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Драги колеги,
Со особено задоволство ви го претставувам овој Зборник преку којшто читателите имаат
можност да се запознаат со трудовите презентирани во рамките на Втората меѓународна
конференција „Транспортот во денешното општество“, што се одржа во Битола од 17 до 19 Мај, 2018.
Тој се состои од 8 делови со 68 публикувани труда (со UDC и DOI броеви), и постер презентации на
семинарските/дипломските трудови на студентите од прв циклус. Дополнително, селектирани трудови,
модифицирани или проширени, ќе бидат објавени во меѓународното научно списание на Универзитетот
„Св. Климент Охридски“ – Битола, „Хоризонти“, серија Б, лиценцирано во EBSCO базата на податоци.
Техничкиот факултет во Битола беше домаќин на Конференцијата, организирана во соработка со
други девет високообразовни институции: Сообраќајниот факултет во Белград, Факултетот за
транспортни науки во Загреб, Универзитетот за транспорт „Тодор Каблешков“ во Софија, Факултетот
за технички науки во Нови Сад, Факултетот за транспорт во Катовице, Факултетот за транспортни
науки во Прага, Факултетот за поморство и транспорт во Порторож, Сообраќајниот факултет во Добој
и Воената академија „Генерал Михаило Апостолски“ во Скопје. Настанот беше одржан под генерално
покровителство на Министерството за транспорт и врски на Р. Македонија и покровителство на
Општина Битола, при што Министерот за транспорт и врски, господинот Горан Сугарески, ја прогласи
Конференцијата за отворена.
Во согласност со очекувањата на академскиот кадар при Техничкиот факултет, собирот
придонесе кон примена на напредни решенија за справување со глобалните предизвици во транспортот,
карактеристични за денешното општество. Имено, имајќи ги предвид суштинските проблеми во
транспортот (високи трошоци – големи губитоци на време при сообраќаен метеж, барања за премин од
приватен на јавен превоз, значителен број на смртни случаи и повреди како последица на сообраќајните
незгоди, различни видови на загадување на околината, неодржливи влијанија врз енергијата и климата,
неадекватни извори на финансирање на инфраструктурата и др.), јасно е дека е потребно што е можно
побрзо преземање соодветни активности.
Меѓународниот карактер на Конференцијата се отсликува преку учеството на повеќе од 100
учесници од Босна и Херцеговина, Бугарија, Велика Британија, Германија, Косово, Македонија, Полска,
Србија, Словачка, Словенија, Хрватска, и Швајцарија. Имено, на објавениот повик беа пријавени околу 80
апстракти, додека 68 труда, со позитивно мислење на рецензентите (еден од Македонија и еден од
странство), станаа дел од програмата. Таа се состоеше од три гостувачки предавања, четири
презентации, промоција на книга, осум сесии, како и постер презентации на студентите од прв циклус.
Во рамките на гостувачките предавања, учесниците се запознаа со можностите за финансирање
како резултат на воспоставувањето партнерски релации меѓу јавниот и приватниот сектор
(„Финансирање на јавниот превоз засновано врз принципите на ЈПП“, презентер: Г-дин Градимир
Стојановиќ); примената на симулацијата како метода за управување во железничкиот сообраќај
(„Историски развој на примената на симулациите во железницата“, од професорите Славко Весковиќ,
Сањин Милинковиќ, и Гордан Стојиќ); подобрување на поврзаноста меѓу земјите од Западен Балкан како
клучен фактор за регионален економски бенефит, како и корист на жителите во целина („Техничка
помош при поврзување на земјите од Западен Балкан“, презентер: проф. Душан Младеновиќ).
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Содржината на презентациите беше насочена кон безбедносните системи во железницата,
односно на системите за автоматска заштита („АLTPRO INDUSI авто стоп систем RAS8385",
презентирана од фирмата АLTPRO, Загреб); транснационалниот пристап во јакнењето на европската
транспортна култура („Европска платформа за транспортни науки“, презентер: Г-дин Себастиан Белц,
директор на Econex Verkehrsconsult GmbH, од Вупертал, Германија и генерален секретар на ЕПТН);
мобилната апликација и веб платформата за пријавување недостатоци на патиштата („Мој
пат“,презентер: Г-ѓица Росана Петревска, АМСМ Скопје); современи методи за изработка на сообраќајни
знаци и потребата за внесување дополнителни одредби во националниот правилник („Изработка на
сообраќајни знаци, Правилник за сообраќајни знаци на Република Македонија – каде понатаму?“,
презентер: Г-дин Ѓорѓи Ѓорѓиевски, Технодидакта, Штип).
Промоцијата на книгата „Анализа на перформансите на метро линија: стохастичен пристап“ од
проф.д-р Никола Крстаноски, од институцијата домаќин на Конференцијата, беше исто така дел од
програмата. Нејзината содржина се однесува на системскиот пристап во анализата на метро линија при
работење близу нејзиниот капацитет. Главните резултати на истражувањето се однесуваат на
дефиницијата на минималниот одржлив интервал на следење како и факторите кои влијаат на
работата на линијата при максимален капацитет.
Можноста за учество на Конференцијата ја искористија седум студенти кои, преку постер
презентации, ги претставија резултатите од нивната апликативна работа во областите на
сообраќајното инженерство, моторните возила, безбедноста во сообраќајот, управувањето и
контролата во сообраќајот.
Организацијата и реализацијата на Конференцијата вклучуваше голем број луѓе. Затоа, од името
на Техничкиот факултет, им се заблагодарувам на сите учесници кои со своето присуство го направија
собирот успешен. Благодарност заслужуваат и рецензентите кои инвестираа значително време и труд
за прегледување и оценување на трудовите. Изразувам голема благодарност и до нашите идни колеги,
студентите од Отсекот за сообраќај и транспорт, за нивната помош во подготовката и
спроведувањето на Конференцијата.

Во име на Техничкиот факултет,
Проф. д-р Марија Маленковска Тодорова
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Dear Colleagues,

It is my great pleasure to introduce this Proceedings as the opportunity for readers to engage with the papers
that were presented during the Second International Conference, "Transport fоr Today's Society". It is divided into 8
sections with 68 published papers, (with UDC as well as DOI numbers), and poster presentations of seminar
papers/theses papers of undergraduate students. Additionally, selected papers, which will be modified or extended,
will be published in the international scientific journal of "St.Kliment Ohridski" University – Bitola, "Horizons" series B,
which is cited in EBSCO base.
The Conference was hosted by the Faculty of Technical Sciences in Bitola, in cooperation with other nine
higher educational institutions: (Faculty of Transport and Traffic Engineering, Belgrade, Faculty of Transport and
Traffic Sciences, Zagreb, University of Transport "Todor Kableshkov" Sofia, Faculty of Technical Sciences, Novi Sad,
Faculty of Transport Katowice, Faculty of Transportation Sciences, Prague, Faculty of Maritime Studies and Transport,
Portoroz, Faculty of Transport and Traffic Engineering, Doboj, and Military Academy "General Mihailo Apostolski" –
Skopje). It was held under the general patronage of the Ministry of Transport and Communications of Macedonia, as
well as the patronage of the Municipality of Bitola. Mr. Goran Sugareski, Minister of Transport and Communications,
opened the Conference.
With this meeting, the Faculty hope to contribute to the advanced solutions for global transportation
challenges which are characteristic of today's society. Namely, bearing in mind the core transportation problems,
(large costs – lost time in traffic congestion, requirements for achieving a modal shift from private to public transport,
significant death and injuries from crashes, various forms of environmental pollution, unsustainable impacts on
energy and climate, inadequate funding sources for the infrastructure), it is obvious that there is a need for taking
appropriate action as soon as possible.
The international character of the Conference is illustrated by more than 100 participants coming from
Bosnia and Herzegovina, Bulgaria, Croatia, Kosovo, Macedonia, Germany, Poland, Serbia, Slovak Republic, Slovenia,
Switzerland, United Kingdom. Namely, approximately 80 abstracts were submitted on the announced call, and 68
papers with a positive opinion of the reviewers, (one from Macedonia and one from abroad), were part of the
programme. It consisted of three guest lectures, four presentations, a book promotion, eight oral sessions and
students' poster presentations.
As part of the guest lectures, participants had the opportunities to become familiar with themes of:
financing, arising from partnerships between public and private sector, ("Financing public transport based on PPP
principles", presented by Mr. Gradimir Stojanovic); using simulation as a method for facilitating the management in
railway transport, ("History of Development of Railway Simulations", by Prof. Slavko Veskovic, Prof.Sanjin Milinkovic,
Prof.Gordan Stojic); improving connectivity within the Western Balkans as a key factor for benefits to the region's
economies and citizens,( "Technical Assistance to Connectivity in the Western Balkans", presenter Prof. Dusan
Mladenovic).
The context of the presentations was directed towards: safety systems in railways, more precisely on
automatic train protection systems, ("ALTPRO INDUSI auto stop system RAS8385" presented by employees of
ALTPRO, Zagreb); transnational approach in strengthening of European transport culture, ("European Platfom for
Transport Sciences", presented by Mr. Sebastian Belz, Managing Director of econex verkehrsconsult gmbh,
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Wuppertal, Germany, Secretary General of the EPTS); mobile application and web platform for reporting road
damage, ("My Road", presenter Ms. Rosana Petrevska, AMSM, Skopje); current methods for making road traffic signs
and the need for involvement of additional articles in the national rulebook, ( "Construction of Traffic Signs,
Macedonian Rulebook for Traffic Signs – how to go further?", presenter: Mr. Gorgi Gorgievski,Tehnodidakta,Stip).
The promotion of the book "Rapid Transit Line Performance Analysis: A Stochastic Approach" by Prof. Nikola
Krstanoski, a member of the institution hosting the Conference, was also part of the programme. The contents of this
item is related to the systems approach in analyzing of line performance under condition of operation near line
capacity. The major findings are how to define the minumum sustainable headway and what factors influence this
operation near line capacity.
The opportunity for participation at the Conference was used by seven students, who presented, through the
poster presentations, the results in their applicative work in the fields of traffic engineering, motor vehicles, traffic
safety, traffic management and control.
The Сonference represents the efforts of many people. Therefore, on behalf of the Faculty of Technical
Sciences, I thank all the participants who have made this event successful. Praise is also deserved for the reviewers
who have invested significant time in analyzing and assessing of papers. Additionally, gratitude to our future
colleagues, the students of the Department of Traffic and Transport for their help in the preparation and realization
of this event.
On behalf of the Faculty of Technical Sciences - Bitola
Prof. Marija Malenkovska Todorova, PhD
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Abstract
In this paper we were focused in finding a suitable model for traffic
volume forecasting in Anamorava region, using multiple regression analysis
(MLR). In the beginning we have identified demographic and socioeconomic variables that have an impact in traffic generation. However, due
to the very high correlation between variables (multi co-linearity
phenomenon) it was impossible to include all of them in the model. In order
to overcome this phenomenon and take into account as many variables as
possible in setting up a final model and with the aim of increasing its
forecasting capability, a new methodology was used, using principal
component (PC) as an input. Datasets for annual daily traffic average
(AADT) in the period from 2004 to 2016 are used to forecast traffic volume
in this region. As a result, mathematical equations were established and
multiple regression analysis (MLR) as well as principal component
regression (PCR) models were developed separately, in which case their
results were compared and evaluated using some performance indicators.
Comparing the results, we found that the PCR model performs much better
than MLR due to the implementation of (PCs) for traffic volume forecasting
in the main road network of this region.
Keywords - traffic volume; methods; forecasting model; performance
indicators, region

¹ original scientific paper
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INTRODUCTION
Following identification of topic and with an aim to find a suitable model
with high forecasting capability, we would like to elaborate a methodology
which will establish a model to be used for accurate forecasting traffic
volumes with minor errors on the main road network in the level of
Anamorava region[1]. After referring theoretical and empiric literature and
after having available data, there was clear idea on variables which are
required for completion of analysis [2],[3]. The key question over which this
study is guided relies on factors’ determination for generating traffic
volumes on the main road network of the region as well as their impact. We
will also make sure whether hybrid combination structure PCA-MLR (PCR)
may overcome conventional statistical method MLR for forecasting traffic
volumes.
METHODOLOGY
In this regard, we have applied various methods and techniques such as
conventional and non-conventional methods as well as their combination to
get the best possible model [4]. Nevertheless, due to elimination of high
correlation between macro variables (multi co-linearity phenomenon) which
constitute establishment of a model as well as improvement of its forecasting
capability which means reducing the possibility for errors, key components
(PC) have been applied as an input to MLR model. According to this point
of view a combined or hybrid model is developed known like PCA-MLR or
PCR model. The structure of this model in the way of visualization is given
through an algorithm in the figure 1.
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Fig.1. The algorithm of traffic forecasting using PCA-MLR (PCR).

A. Study area
The study is conducted on the main road network in Anamorava region,
more specifically in four locations in which automatic traffic counting
(ATC) were installed, which is: 1-Slivovo, 2-Sojevo, 3-Ranillug and 4Pasjan as presented through figure 2. The traffic volume expressed like
AADT in this case is considered like dependent variable (Yi) while for
developing of a model there was a need to collect data for independent
variables (Xi) at the country and regional level which are received from
various state competent institutions[5],[6] and [7]. For the sake of problem
analysis, variables are presented in time format for the period of thirteen
years (2004 – 2016). The further analysis is conducted at location 1-Slivovo
as well as representative location.

3

3

Fig.2. Study area-location of ATC in Anamorava region

B. Modelling techniques
B1.Principal Component Analysis
Principal Components Analysis (PCA) is a statistical technique used for
summarization of collected information by some observed variables which
correlate to minor number of factors or by forming a new dataset which
contain a number of non-correlated principal components (PCs) [8]. This
will result in elimination of multi co-linearity phenomenon [9]. These PCs
are placed in order way starting from the biggest to the smallest variables.
Factors are linear combination of variables observed. The values of all PCs
may be gained by the same equation as Eq.1 and Eq.2:
n

PC1 a11  x1  a12  x2  ..... a1n  xn 

a

1j

 xj

j 1

(1)

n

PC2  a21  x1  a22  x2  ..... a2n  xn 

a
j 1

2j

 xj

(2)

In which x1,x2,...,xn are original variables in the data set and ajj are
eigenvectors.
The analysis of PCs begins with calculation of eigen values of matrix.
Having eigen vectors, the matrix of factors is calculated. Once the matrix is
established, calculation of load factors is done simply by calculating
correlation between observed variables and factors. There are two criterions
to be considered for calculation of PCs: first of all, new variables (principal
components) should be selected in such a way so that the first factor
describes the majority part of variability of variance, the second component
is appropriate for maximum part of variance residuals and so on and
secondly new variables do not correlate. Before starting factorial analysis it
is important to test adjustability of data. There are several tests used to prove
or to control suitability of data [10]. A measure of suitability of data for
completion of factorial analysis is Kaiser-Meyer-Olkin(KMO) measurement,
which should get bigger value than 0,5. The value of KMO pattern is a
statistics showing the percentage of variance of variables studied which
might be caused by invisible factor. High values, approaching 1.0 in general,
shows that an analysis of factors may be useful. According to Kaiser 1974 if
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the value is lower than 0.5, the results of analysis of factors may probably
not be very useful. The equation for its calculation is given by Eq.3:

 r
KMO 
 r  
2
ij

i j

2
ij

i j

i j

(3)

a ij2

In which rij is a simple correlation, while aij is partial correlation between i
and j.
Eigen values and covariance matrix is used by PCA to gain independent
axis under Gauss principles. Eigen values generated by PCA are known as
typical values like special scalars associated by a linear equation. Eigen
value per data matrix may be calculated by equation Eq.4:
C I  0

(4)
In which C is correlation of standardized data, λ is eigenvalue and I is
identity matrix. The weight of associated variables is done through Eq.5:
C    I W  0

(5)
In which symbol W is the weight of matrix. In this case one of rotation
technique is used to find out how to group some variables for one factor with
the same meaning. The contribution of each variable to every PC is
presented through loading factors after application of rotation process. In this
regard, PC is gained by multiplication of standardized values of matrix by
prior calculation of W weight. The other test is Bartlett's test of sphericity,
which proves inter correlation of data.
During analysis of matrix of correlation it is important that variables are
correlated. This test is used to make sure that the matrix of correlations
diverges significantly by unit matrix. In order to determine the relation
between variables, the matrix determinant is calculated for R correlations.
Under null hypothesis (H0) supposition, R 1, variables correlated to a
significant level then the value is R  0. Bartlett's test is calculated according
to Eq.6 [11]:
2  ( p  k)  7 

 k2

 [n  k 

2
pk

6



k



( 
j 1

p

) 2 ]  [ ln

j



j  k 1

j

 ( p  k )  ln   ]

(6)

Where p is the number of components, λj is eigenvalues per kj component
and n is the number of observations. The value of 
could be get through
Eq. 7 [11]:


j

p



j  k 1

pk

(7)

B2.Multiple regression analysis
Multiple Linear Regression(MLR) is one of modelling techniques to
find out relation between one dependent variable (Yi) and some other
independent variables (Xi), when i=1,2,...n. The general form of model
according to MLR is given through Eq. 8 [12]:
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(8)
Yi   0  1  x1i  ...   k  x ki   i
In which βi are regression coefficients, xi are dependent variables and εi is
an error associated during regression. In MLR model this error term ε is
supposed to be normal distribution around zero and constant variance. It is
also supposed the residuals should not correlate. In order to calculate the
values of parameters the least square method is used.
B3. Principal Component Regression
An analysis through PCR model enables that MLR and PCA be together
in order to create the relation between dependent variable and PCs selected
like input variables [13]. Therefore, PCR is a hybrid of PCA and MLR. In
this case points per PCs gained from PCA are taken like independent
variables in the equation of MLR in order to have PCR analyze functioning.
The general expression of PCR model is given through Eq. 9 :
n

Y  a1  PC1  a2  PC2  ..... an  PCn 

a

j

 PC j

(9)

j 1

RESULT AND DISCUSSION
The analysis begins by descriptive statistics for variables taken in the
presented analysis according to table 1. As it can be seen in the table, the
minimum value of traffic volume as AADT is 6325 (veh/24), the maximum
is 10439 (veh/24) while the average value is 7449 (veh/24h) by standard
deviation 1240 (veh/24h). In this regard, the values for all other independent
variables are given with exception of X1 variable which indicates years and
all other variables are provided according to years.

Table 1. Basic descriptive statistic for variables reviewed
Variables
Traffic volume
State Population
State Household
State Employment
State Vehicle registration
Consumer Price Index
Gross Domestic Product
Per capita Income
Gasoline price
Region population
Region household
Region employment
Reg. vehicle registration

Y
X2
X3
X4
X5
X6
X7
X8
X9
X10
X11
X12
X13

N
13
13
13
13
13
13
13
13
13
13
13
13
13

Min
6325
1786282
278915
236181
179157
77
3006100
1763
0.840
240502
48999
32270
29031
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Max
10439
1891906
338618
340911
336942
101
5984900
3356
1.160
254723
51442
43692
53806

Mean
7449
1846303
311062
290450
249102
90
4431790
2507
1.015
248583
50504
37302
39419

Std. dev
1240
37473
17863
33631
52192
9
1072114
562
0.027
5045
685
3983
8514

MULTIPLE REGRESSION ANALYSIS
By regression analysis, the relation between independent variables and
traffic volume is found out. The MLR model is developed through 13
observations by 12 independent variables (Xi) against dependent variable
(Yi) using SPSS version 22 software. In this regard, by application of
stepwise technique, the best model is found with highest values adjusted
R2=0.859, which contain only one significant dependent variable (X13)
compared to other tested and proven models.
Table 2. Model summary of statistical parameters using MLR
Model Summarya

Adjusted R2
Std. Error
0.859
465.53011
ANOVA
Model SumSquares
Df.
Mean Square
F
Regression 16071147.64
1
16071147.643
74.157
Residual 2383901.12
11
216718.284
Total 18455048.76
12
Coefficients’
B
Std.Err
t
Tolerance VIF
Constant 2091.432 635.437
3.291
X13
0.136
0.016
8.611
1.000
1.00
Model
1

R
0.933a

R2
0.871

D.Watson
1.338
Sig.(p<0.05)
0.000b

Sig.(p<0.05)
0.007
0.000

a. Dependent Variable: Traffic volume (Y)

With an aim to eliminate multi co-linearity values of Variance Inflation
Factor (VIF) and statistical test of Durbin Watson (DW) is used. The value
of independent variable was VIF=1, which show that values up to 10
indicate that there is no multi co-linearity between dependent variables. In
this regard, statistical test DW=1.338 shows that the model does not face
problem with first rule of auto correlation. The results indicate right
orientation for determination of traffic volume which is 85.9 % of dependent
variable of variation. The regression model resulted statistically significant
by F-test (F= 74.157) for the control level 0.05 (since p < 0.000) and relation
between independent variable and the dependent one is expressed by Eq.10:
Y  2091,432  0,136  X 13
(10)
The regression coefficient is positive (0,136). It means that by increasing
the level of variable, the value of dependent variable “traffic volume” is also
increasing. The similar conclusion is gained also by statistical t-test for
controlling individual regression coefficients, indicating that these
coefficients are different from zero. Which is t-test (t=8.611 and p<0.000).
In other words, X13 variable gives significant contribution to the model. In
this regard, the residual analysis indicates that residuals are distributed in
normal way by zero mean and constant variance.
PRINCIPAL COMPONENT REGRESSION
Determination of traffic volumes is supposed to be completed through 12
different variables, which will be combined with some other general factors
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afterwards. Given approach was subject of factorial exploring analysis using
SPSS version 22.0 software. Based on KMO index of value 0.720 in this
study, we are certain that data are in support of use of factorial analysis and
this suggests that data may be grouped into smaller impact group of factors.
Mutual relation can be checked using Bartlett's test, which is testing zero
hypothesis so that original matrix of correlation is in fact the matrix of
identity.
Table 3. KMO and Bartlett's Test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
Bartlett's Test of Sphericity
Approx. Chi-Square
df.
Sig.

0.720
292.764
55
0.000

In this case MLR are repeated using PCA as input. Table 4 contains
eigenvalues associated to each component linear (factor) before extraction,
after extraction and in the phase of rotation. Before the phase of extraction
there are 12 linear components identified within the data set.The eigenvalues
associated to every factor show explained variance for every linear
component and at the same time they show their explained percentage
eigenvalues (this case the first factor explains 90.538% of the total variance).
In the PCA, the number of extracted components may be equal to the
number of variables analyzed. It is worth note which components with
influence are and which should be taken into account for interpretation and
modelling. The components which will still remain in the model are more
than 5% of variances. Therefore, based on this fact in the further modelling
the second factor which explains 5.647 % of variance is incorporated.
Table 4. Total variance explained by each PC
Component
1
2
3
4
5
6
7
8
9
10
11
12

Initial Eigenvalues

Total
10.865
0.678
0.191
0.101
0.082
0.058
0.019
0.004
0.002
0.001
0.000
3.305E-11

% of
Variance
90.538
5.647
1.592
0.839
0.685
0.482
0.158
0.035
0.014
0.007
0.002
2.754E-10

Cumula
tive %
90.538
96.185
97.777
98.616
99.301
99.783
99.941
99.977
99.990
99.998
100.000
100.000
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Extraction Sums of Squared
Loadings
%
Cumu
of
lative
Total
Variance
%
10.865
90.538 90.538
0.678
5.647 96.185

Rotation
Sums of
Squared
Loading

Total
10.285
9.234

As stated above, PCA is attached to all variables in two factors of
eigenvalues bigger than 5% which are named like PC1 and PC2. Further,
other factors contribute with much lower values of eigenvalues which are
close to zero and this means there is presence of multi co-linearity. Since the
aim of application of PCA is to eliminate the problem of multi co-linearity,
other factors (PCs) have been ignored in further analyses, in which PC1 and
PC2 are components applied. Using both factors, the variability in
percentage is about 96%. The eigenvalues associated to these factors is also
shown in the table of extraction like sums of squared loading. The values
reflected in this part of table are the same with those before extraction except
the values of other factors which have not been taken into consideration.
In the last part of table is presented also factors after application of
rotation process. The rotation has an effect in optimizing the structure of
factors as well as the results of data is in relative significance of factors also
for their equal values. In this regard, the value of the first factor remains
approximately the same (from 10.865 to 10.285), while the second factor it
changes a lot (from 0.678 to 9.234). Table 5 contains the matrix of
components which is reflection of simple correlation between original
variables and new variables. The contribution of each variable within PC is
explained by the values of variables. The higher the values are the bigger
contribution of it is reflected to any PC. Part of PC in bold (table 5) is
reflection of higher correlation between variables and corresponding PCs.
Table 5: Component loading
structure Matrix
Component
PC1
PC2

Table 6: Component Score
Coefficient Matrix
Component
PC1
PC2

X12
X5
X8
X7
X13
X4
X6
X2
X10
X9
X11
X3

X2
X3
X4
X5
X6
X7
X8
X9
X10
X11
X12
X13

0.988
0.988
0.986
0.985
0.984
0.977
0.939
0.907
0.907
0.656
0.834
0.902

0.825
0.779
0.845
0.865
0.721
0.797
0.925
0.957
0.957
0.948
0.943
0.925

0.030
0.044
0.156
0.172
0.066
0.125
0.136
-0.113
0.030
-0.005
0.147
0.200

0.177
0.150
-0.037
-0.064
0.120
0.023
0.002
0.379
0.177
0.224
-0.019
-0.118

As it can be seen from table 5, all variables show higher values (bigger
than) for each PC. Thus, variables X12,X5,X7,X13, X4, and X6 have bigger
impact in PC1, while variables X2,X10,X9,X11,X3 impact more PC2. The
bigger the load is the bigger their impact is in forming points of coefficients
to principal component score coefficient. Table 6 is about component score
coefficient matrix which is used to get coefficients for each PC. When
multiplying scores of coefficients (eigenvectors) and original values of
variables we gain scores for each PC. These values and scores are used as
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independent variables in MLR analysis to determine first of all significant
PCs, which could be used in the model of forecasting. As noted and reflected
in table 6, all variables are covered by two selected PCs supported by the
following equations Eq.11 and Eq.12:
PC1  0,030  X 2  0,044  X 3  0,156  X 4  0,172  X 5  0,066  X 6  0,125  X 7
 0,136  X 8  0,113  X 9  0,030  X 10  0,05  X 11  0,147  X 12  0,200  X 13
PC 2  0,177  X 2  0,150  X 3  0,037  X 4  0,064  X 5  0,120  X 6  0,023  X 7
 0,02  X 8  0,379  X 9  0,177  X 10  0,224  X 11  0,019  X 12  0,118  X 13

(11)
(12)

When applying PCR analysis, PC1 and PC2 resulted as significant
(p<0.05) with linear relation with the traffic volume (Yi), reflected in table 7.
Results in this table show clearly there is no problem with multi co-linearity
because the value of VIF is much smaller than 10 (VIF=2.713) and the value
of tolerance is bigger than 0.1 (TOL=0.369). Durbin-Watson statistical test
show that the model does not suffer from the problem of the first scale of
auto correlation (DW=1.486). Residual analysis show that residuals are
distributed normally around zero as average and constant variance.
Table 7. Model summary of statistical parameters using PCR
Model Summarya
Model
R
R2
Adjusted R2
Std. Error
D.Watson
a
1
0.948
0.899
0.879
431.58135
1.486
ANOVA
Model SumSquares
df
Mean Square
F
Sig.(p<0.05)
Regression 16592424.14
2
8296212.07
44.540
0.000b
Residual 1862624.62
10
186262.46
Total 18455048.76
12
Coefficientsa
B
Std.Err
t
Tolerance VIF Sig.(p<0.05)
Constant 7449.308 119.699
62.234
0.000
PC1 1516.286 205.210
7.389
0.369
2.713
0.000
PC2 -473.241
205.210
-2.306
0.369
2.713
0.044
a. Dependent Variable: Traffic volume (Y)

Based on the table above, both PC resulted significant as independent
variables in setting up MLR analysis. In this case standardized value of beta
coefficient is PC1=1516.286 and PC2=-473.241. The coefficient of
determination of PCR is R2=0.879 which have improved compared to the
model set up according to MLR. PC1 has a positive impact while PC2 has
negative impact in forecasting traffic volume. The relation between these
two components of traffic volume is given through these two components
and expressed through the following equation Eq.13:
Y  7449,308  1516,286  PC1  473,241  PC2
(13)
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PERFORMANCE INDICATORS
The comparison is done by indicators’ performance through MLR and
PCR for forecasting the traffic volume as AADT in the main road network of
Anamorava region [14]. In table 8, in summary way are given values of
these indicators. The accuracy in forecasting according to PCR model by
these indicators is better than the MLR from all indictors apart from MAPE
(4.25<4.46). Thus, PCR is a guarantee in better forecasting than MLR.

Table 8: Performance indicators between MLR and PCR models
Performance Indicators
MLR
PCR
Coefficient of Determination (Adjusted R2)
0.859
0.879
Mean Error (ME)
1.40E-13
-7.69E-07
Mean Percentage Error (MPE)
1.4E-11
-7.69E-05
Mean Absolute Deviation (MAE)
361
336
Mean Squared Error (MSE)
183377
143279
Root Mean Squared Error (RMSE)
428
370
Mean Absolute Percentage Error (MAPE)
4.25
4.46
Root Mean Square Percentage Error (RMSPE)
5.09
4.93
Coefficient of Variation (CV)
0.057485
0.050813

CONCLUSION
The data on independent macro variables as well as traffic volume
expressed in AADT as dependent variable for the period 2004 to 2016 were
used to set up two models. One of them was MLR model which is
functioning through original variables, while the other one called hybrid
PCR model which function like transformation of original variables into
principal components (PCs), which have been used after like inputs to MLR.
The results show that application of principal components like inputs ensure
much better results compared to the original data for variables because it
reduces the number of inputs and the consequence is reduction of the model
complexity. Apart from above, use of PCs is considered to be more efficient
due to elimination of the co-linearity problem and reduction of the number
of variables which are incorporated in the forecasting model.
In this regard, the quality of reliability of models set up is assessed
through performance indicators (Adjusted R2, ME, MPE, MAE, MSE,
RMSE, MAPE, RMSPE and CV). Almost all indicators let us understand
that PCR model may better forecast traffic volume of the main road network
of the region better than MLR model.
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Abstract
M2M (Machine-to-Machine) technologies provide a number of solutions
in logistics and transport, such as fleet management solutions, asset tracking
systems, parking space management and payment, road tolls, traffic volume
monitoring, connected road signs, traffic lights and cameras, connected
navigation, passenger services, etc. The data obtained is huge and need high
performance to be usable. NoSQL data systems are the answer to it. When
compared to relational databases, many NoSQL systems share several key
characteristics including a more flexible data model, higher scalability, and a
superior performance. Although there are dozens of NoSQL databases, they
primarily fall into one of the following three categories: document databases,
graph databases and databases based on key-value and wide column model.
MongoDB is an open-source document database. In this paper the
possibilities of using MongoDB databases in innovative applications of Big
Data in the transportation industry will be explored.
Keywords - NoSQL database; document database; Big Data technology
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INTRODUCTION
Smart M2M (Machine-to-Machine) solutions can be applied to manage
fleets of commercial vehicles and to passenger vehicles to improve safety,
quality of service, comfort and convenience for drivers [1]. Intelligent
transport systems based on M2M technologies can help to optimize and
control the traffic flow of vehicles, reducing costs and carbon footprint. Its
applications are countless: parking space management and payment, road
tolls, traffic volume monitoring, connected road signs, traffic lights and
cameras, etc. Modern urban traffic data is obtained from hundreds traffic
sensor loops, thousands GPS (Global Positioning System) car routes from
traffic and navigation applications, millions of traffic-related short messages
in social networks. As a result, traffic data volume and dimensions grow
rapidly and data becomes more heterogeneous, which make application of
conventional data management methods difficult and inefficient [2]. Today,
the traffic data management is a field which requires the application of Big
Data technologies [3]. Big Data refers to technologies and initiatives that
involve data that is too diverse, fast-changing or massive for conventional
technologies, skills and infrastructure to address efficiently. Said differently,
the volume, velocity or variety of data is too great [4].
In this paper, we will consider using one of the most popular NoSQL
databases today – MongoDB, in Big Data applications in transportation. In
the second section of the paper, an overview of MongoDB is given. Some of
the successful stories of using MongoDB databases in transportation are
presented in the third section of the paper. In order to discover the
possibilities of MongoDB databases we have implemented our case study.
The fourth section presents our MongoDB in transportation case study. In the
conclusion section, the main advantages of using MongoDB databases in
transport, will be highlighted.
MONGODB OVERVIEW
MongoDB is an open source, document oriented database that provides
high performance, high availability, and easy scalability. MongoDB is based
on concept of collection and document. Database is a physical container for
collections [5]. Each database gets its own set of files on the file system. A
single MongoDB server typically has multiple databases. Collection is a
group of MongoDB documents. It is the equivalent of an RDBMS (Relational
Database Management System) table. A collection exists within a single
database. Collections do not enforce a schema. Documents within a collection
can have different fields. Typically, all documents in a collection are of
similar or related purpose. A document is a set of key-value pairs. Documents
have dynamic schema. Dynamic schema means that documents in the same
collection do not need to have the same set of fields or structure, and common
fields in a collection's documents may hold different types of data [6]. Any
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relational database has a typical schema design that shows number of tables
and the relationships between these tables, while the concept of relationship
does not exist in MongoDB. Advantages of MongoDB compared to RDBMS:

Schema less.

Structure of a single object is clear.

No complex joins.

Deep query-ability. MongoDB supports dynamic queries on
documents using a document-based query language that is almost as
powerful as SQL.

MongoDB is easy to scale.

Conversion/mapping of application objects to database
objects is not needed.

Uses internal memory for storing the working set, enabling
faster access to data.
MONGODB IN TRANSPORTATION USE CASES
The United States Department of Transportation is setting up central
service to monitor traffic conditions nationwide, deploying sensors
throughout the interstate system that monitor traffic conditions including car
speeds, pavement and weather conditions, as well as accidents, construction,
and other sources of traffic tie ups. MongoDB has been selected as the
database for this application [7].
In order to meet challenges that come with Big Data and IoT (Internet of
Things), Bosch started to use MongoDB. This led to the following three
solutions: Community-based parking [8], Monitor Freight cars solution [9],
and Connected Vehicle Fleet Management system [10].
Their Community-based parking solution simplifies parking in cities using
cloud-based solutions and can be used to rapidly locate available parking
spaces on the street. The “community” consists of two groups: drivers that are
actively seeking for a parking spaces and drivers who are taking their way
around the city. Transmitter vehicles drive through the city identifying
available spaces making this data available to receiver vehicles. As the
number of participant grows, the parking maps become more precise and up
to date and can be used to guide drivers to the available parking spaces [8].
The second Bosch solution represents condition monitoring system for rail
freight transport and enables asset monitoring. A box with different sensors is
attached to every freight car and collects various data such as the precise
position of the railcar, the temperature in the storage area, etc. Collected
information is transferred to the server where fleet operators, customers or the
goods recipients can access the data on the server any time to get a snap shot
of the data about car and the freight [9].
Bosch’s Connected Vehicle Fleet Management system is based on
custom-built series of sensors and monitoring systems and enables real-time
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journey analysis, tracks vehicle consumption and geo-fences vehicles
supporting complete transparency in every moment. A minute-by-minute
information on each vehicle is enabled giving the key insights into best
routes, fuel, maintenance and the level each driver contributes to the overall
performance. It can be used to optimize the safety, security and energy
capabilities of the fleet [10].
MONGODB IN TRANSPORTATION CASE STUDY
In order to investigate the possibilities of MongoDB databases, we have
built a case study in the domain of the road transport. The case study includes
storing and processing of data generated by several automatic traffic counters
(ATCs) located in the Republic of Serbia in 2015. 14 automatic traffic
counters of type QLTC-10C were located on 10 different locations in the area
of town Novi Sad and its surroundings. ATCs are used to track traffic and are
located on roads and city boulevards: a single counter is placed on roads and
is responsible for tracking traffic in both directions, while two counters are
placed on city boulevards – each tracking traffic for one direction. Every day,
each ATC generates a single txt file. This file contains all the data related to
all the vehicles that were registered by the counter that day. This means that
each ATC during one year generates 365 txt files. Each record of the txt files
consists of the following fields: index, date and time, channel, lane, vehicle
class, vehicle speed, and vehicle length. Based on this data, volume of traffic,
as well as the vehicles speed, can be tracked. In our study, we have calculated
basic indicators of traffic volume, such as: Annual Average Daily Traffic
(AADT), Monthly Average Daily Traffic (MADT), AADT by directions,
AADT by vehicle categories, AADT by directions and vehicle categories.
The case study is realized through the following phases:
1. Invalid records are removed from txt files,
2. The content of 365 txt files generated by single ATC are merged
in a single large txt file. That way, 14 large txt files are generated,
each sized up to 1.5 GB.
3. Using MongoDB Community Edition 3.6, MongoDB database
traffic_counting is created,
4. Using Pentaho Data Integration software and its graphical
transformation and job designer – Spoon, data received from 14
large txt files formed a collection named annual_traffic in
MangoDB database traffic_counting. Every registered vehicle is
related to the one document in MongoDB collection
annual_traffic. In the Fig 1, one document from annual_traffic
collection in the graphical user interface for MongoDB –
MongoDB Compass Community is presented. In Fig 2, it can be
seen that collection annual_traffic consists of 47 778 518 documents.
5. Using
query
shown
in
Fig
3,
the
collection
annual_number_of_vehicles_by_counter
from
MongoDB
database traffic_counting is created and filled with data. One
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document that belongs to the collection is presented in Fig 4.
Using similar queries the following collections were have created:
annual_number_of_vehicles_by_counter_and_by_direction,
annual_number_of_vehicles_by_counter_and_by_vehicle_category,
annual_number_of_vehicles_by_counter_and_by_direction_and_by_
vehicle_category.

Fig.1. One document from annual_traffic MongoDB collection

Fig.2. The MongoDB database traffic_counting
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Fig.3. The MongoDB Query which generates
annual_number_of_vehicles_by_counter MongoDB collection

Fig.4. One document from

Fig.5. One document from

annual_number_of_vehicles_by_counter

annual_average_daily_traffic

MongoDB collection

MongoDB collection

One document that belongs to the collection annual_average_ daily_traffic is
presented on Fig 5. Using query presented in Fig 6, the collection
annual_average_daily_traffic in MongoDB database traffic_counting is
created and filled. The data from the collection annual_average_daily_traffic
are presented on the Table 1.

Fig.6. The MongoDB Query which generates annual_average_daily_traffic
MongoDB collection
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Table 1. Data from the annual_average_daily_traffic MongoDB collection
Automatic Traffic Counter Location
Alibegovac
Bocke
Bulevar Evrope 3 - K Stankovica - Rumenacki put
Bulevar Evrope 3 - Rumenacki put - K Stankovica
Klisa
Paragovo
Sancevi
Somborski bul (Patrijarha Pavla) - Bul Evrope - Vrsacka
Somborski bul (Patrijarha Pavla) - Vrsacka - Bul Evrope
Tekije
Tunel - Irig - Novi Sad
Tunel - Novi Sad - Irig
Vojvode Stepe - Rumenacka - S Jovanovica
Vojvode Stepe - S Jovanovica - Rumenacka

Annual
Average Daily
Traffic
8011
12230
5581
4400
9352
10067
11618
11435
10298
13701
5775
7976
13108
12342

Using similar queries, the following collections were created:
annual_average_daily_traffic_by_directions,
annual_average_
daily_traffic_by_vehicle_category, annual_average_daily_traffic_
by_directions_and_by_vehicle_category. The Fig 2 shows
MongoDB database traffic_counting and its all 9 collections.
6. Using Pentaho Data Integration software and its graphical
transformation and job designer – Spoon, tabular and graphical
visualization of collections from MongoDB database
traffic_counting is made. A window from the Spoon tool that
contains data from the annual_average_daily_traffic collection
presented on geographic map is shown in Fig 7.
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Fig.7. Geo map view of selected data from MongoDB database in Spoon

In Fig 8 a window from Spoon tool that represents graphical
presentation of the percentage distribution of AADT for cargo
vehicles classified by categories for the traffic counter Paragovo is
shown. Spoon enables creating and executing transformations
and jobs. Transformations are used to describe the data flows for
ETL (Extract, Transform, Load) such as reading from a source,
transforming data and loading it into a target location. We have
created two types of transformations: one used to transfer data
from txt files to MongoDB database, while the other is used to
grafically present and geolocate the results received from
MongoDB database data processing.
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Fig.8. Doughnut view of selected data from MongoDB database in Spoon

CONCLUSION
Unlike relational databases, creating schema of MongoDB database is
simpler and takes less time. In order to optimize queries, it is more efficient to
create different non-relational schemas for the same raw data, then to design
one relational schema together with complicated and demanding queries. The
number of data sources in the traffic industry grows every day and there is a
constant need to connect data received from various and heterogeneous
sources. MongosDB’s flexibility and dynamics represents the key advantage
comparing to the traditional relational databases. The number of applications
of traffic data and the number of their users grow rapidly every day.
Therefore, there is a growing demand to develop new and enhance existing
applications. Flexible model of MongoDB shortens the time required for the
application development. Additionally, MongoDB provide a rich set of
indexing options to optimize a wide variety of queries, including text indexes,
geospatial indexes, etc. Traffic and transport generate huge amount of data
every minute and the good performances of MongoDB databases to process
those huge amount of data is another great advantage. Flexibility and good
performances make this type of database suitable for developing traffic and
transportation databases.
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Abstract
Most airports around the world have a dichotomic structure of revenue
that is generated from both aeronautical and non-aeronautical activities. The
aim of the paper was to analyze how this structure changed over time and
what factors were beyond these changes. Moreover, within each of the
aforementioned categories of revenue there are different particular sources of
revenue identified. The paper focuses on the structures of aeronautical and
non-aeronautical revenues. Also, the changes in these structures were
examined. The research included both aggregated data (global and
continental levels) as well as data for particular airports. Due to scarcity of
comprehensive data that is available free of charge data retrieved from
airport reports and websites were used. The results of the research showed
(contrary to expectations) that the share of non-aeronautical revenue in total
revenue has been declining slightly in recent years (globally) after a couple
of decades of growth. The reasons behind that were identified to be market
saturation in well-developed economies, the structure of passenger traffic
growth (with emerging markets being characterized by the highest growth
pace) and other factors. Moreover, within aeronautical revenue a shift from
aircraft-based to passenger-based charges was noticed which should be
attributed to the pressure exercised by airlines on the reduction of the airport
charges that are consider costs of airlines (passenger charges are transferred
onto passengers as ticket price add-ons). With the rapid development of
passenger air transport sector, the changes are likely to continue and their
dynamics will be highest on the fastest growing emerging markets.
Keywords - airport revenue; aviation revenue; non-aviation revenue
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INTRODUCTION
Most airports in the world have two basic sources of operating revenue,
i.e. revenue from aviation activities and revenue from non-aviation activities.
The revenue in the former group come from the sales of aviation services,
which are related to the handling of aircraft, passengers and cargo, the
service being directly and inseparably connected with the transport process
which the airport is involved in. And the non-aviation revenue related to the
services indirectly involved in servicing passengers within the transport
processes include most additional services offered at airports, as a rule not
by airport management entities. In this situation, airports usually acquire
commission-based remuneration or charge fees for renting space for the
operations pursued by other entities on the premises belonging to the airport
management.
The aim of this paper is to identify the tendencies in shaping each group
of revenue at airports in the world and to indicate the reasons behind these
changes. Due to the shortage of available data which would describe the
whole sector from the global perspective being also cross-sectional in
character, the conclusions have been drawn from the available data. Thus,
the research was not aimed at the gathering and presentation of the complete
time series of all the data, but at the attempt to grasp the regularities and
processes related to airport revenue generation. Depending on the data
category, the latest available data refer to the years 2013-2016, which gives
rise to certain shifts in time with regard to the data comparability. On the
other hand, it should be emphasised that due to their character, the data on
the structure of airport revenue are relatively stable over time, and changes
in value are rather long term in character, thanks to which it is possible to
draw conclusions based on the data which are to a certain extent
fragmentary.
Sources of airport revenue
The structure of revenue from sales of aviation and non-aviation services
is diversified in the world airports. From the global perspective the
proportion of aviation to non-aviation revenue amounts to about 60/40
(according to ACI data from recent years) and has been relatively stable over
time with a slight downward trend of the share of non-aviation revenue in
the last couple of years. The data indicating this structure in the years 20052015 are presented in Figure 1.
Considering the reasons behind slight declines in the share of revenue
from non-aviation activities in the years 2005-2015 a few factors should be
considered. First, after a period of growth of this group revenue in total
revenue, which began towards the end of the 1970s and lasted for over two
decades [4], the market saturation with these services was observed, in
particular in well-developed countries, which have the largest share in air
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traffic in the world. In Western Europe, the liquidation of duty free sales in
1994 between the European Union countries was an additional factor [5].
Taking into account the fact that a considerable part of non-aviation revenue
comes from commissions obtained from airport retailers and from
commercial space rentals (the structure of this group of revenue is discussed
in later), the third factor to be indicated is a decline in attractiveness of
airport retail offer compared with competing sales channels, in particular
Internet vendors and platforms.

Fig.1. Airport revenue structure (globally) in the years 2005-20151
Source: [1], [2], [3]

Certain conclusions with regard to the reasons for the observed
tendencies may be drawn on the basis of a detailed data analysis. The data on
individual airports are not published in generally available aggregate reports
or databases; however, some data on certain airports can be found. Figure 2
presents the revenue structure of selected airports. The highest share of nonaviation revenue is recorded by large hub airports, while smaller airports are
characterised by higher share of aviation revenue. The structure of growth in
passenger traffic observed currently in the world has two significant features.
First, the highest dynamics is observed in the developing countries and
second, low-cost airlines are a primary driving force. Recently, these two
1

The data include only operating revenue. The 2005-2012 data are estimated based
on the published revenue from aviation services sales, and the remaining revenue,
including non-operating revenue, are also based on the data from the years 20132015, which are presented in a greater detail, i.e. including the share of nonoperating revenue.
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factors have made the aviation revenue grow faster than those from nonaviation activities. Thus, the reason is the growth in passenger traffic based
on the market segment with a higher general price elasticity of demand,
which translates into proportionately lower interest in the offer made by
entities generating non-aviation revenue for airports. Basing this
development primarily on smaller regional airports, in which the traffic
dynamics is higher than in large hub airports, makes the relative share of this
group of airports grow (they have a higher share of non-aviation revenue in
total revenue).

Fig.2. Revenue structures of selected airports in the world in 2016
* - company managing airports in Norway.
** - Aeroporti di Roma (Rome airports Fiumicino andCiampino).
*** - data for 2015.
**** - data for the first half year 2016.
Source: airports' financial reports and websites.

The changes in proportions between revenue from aviation activities and
revenue from non-aviation activities give some idea of the evolution of
airport business models; however, to make the picture complete, it is worth
focusing on the structure of these two basic categories of airport revenue.

Aviation revenue
Airport charges imposed by airport managements on users, i.e. airlines
are the source of aviation revenue. Airport charges are collected for "the use
of facilities and services, which are exclusively provided by the airport
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managing body and which are related to landing, take-off, lighting and
parking of aircraft, and processing of passengers and freight" [6]. Airport
charges may essentially be divided into two groups: those related to handling
aircraft and those related to passengers (and cargo2) handling. The most
common categories are runway charge, noise charge, emissions charge,
parking charge and infrastructure charges (for example for using boarding
bridges, de-icing facilities etc.).The following charges are most common
among the charges related to passenger handling: passenger charge, security
charge, infrastructure charges (for example for using check-in counters, for
using passenger handling centralised infrastructure, for luggage handling
etc.).
Not all the aforementioned charges are collected by all airports. Some
airport managing companies collect only selected charges from the abovementioned catalogue, while in some airports there are charges not specified
here. It should be emphasised, however, that the categories mentioned here
are the most popular irrespective of the airport geographical location as well
as its business model. And there are also significant differences with regard
to the structure of these charges.

Fig.3. Structure of airport revenue* from aviation activities in 2013
* - 653airports (handling 70% of the world passenger traffic) associated in the
Airports Council International.
Source: [1].

2

The present study focuses on the revenue related to passenger handling because this
group of revenue has a considerably larger share in most airports, and cargo
handling revenue is often marginal in character.
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The revenue form passenger charges and take off and/or landing charges
have the largest share in total revenue. When looking at aviation revenue,
generally, most airports are characterized by a larger share of revenue from
passenger handling rather than aircraft handling. The structure of airport
revenue from sales of aviation services is presented in Figure 3.
The proportion of passenger handling revenue to aircraft handling
revenue has been on the rise for quite a long time. It is connected with a
different character of these charges in the context of operating costs of air
carriers. While the costs of aircraft handling at airports affect the financial
results of airlines, in the case of passenger charges air carriers are only
middlemen – the passenger charge is added to the tariff and the revenue
generated in this way are transferred to airport managing companies (usually
in a 1:1 relation). Thus, the burden of airport charges is shifted to charges
connected with passenger handling, which favourably affects the results of
airlines. Simultaneously, it should be observed that although in most regions
of the world passenger charges have the largest share in aviation revenue, in
the United States the share of aircraft handling charges is bigger, which
results from the American regulatory conditions forbidding the imposition of
the passenger charge (with certain exceptions) [7]. Regional diversity is
presented in Figure 4.

Fig.4. Structure of airport revenue* from aviation activities in 2013 by world regions
* - 653 airports (handling 70% of the world passenger traffic) associated in the
Airports Council International.
Source: [1].

Among the aircraft related charges there are environmental charges
worth mentioning, in particular noise charges. Their growing significance
results from the problems related to the noise emission in the proximity of
airports, which is connected with the growing air traffic volumes. Some

28

airports, at which noise emission poses a serious problem due to their
location, introduce night flights restrictions, or use considerably higher noise
charges for take-offs and/or landings performed in the night time or with
regard to the aircraft of increased noise emission.
Non-aviation revenue
Non-aviation revenue, which in the case of airports with a welldeveloped commercial offer may account for even over 50% of their total
operating revenue, consist of several major components (Figure 5).

Fig.5. Structure of airport revenue* from non-aviation activities in 2015
* - 827 airports (handling 73% of the world passenger traffic) associated in the
Airports Council International.
Source: [8].

Revenue related to the operation of airports shops, car rentals and
catering outlets usually consist of two components: a fixed charge for the
commercial space rental and a turnover-based commission [9]. The item
"space rental" refers to the revenue related to the terminal area rented to
airlines (primarily with regard to the American market).
Commissions and fixed charges acquired from airport shops are the most
important component of non-aviation revenue. This category of revenue has
also been responsible to a large extent for the development of revenue from
aviation and non-aviation activities in recent years. Besides the
aforementioned reasons behind a slower growth rate of non-aviation revenue
in comparison with aviation revenue, operational issues connected with the
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functioning of airports should be mentioned. The requirements related to
increased security and passenger control make passengers spend on the
average less time in the secure area of the airport, which translates into the
decline in the sales dynamics of duty free shops. On the other hand, airports
apply a number of tools to increase their turnovers, for example they set
pedestrian routes in such a way as to make the route from the security
control to the departure gate cut across the commercial area. Another method
is to announce the numbers of departure gates just before the beginning of
boarding so that the passengers are made to wander around the terminal
instead of spending a long timeat the gate, which enhances visits to the
commercial area.

Fig.6. Structure of airport revenue* from non-aviation activities in 2013 by world
regions
* - 653 airports (handling 70% of the world passenger traffic) associated in the
Airports Council International.
Source: [1].

The analysis of non-aviation revenue by the world regions presented in
Figure 6 indicates a significant diversity among the groups of countries. A
special attention should be paid to a small share of commercial revenue
(from shops located on the premises of airports) in North America. On the
other hand, there is a conspicuous relatively large share of this group of
revenue in the revenue of airports in the Middle East, where the commercial
operation due to transfer hub airports like Dubai, Abu Dhabi and Doha is
well-developed. Taking into account the tendencies occurring in this group
of revenue as well as identified threats (in particular, the economic pressure
from alternative channels of distributions like Internet shops), it may be
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assumed that such a structure of non-aviation revenue will become a
challenge for the Middle Eastern airports.
Certain features of the revenue structure indicated in Figure 6 should be
emphasized here. Due to a specific character of travelling in the United
States, the share of revenue from car parks and car rentals is relatively high
in the American airports.
Conclusions
The largest transfer hub airports in the world are characterised by a
relatively high level of non-aviation revenue (usually about 50% or more of
total revenue); however, in the case of smaller airports this group of revenue
is considerably lower. It concerns primarily small airports which are unable
to generate a financial surplus based on aviation revenue. It seems that,
especially in the case of such airports, searching for additional sources of
revenue through the extension of non-aviation activities is particularly
recommendable.
With regard to aviation revenue, a further growth may be expected in the
significance of charges related to the number of passengers with a
simultaneous decline in the share of aircraft-related charges, which will be a
favourable process from the perspective of airlines, while the passengers will
be burdened with higher airport charges.
The structure of non-aviation revenue will affect the financial results of
airports in the future. The airports which to a large extent rely on the revenue
from retail trade on their premises will have to face a weakening dynamics in
this field.
At present, it cannot be stated that either of the two basic categories of
airport revenue, i.e. revenue from aviation and non-aviation activities, is
more significant for the airport sector from the perspective of strategic
management of these entities. While the rise in the share of non-aviation
revenue (in the airports which have not achieved the level of saturation yet)
is important as an element of building their revenue base, in the majority of
airports most revenue comes from the sales of aviation services.
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Abstract
This paper presents a methodology for route selecting in the planning and
designing of railway alignment based on the Multi Criterion Decision
Process. The proposed methodology provides usage of Multi-Criteria
Analysis, examines the advantages and disadvantages of the considered
methods, and explains how their common applications relate to their relative
strengths and weaknesses. Final result of the Multi-Criteria Analysis is
selection of the most suitable route in accordance with the adopted criterion
and existing constraints. The developed methodology is based on three
different methods for Multi-Criteria Analysis, notably Weighted Sum Model
– WSM, AHP method (Analytic Hierarchy Process) and VIKOR method.
Evaluation is performed for railway alignment of two alternatives on the
Corridor 10, on the section from station Dracevo (Skopje) and station Veles.
The results confirm pertinence and usefulness of Multi – Criteria Analysis.
Keywords: planning and designing, railway alignment, alternative
selection, multi criterion decision making, Weighted Sum Model, Analytic
Hierarchy
Process,
VIKOR
method.
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INTRODUCTION
Multi-Criterion Decision Analysis, or MCDA, is a valuable tool that
we can apply to make many complex decisions. It is most applicable to
solving problems that are characterized as a choice among several
alternatives. It has all the characteristics of a useful decision support tool: It
helps to focus on what is important, is logical and consistent, and is easy to
use. Generally, when the transport infrastructure project is selecting the
usual procedure is to search for a solution by considering various variants.
The most frequently applied selection methods in the first stage of the
project development are based on the technical and socio -economic criteria
and the usage of multi-criterion analysis. In the case when the multi-criterion
decision-making is applied, the results of the technical and socio-economic
analysis (specific costs) are treated as one of the criterion.
The developed methodology is based on usage of three different methods for
multiple criterion decision making, Weighted Sum Model – WSM, AHP
method (Analytic Hierarchy Process) and VIKOR method. The assessment
and selection of a new railway alignment through MCDA concern the
railway section between station Dracevo (Skopje) and station in Veles.
The following criteria are adopted for successful application of these
methods in practice:
- Investment costs for construction,
- Management and maintenance cost,
- Capacity of railway line for each alignment,
- Duration of construction works,
- Environmental impact.
In the table below are shown all criteria that are taken into account for
making multi - criterion analysis, and each criterion is expressed in his
natural scale.
Table 1. Considered criteria expressed in natural scale

Alternative

160_24d
120_24s

Construction
Investments
(€*10⁶)
653
530

Criterion
Cost management Capacity
and maintenance
of the rout
(€*103)
(trains)
+
591
32.7
585
31.1
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Duration of
construction
work
(points)
+
20
30

Impact of the
environment
(points)
+
50
55

WEIGHTED SUM MODEL – WSM
In decision theory, the weighted sum model (WSM) is the best known and
simplest multi – criterion decision analysis method for evaluating a number
of alternatives. It is very important to state here that it is applicable only
when all the data are expressed in exactly the same unit.
Since the criteria are given in their natural scale, it is necessary to make their
normalization, i.e. transformation of matrix with natural measurements into
zero matrix. In the zero matrix it is important to define if the criterion is best
rated with maximum or minimum value, i.e. to ascertain whether to make
maximization or minimization of criterion. The weight coefficients for each
criterion should be also adopted. The zero multi - criterion matrix is shown
in the following table:
Table 2. Zero multi – criterion matrix

Alternative

Construction
Investments

160_24d
120_24s
coefficient

0.81
1.00
32.50%

Criterion
Cost management and Capacity
maintenance of the
rout
+
0.99
1.00
1.00
0.95
18.00%
22.50%

Duration of
construction
work
+
0.67
1.00
14.00%

Impact of the
environment
+
0.91
1.00
13.00%

Since the zero multi - criterion matrix has been determined, the next step is
to calculate the global sum for each alternative and select an optimal
alternative solution:
Alignment alternative 160_24d = 0.81*32.50% + 0.99*18.00% +
1.00*22.50% + 0.67*14.00% + 0.91*13.00% = 0.88
Alignment alternative 120_24s = 1.00*32.50% + 1.00*18.00% +
0.60*22.50% + 1.00*14.00% + 1.00*13.00% = 0.99
Following the calculations for each alternative, it is evident that alternative
120_24s has higher global sum than alternative 160_24d, which means that
alternative 120_24s is higher ranked alternative, i.e. according to the terms
of considered criteria and adopted weight coefficients, it is recommend the
choice of variant 120_24d in the process of further design stage.
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ANALYTIC HIERARCHY PROCESS
Analytic Hierarchy Process (AHP) is a structured technique for organizing
and analyzing complex decisions, based on mathematics and psychology. It
was developed by Thomas L. Satty in the 1970s and has been extensively
studied and refined since then.
Users of the AHP first decompose their decision problem into a hierarchy of
more easily comprehended sub – problems, each of which can be analysed
independently. The elements of the hierarchy can relate to any aspect of the
decision problem – tangible or intangible, carefully measured or roughly
estimated, well or poorly understood – anything at all that applies to the
decision at hand. Once the hierarchy is build, the decision makers
systematically evaluate its various elements by comparing them to each
other two at a time, with respect to their impact on an element above them in
the hierarchy. The four successive steps for application of AHP of the
mentioned railway project are followings:
Step 1. Calculate the selected criterion for assessing project
performance.
Table 3. Criterion in natural scale

Alternative

160_24d
120_24s

Construction
Investments
(€*10⁶)
653
530

Criterion
Cost management Capacity
and maintenance
of the rout
(€*103)
(trains)
+
591
32.7
585
31.1

Duration of
construction
work
(points)
+
20
30

Impact of the
environment
(points)
+
50
55

Step 2. Analysis of individual criterion and determining their
weight coefficients
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Table 4. Table of Saaty

The analysis is done for each criterion separately, depending on the value
that has given appropriate criterion for alternatives. For this analysis is very
important to determine whether the observed criterion is most favourable
when it has maximum or minimum value, ie to determine whether it is
necessary the criterion to be maximized or minimized.
-

K1 – Investment for the construction
Table 5. Comparison matrix for K1

-

Alternative

160_24d

120_24s

SUM

160_24d
120_24s
∑

1.00
5.00
6.00

0.20
1.00
1.20

1.20
6.00
7.20

Average
value
0.17
0.83
1.00

K2 – Management and maintenance costs
Table 6. Comparison matrix for K

Alternative 160_24d 120_24s
160_24d
120_24s
∑

1.00
0.33
1.33

3.00
1.00
4.00
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SUM
4.00
1.33
5.33

Average
value
0.75
0.25
1.00

-

K3 – Capacity

Table 7. Comparison matrix for K3

Alternative 160_24d 120_24s SUM Average
value
160_24d
1.00
5.00
6.00
0.83
120_24s
0.20
1.00
1.20
0.17
∑
1.20
6.00
7.20
1.00
-

K4 – Duration of construction work
Table 8. Comparison matrix for K4

Alternative 160_24d 120_24s SUM
160_24d
120_24s
∑
-

1.00
0.50
1.50

2.00
1.00
3.00

3.00
1.50
4.50

Average
value
0.67
0.33
1.00

K5 – Impact on the environment
Table 9. Comparison matrix for K5

Alternative 160_24d 120_24s
160_24d
120_24s
∑

1.00
0.50
1.50

2.00
1.00
3.00

SUM
3.00
1.50
4.50

Average
value
0.67
0.33
1.00

Step 3. Creating comparison matrix
Considering the defined purpose, for each pair of criterion should be
submitted value of importance of one criterion over another in the evaluation
matrix (comparison).
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Weight coefficients on the level of criterion
Table 10. Sorting matrix

Comparison
of criterion
К1
К2
К3
К4
К5

К1

К2

К3

К4

К5

SUM

1.00
0.20
0.33
0.14
0.14

5.00
1.00
0.33
0.33
0.25

3.00
3.00
1.00
0.33
0.14

7.00
3.00
3.00
1.00
0.25

7.00
4.00
7.00
4.00
1.00

23.00
11.20
11.67
5.81
1.79

Average
Value
0.430
0.209
0.218
0.109
0.033

.
Table 11. Normalized sorting matrix
Normalization

Comparison
of criterion

К1

К2

К3

К4

К5

К1
К2
К3
К4
К5

0.55
0.11
0.18
0.08
0.08
1.00

0.72
0.14
0.05
0.05
0.04
1.00

0.40
0.40
0.13
0.04
0.02
1.00

0.49
0.21
0.21
0.07
0.02
1.00

0.30
0.17
0.30
0.17
0.04
1.00

SUM
2.47
1.04
0.88
0.42
0.19
5.00

Weight
coefficient

0.494
0.208
0.176
0.083
0.039
1.000

Step 4. Calculation with combined weighted with weight coefficients.

The combined weighted with weight coefficients is done by taking the
weight ratios of each criterion provided in table 11 and the weight
coefficients obtained for each criterion separately with his comparison
in terms of both alternatives, which are presented in the above tables
and graphs. The final score and ranking are calculated according
following steps: weighting criterion obtained for each criterion
separately in the analysis of two alternative solutions. Finally
weighted coefficients are summed and the final results are calculated,
based of which can be done ranking of alternative solutions.
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Table 12. Final score

CALCULATION WITH COMBINED WEIGHT WITH WEIGHT COEFFICIENTS
Weight 1

0.494
Investment
costs

Weight 2

€

0.208
Management
and
maintenance
costs
€

0.176

0.083

0.039

Capacity

Duration of
construction
work

Impact on the
environment

+
trains

+
points

+
points

160_24d

0.17

0.75

0.67

0.75

0.67

120_24s

0.83

0.25

0.33

0.25

0.33

Investment
costs
€

Management
and
maintenance
costs
€

Capacity

Duration of
construction
work

Impact on the
environment

+
trains

+
points

+
points

FINAL
RESULT

RANKING

160_24d

0.08

0.16

0.12

0.06

0.03

0.44

2

120_24s

0.41

0.05

0.06

0.02

0.01

0.56

1

From the performed calculations by AHP method, it is evident that
alternative 120_24s is better solution than alternative 160_24d.
VIKOR method
VIKOR method is a multi – criteria decision making or multi – criteria
decision analysis method. It was originally developed by Serafim Opricovic
to solve decision problems with conflicting and non commensurable
(different units) criteria, assuming that compromise is acceptable for conflict
resolution, the decision maker wants a solution that is the closest to the ideal,
and the alternatives are evaluated according to all established criteria.
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Table 13. Initial decision matrix

160_24d
120_24s
fi*

К1
(€*10⁶)
1.00
0.00
530.00

fiDi

653.00
- 123.00

Alternative

К2
(€*10ᵌ)
1.00
0.00
585.00

Criteria
К3
(trains)
0.00
1.00
32.7

К4
(points)
1.00
0.00
30

К5
(points)
1.00
0.00
55

591.00
6.00

31.1
1.6

20
10

50
5

For further implementation of multi - criteria decision making is required
that all criteria can be assigned relative weights or weight factors that
determine their meaning. In this analysis to define the weighting method
used for the simulation of structural preferences, so that for the values of the
weight coefficients are proposed five scenarios:
-

-

-

Scenario I: All of the criteria have the same importance, so they
have same weight ratio.
Scenario II: Priority is given to the economic and transport criteria,
so that the heist value of weighting is given to the criteria K1, K2
and K3, and lowest value of the criteria K4 and K5.
Scenario III: Priority is given to the economic aspect, so that the
highest value of weighting is given to the criteria K1 and K2, and
lowest to the criteria K4 and K5.
Scenario IV: Priority is given to traffic aspect and the highest value
of weighting is given to criterion K3.
Scenario V: Priority is given to the environmental aspect, so the
highest value of the weighting is given to the criteria K4 and K5.
Table 14. Values of the weight coefficients for the proposed scenarios

Weight
Coefficients
w1
w2
w3
w4
w5

SC1
1
1
1
1
1

Scenarios
SC2
SC3 SC4
3
3
2
3
3
2
3
2
3
2
2
2
2
1
1
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SC5
2
2
2
3
3

Based on fundamental relations of the program package VIKOR and adopted
weight for strategy making, v=0.5 has been obtained the following final
decision matrix and ranking:
Table 15. Ranked list of alternative solutions for the route of the proposed scenarios

Ranking
1
2

Scenarios
SC I
SC II
SC III
SC IV
SC V
120_24s 120_24s 120_24s 120_24s 120_24s
(0,5)
(0)
(0)
(0,5)
(0)
160_24d 160_24d 160_24d 160_24d 160_24d
(0,5)
(1)
(1)
(0,5)
(1)

The results of the ranking show that alternative 120_24s is more favourable
alternative solution for scenarios 2, 3 and 5, while scenarios 1 and 4 rang
both alternatives as same. Summing the results we have come up with a
solution that better solution is alternative 120_24s and it is proposed as a
compromise solution.
CONCLUSION
The most popular methods employed in the process of decision making are
multi criteria analysis (MCA) and cost – benefit analysis (CBA). The usage
of MCA is appropriate in the first planning stage of project, named pre –
feasibility study, while the CBA is often used in the feasibility study and for
final stage of decision making. The common particularity of each MCA
method is that they apply weight coefficients for each criteria, which shall
pose difficulties regarding independence of results coming from MCA.
Finally this paper was intended to achieve several goals. First was described
the application of multi – criteria analysis in making decision to select the
best route for a railroad. Second, multi - criteria analysis were applied on a
present case to choose the route for the rail using three different methods
(Weight Sum Method, AHP method and VIKOR method).
Based on the foregoing it can be concluded that multi – criteria analysis
represent a flexible solution intended for users who can successfully use only
with a specific definition of the appropriate criteria and alternatives.
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Abstract
More than 14 million tourists visit the Republic of Croatia annually.
However, it is road traffic that is dominant, i.e. most tourists arrive in
personal cars, so there is a discrepancy in demand for services of particular
transport modes. Accordingly, this scientific debate will explore the
correlation between the number of tourist arrivals and transport demand for
certain transport modes in Croatia, measured by static and dynamic
operating indicators in passenger traffic. The proposed study can be used to
determine the actual contribution of tourist arrivals to the development of
passenger transport demand and to point out imbalance in transport demand
resulting from forced and aggressive construction of modern road
infrastructure. Research results are based on methods of descriptive statistics
and statistical method of correlation and regression analysis.
Keywords - tourist arrivals; traffic demand; passenger traffic;
correlation

INTRODUCTION
Traffic demand represents the total demand for transport or transfer
services of different entities (people, goods, packages, information) using
different types of transport at a defined price over a given time period [1].
Demand for passenger traffic is motivated by the benefit of the passenger
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[2]. Physical indicators for demand in passenger traffic are: the number of
passengers, passenger kilometers, number of vehicles, etc. In order to
estimate transport demand, most commonly used method in research
analyzes the ratio of gross domestic product and passenger and freight traffic
[3]. Since the Republic of Croatia is a tourism-friendly country, with almost
a fifth of GDP generated by tourism, it seems appropriate to explore the role
of tourism as the generator of demand for passenger traffic. The basic
hypothesis of this paper is that due to domination of personal vehicles in
tourist arrivals to Croatia, there is a significant imbalance in demand for
passenger traffic. The average annual daily turnover on Croatian motorways
in summer is twice the average annual daily turnover[4]. However, the focus
here will not be on the analysis of correlation between the number of tourist
arrivals and traffic demand measured by the number of vehicles on Croatian
roads, but an analysis of the correlation between the number of tourist
arrivals and traffic demand for passenger transport measured by the number
of passengers carried and the passenger kilometersachieved.
THEORETICAL FRAMEWORK, PROBLEMS AND METHODOLOGY
OF RESEARCH
Traffic demand occurs over a period of time and is linked to economic
activity. In some cases, traffic demand is stable and recurring and it can be
accurately predicted for the future. In other cases, traffic demand is unstable
and unpredictable and it is difficult to predict and determine the appropriate
level of service. Traffic demand is the function of that what is transported: 1)
Passenger (demand for passenger transport is determined by population,
income level, quality of life, preferences of transportation, etc.); 2) cargo
(demand for freight transport is more complex and is usually the function of
economic activities (GDP, industrial and agricultural production, foreign
trade), 3) information (demand for telecommunication traffic is the function
of several factors, such as number of inhabitants (number of telephone
connections) and the volume of financial activities (stock exchange), quality
of life and level of education) [1].
When considering the demand for passenger traffic in Croatia, it is necessary
to observe the following: demand for tourist travel generates significant
traffic demand. Croatian coast is the most common destination for tourist
travel, especially during the summer season. Methods of tourist arrivals are
presented in Fig 1.
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Fig. 1. Methods of tourist arrivals in Croatia [5]

Fig 1 shows that 88% of tourists come by road. There are several reasons for
this - proximity to major emissive markets, good development of road traffic
and poorer development of other forms of traffic. Due to this fact, during the
summer season there are frequent standstills on Croatian roads, especially in
vicinity to tourist towns such as Split, Dubrovnik, Pula, Poreč, Rovinj.
The volume of transport services in passenger traffic is usually expressed in
natural static and dynamic operating indicators [3]. Static operating indicator
of passenger transport is the number of passengers carried. Dynamic
indicator is quantitatively expressed by the number of passengers and
transport distance (passenger-kilometers). Accordingly, brief descriptive
statistics for both traffic indicators will be given further on.
Based on collected data from the Statistic Yearbooks of the Republic of
Croatia [6] for the period 1996 – 2015, brief descriptive analysis of the total
number of passengers carried was made (cf. Table 1).
Table 1. Descriptive statistics of the total number of passengers carried, 1996-2005.
(000)
Total
MEAN case 1-20

116461,8

MEDIAN case 1-20 114458,5
17669,36

SD case 1-20

VALID_N case 1-20 20
SUM case 1-20

2329236

MIN case 1-20

88810

MAX case 1-20

148215

_25th% case 1-20

106691

_75th% case 1-20

122842
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The average number of passengers carried at the annual level in the observed
period is 116.46 million passengers (SD = 17.66). The smallest number of
passengers was transported in 2015, with only 88.8 million passengers,
23.74% less than the annual average. Certainly the change in methodology
for tracking passenger transport in rail traffic has contributed to this drop.
Namely, since the third quarter of 2006, the total number of passengers
included subsidized tickets (highschool and university students, pensioners,
citizens with social benefits) according to the Contract for subsidies when
railway transport became a part of public passenger transport system in the
city of Zagreb. From 1/07/2011subsidized tickets were excluded from
monitoring and the calculation is now based on the number of sold tickets
and passes for the city and suburban transport. The smaller number of
passengers carried coincides with the outbreak of the great economic crisis,
as shown in Fig 2.

Fig 2. Trending of transported passengers with a moving average for two periods,
1996-2015.[6]

Based on collected data from the Statistic Yearbooks of the Republic of
Croatia for the period 1996 – 2015, brief descriptive analysis of the total
number of passenger kilometers was made.
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Table 2. Descriptive statistics of the total number of passenger kilometers,
1996-2005. (mill. per km)
Total
MEAN case 1-20

6638,3

MEDIAN case 1-20 6484,5
721,87

SD case 1-20

VALID_N case 1-20 20
SUM case 1-20

132766

MIN case 1-20

5404

MAX case 1-20

8339

_25th% case 1-20

6262

_75th% case 1-20

7059

The average number of passenger kilometers per annum in the observed
period is 6.63 billion (SD = 0.721 billion). The lowest number of passenger
kilometers occurs in 1999, reaching only 5.4 billion passenger kilometers,
which is 18.6% less than annual average. Lower number of passenger
kilometers after 2008 also coincides with the outbreak of the great economic
crisis, which can be seen in Fig 3.

Fig. 3. Trending of total passenger kilometers with moving average for two
periods, 1996 – 2015 (mill.) [6]
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Based on the collected data from the Statistic Yearbooks of the Republic of
Croatia for the period 1996-2015 about traffic demand trends for passenger
traffic of certain transport sectors, measured by static and dynamic operating
indicators, a correlation analysis will be made between the indicators of the
realized work in passenger traffic and the number of tourist arrivals.
RESEARCH RESULTS AND DISCUSSION
According to the collected statistical data, a correlation matrix was
created to determine the direction and strength of correlation between the
number of passengers carried in individual traffic branches and the total
number of transported passengers as dependent variables and tourist arrivals
as an independent variable (cf. Table 3).
Table 3. Correlation matrix of number of passengers transported by traffic
branches and total number of passengers and number of tourists
Correlations (Spreadsheet3) Marked correlations are significant at p < ,05000 N=20
(Casewise deletion of missing data)
Rail

Means

Std.Dev. Rail

40323,9

16598,88 1,000000 -0,18946

Road

Sea

Air

Total

TA

0,403015 0,537562 0,907272 0,350701

Road 63851,8

9814,19

-0,18946 1,000000 -0,857878 -0,733149 0,233687 -0,864490

Sea

10639,0

2527,15

0,403015 -0,85787

1,000000 0,949536 0,072414 0,994502

Air

1647,1

507,78

0,537562 -0,73314

0,949536 1,000000 0,262322 0,930456

Total 116461,8 17669,36 0,907272 0,233687 0,072414 0,262322 1,000000 0,018263
TA

10724,0

2625,76

0,350701 -0,864490 0,994502 0,930456 0,018263 1,000000

Based on data from Table 3, there is a statistically strong and positive
correlation between the number of passengers carried in maritime traffic (r =
0.99) and air traffic (r = 0.93) and the number of tourist arrivals, as well as a
statistically strong but negative correlation between the number of tourist
arrivals and passengers carried in road traffic (r = -0.86). Between the total
number of passengers carried and the number of tourist arrivals, the absence
of correlation is almost apparent (r = 0.01). There is a weak and positive
correlation between the number of passengers in rail traffic and the number
of tourist arrivals (0.35).
According to the collected statistical data, a correlation matrix was created to
determine the direction and strength of correlation between the number of
passenger kilometers in individual traffic branches and the total number of
passenger kilometers as dependent variables and the number of tourist
arrivals as an independent variable (Table 4).
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Table 4. Correlation matrix of realized pkm per traffic branch and total
number of passenger kilometers and number of tourist arrivals
Correlations (Spreadsheet2) Marked correlations are significant at p < ,05000 N=20
(Casewise deletion of missing data)
Means
Rail

Std.Dev. Rail

Road

Sea

Air

Total

TA

1284,90 275,190 1,000000 -0,013371 0,012289 0,496394 0,717694 0,250504

Road 3600,30 352,953 -0,013371 1,000000 -0,435474 -0,324914 0,189146 -0,467087
Sea

448,60

118,530 0,012289 -0,435474 1,000000 0,657831 0,407852 0,935622

Air

1304,50 495,880 0,496394 -0,324914 0,657831 1,000000 0,825326 0,847138

Total 6638,30 721,868 0,717694 0,189146 0,407852 0,825326 1,000000 0,602679
TA

10724,00 2625,762 0,250504 -0,467087 0,935622 0,847138 0,602679 1,000000

Based on data from Table 7, there is a statistically strong and positive
correlation between the number of passenger kilometers in maritime traffic (r
= 0.93) and air traffic (r = 0.84) and the number of tourist arrivals, as well as
the statistically weak and negative correlation between the number of tourist
arrivals and passenger kilometers in road traffic (r = -0.46). Between the
total number of passenger kilometers and the number of tourist arrivals, there
is a positive correlation of medium intensity (r = 0.60). Also, a slight and
positive correlation between the number of passenger kilometers in rail
traffic and the number of tourist arrivals (0.25) is apparent.
CONCLUSION
The statistic yearbooks of the Republic of Croatia in the period from
1996 to 2015 show that greater economic growth was followed by greater
demand for passenger transport, measured by static and dynamic operating
indicators, i.e. the intensity of demand for passenger transport during the
economic crisis (from 2008on) was in a continuous decline. The lowest
passenger traffic measured by the number of passengers carried was
recorded in 2015 and measured by passenger kilometers in 1999. The best
passenger traffic measured by the number of passengers carried and
passenger kilometers was recorded in 2008. The results of the correlation
analysis confirmed the existence of a strong and positive correlation between
the number of passengers transported and the passenger kilometers in
maritime and air traffic on the one hand and the number of tourist arrivals on
the other. The correlation between the number of passengers carried and the
passenger kilometers achieved in rail traffic is positive but weak. The
correlation between passenger road traffic and the number of tourist arrivals
is negative. There is no correlation between the total number of passengers
carried and the number of tourist arrivals. This can be explained by the fact
that the largest number of tourists are using a personal vehicle for travel to
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Croatia. Thus, the obtained results suggest a concise conclusion that a
developed road infrastructure, maritime and air transport form the basis of
tourist development of the Republic of Croatia.
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Abstract
Mathematics has left an indelible mark on human history from the first
civilizations to present days. It influenced all branches of science and
economics with its revolutionary discoveries and achievements. Mankind
quickly understood that sea was source of food that provided possibility for
trade, and also faster path between two places on earth’s surface. Therefore,
the development of seamanship and mathematics can be parallelly observed;
from the ancient Greek where the foundations of astronomical navigation
and trigonometry have been laid throughout the loxodrome and the
Newton’s laws, to today's application in modern technology. Numerous
electronic navigation devices apply mathematical models to calculate the
ship's stability and navigational paths. Such calculations are often facilitated
with the creation of tables. Therefore, the aim of this paper is to determine
the importance of mathematics in maritime education, not only to keep the
maritime transportation safe, but also to keep it economically effective.
Keywords - mathematics; maritime transport; education; sailors

INTRODUCTION
Maritime and mathematics are constantly intertwined, creating a strong
link between science and the economy. Mathematics is the key of the
maritime affairs development as it has been applied in various discoveries
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and achievements towards safer and more efficient maritime traffic. Lives of
modern sailor cannot be imagined without application of the spherical
trigonometry, Arabic numerals, Cartesian coordinate system, loxodrome,
orthodrome, etc. Maritime affairs without all those mathematical insights,
would be lagging as an economic branch and would be condemned to ruin
[1].
The modern sailor has become occupied with paperwork and numerous
documents to sign, read, and archive. One relies more on electronic devices
with applied mathematical formulas, and rarely employs astronomical
navigation, while terrestrial navigation is often ignored for the sake of the
workload. However, every electronic device may give an inaccurate result,
any astronomical position may be inaccurate if the sign is omitted from the
input data, and each navigational course may be significantly different from
one on the map if affected by the wind force or sea current. Therefore,
modern sailor must understand mathematics in order to successfully carry
out any navigation venture.
MATHEMATICS IN NAVIGATION
Maritime affairs are one of the oldest economic branches. Mankind
quickly understood that sea was source of food that provided possibility for
trade, but also a way for spreading their territorial boundaries. Earliest
civilizations knew how to orient oneself with the help of stars and visible
land, setting foundations for an astronomical and terrestrial navigation.
Mathematical laws have been applied from the beginnings where man had
floated on the wood log using hands to move, to the most modern ships we
are using today. Tasks such as calculating the position of the ship, the height
and the ephemeris of the celestial bodies, and even modern cargo loading
programs, can be reduced to several tables instead of the countless pages of
mathematical formulas. Wind, sea currents and waves can be mathematically
represented with vectors, the celestial sphere can be represented as a circle
with coordinates, while the navigation maps are actually Cartesian
coordinate systems. In that way mathematics and maritime affairs are
inextricably linked, making a bond as old as seafaring.
Astronomical navigation applies various mathematical methods to
determine the position of a ship, aircraft or a person on Earth's surface. Up
until the invention of the radio waves and recently GPS, such position could
not be determined at night without determining the height of the known
celestial bodies. Those heights are converted into stands and drawn to a
simple Cartesian coordinate system to obtain the position of the ship.
Calculations would not be possible without the use of algebra, geometry and
spherical trigonometry [2].
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Fig.1. Illustration of intersection of the circle and line for the position selection [3].

Terrestrial navigation is the method which determines the position of the
ship by observing natural or artificial terrestrial objects or by measuring the
depth. Objects are aligned with the plate mounted on a gyrocompass, and the
distance from the object is measured on the map using the navigational
divider. Thus obtained position is a combination of the circle and the line,
and the ship is positioned in the intersection. The best position is obtained by
using an intersection of three circles or lines as it has the lowest deviation.
During the navigation on loxodrome (great circle), three loxodromic
triangles are used to calculate the distance to the destination harbour [4, 5].

Fig.2. Illustration of savings for loxodrome and orthodrome navigation [6].

Electronic navigation was implemented during the Second World War
with a goal of easing the work of a man and reducing the number of
accidents. International Maritime Organization in 2006 decided to include a
well-defined strategy for the integration of new and existing navigational
devices in order to increase the safety during navigation. Past few decades
brought a number of technological advances with extensive digitalization of
machinery and equipment. Modern ships use digital equipment such as
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Automatic Identification System (AIS), Electronic Chart Display and
Information System (ECDIS), Integrated Bridge System (IBS), Automatic
Radar Plotting Aid (ARPA), Global Maritime Distress Safety System
(GMDSS) and several other sophisticated electronic navigation tools. The
main objective of such concepts is to develop a system that can properly
organize all relevant data in one place and improve safety of navigation.
Such tools are used to solve navigational problems, but sailor must be
cautions while using those systems as each program that runs on some
algorithm acquires input variables. Too much reliance on electronic devices
can jeopardize the safety in case of their failure, so the modern sailor must
understand the operating principles and mathematical calculations behind the
program and do not rely on electronic devices as much [7].
MATHEMATICS OF SHIP STABILITY
Stability is ability of the ship to return to the previous position after an
inclination or a tug [8]. Positive stability would mean returning to an upright
position, and negative would indicate its overturn. The physical law of
buoyancy was discovered by the ancient Greek mathematician Arhimed.

Fig.3. Illustration of Archimedes’ principle [9].

It states that the upward buoyant force that is exerted on a body immersed
in a fluid, whether fully or partially submerged, is equal to the weight of the
fluid that the body displaces and acts in the upward direction at the centre of
mass of the displaced fluid. Buoyant force is therefore the reason why bodies
float in the fluid and as such is a starting point for understanding the ship's
stability [10].
The basic terms and reference points that seafarer uses to calculate the
stability of a ship are:
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Keel point (K) that represents the value of 0 in the imagined
Cartesian coordinate system showing the main rib section. All
distances used in further calculations are measured from this point.
Metacentric radius (B) that is the centre of all the buoyancy forces
which affect the underwater part of the ship. It is located at the centre
of the repressed fluid mass. The buoyancy force acts vertically
upwards.
The centre of gravity (G) where all the weight of the ship is
concentrated. The force of gravity acts vertically downwards.
Metacentre (M) that is imaginary point where the buoyancy force
crosses the ship's longitudinal axis.
Distance between points K and B (KB) that indicates the height of
point B.
Distance between points K and G (KG) that indicates the height of
point G.
Distance between points K and M (KM) that indicates the height of
point M.
Metacentric radius (BM), an imaginary curve obtained from motion
of point B during the boat swinging, with its centre is in the point M.
Metacentre remains in the same place for angles up to 12° for which
it is called the true metacentre, while for angles greater than 12° it
moves on the metacentric curve being called the apparent metacentre.
Movement of the metacentre results with movement of the
metacentre radius.
Metacentric height (GM) obtained by subtracting the distance of the
metacentre from the keel (KM) and the distance of the keel centre
from the centre of gravity (KG). This value is the most important for
the stability calculations because it indicates the period of ship
swinging. The maximum and minimum permitted metacentric height
for all types of ships are prescribed by the International Maritime
Organization.

Fig.4. Illustration of reference points used to calculate the ship stability [11].
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CONCLUSION
Maritime transport belongs to the most important transport sectors as it
represents the most economical way of transporting goods over far distances.
Safety of navigation, crew members and passengers are the priority of each
officer, for which many electronical devices, tables, formulas are needed.
Greater awareness of the application of mathematics on board can increase
the safety of the ship's navigation. Nautical charts, annuals, loxodromic
triangles, altitude methods for calculation of celestial bodies have already
been learned and applied by Tales, Hiparh, Newton, Descartes, and many
other.
Some greatest and most significant maritime discoveries such as
Columbus's discovery of America, the development of the best sailing ship
known as clipper, the opening of new maritime routes to India and America,
and the construction of the Suez and Panama Canals would not be possible
without the assistance of mathematicians.
The crown of applied mathematics in maritime affairs certainly is the
stability of the ship itself. The Greek mathematician and physicist described
the conditions of floating vessel that apply to all submerged bodies.
Modelling of the ship stability acquires complex mathematical calculations
where any error can lead to catastrophic consequences not only for the ship,
but for the people, cargo or environment. Therefore, many easy-to-handle
charts containing all the formulas, functions and performances needed for
calculus of stability have been introduced in order to reduce human errors.
Any calculations would not be possible without the use of algebra, geometry
and spherical trigonometry, which use is stated and presented with this paper.
Despite the fact that the foundations of mathematics had been set in
ancient times, its application in maritime affairs is unquestionable. Further
development of mathematics will also develop seamanship, jointly writing
the new pages of history.

REFERENCES
[1] Stanivuk, T., Galić, S., Bojanić, M., Mathematics as a Science and
Marine Activity Follow Each Other Throughout History, Transactions
on Maritime Science, 2017, 06(01).
[2] Lušić, Z., Astronomska navigacija, Faculty of Maritime studies
University of Split, Croatia, 2012.
[3] Onboard Marine Software. (accessed 10 January 2018). Available:
http://onboardintelligence.com/CelestialNav/CelNav5.aspx
[4] Simović, A., Terestrička navigacija, Školska knjiga, Croatia, 2001.

58

[5] Stanivuk, T., Relja, A., Bajrić, I., Krivulje u pomorskoj navigaciji, VI
International Symposium New Horizons 2017 of Transport and
Communications, Doboj, 2017, 580-586.
[6] Images. (accessed 11 January 2018). Available:
http://images.maritimeprofessional.com/images/storage/rhumb-a.jpg)
[7] Tatley, L., Calcutt, D., Electronic Navigation Systems, ButterworthHeinemann, Oxford, 2007.
[8] Stanivuk, T. et al., Modeliranje brodske ravnoteže i njihanja nastalog
utjecajem morskih valova, XV Međunarodno savjetovanje „Saobraćajni,
ekološki i ekonomski problemi i perspektive rješavanja u zemljama
zapadnog Balkana s osvrtom na Bosnu i Hercegovinu”, 2017, 325-360.
[9] Encyclopædia Britannica, Inc. (accessed 12 January 2018). Available:
https://www.britannica.com/science/Archimedes-principle
[10] Buzov, I., Moderni pomorac razumije nastanak pomorstva i važnost
primjene matematike, Faculty of Maritime studies University of Split,
Croatia, 2017.
[11] Course plato. (accessed 12 January 2018). Available:
http://plato.is/stability_of_fishing_vessels/equilibrium/

59

DOI 10.20544/TTS2018.P07
UDK 711.7:502.131.1(497.774)

CITY OF BITOLA TOWARD URBAN
SUSTAINABILITY¹
Jasmina Bunevska Talevska
St. Kliment Ohridski University - Bitola
Faculty of Technical Sciences - Bitola
Makedonska Falanga 33, Bitola, Macedonia
jasmina.bunevska@tfb.uklo.edu.mk

Mile Biljanovski
City of Skopje
Bul.Ilinden br.82, 1000 Skopje
Abstract
The current urban planning principles are based on the renewal and use of
the cities’ available potentials, with the aim of their sustainable
development. Today, as many authors have stated, there is no doubt that
urban reconstruction is a much better direction for the development of smart
cities since numerous challenges threaten the ability of cities to become
viable pillars of sustainable development. The main objective of this paper is
to define the urban sustainability directions of the city of Bitola, R.
Macedonia, on its road towards development as a compact city, a compact
environment with high density population and mixed functions, as well as to
underline the principles and assessment procedure for the revitalization of
the city center in Bitola as a sustainable urban form.
Keywords - urban sustainability; compact city; mixed functions
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TOWARD URBAN SUSTAINABILITY
Urban sprawl is a serious worldwide issue that damages ecosystem
services as well as polluting the environment, creating separation between
the classes and increasing energy use. The reasons behind urban sprawl can
be located in the growing number of inhabitants within a city, as well as their
preferences in terms of housing and the need to feel safe and secure in their
neighborhoods.
Urban sprawl is a growing issue due to road infrastructure, created mainly
to serve the needs of automobiles, as well as the government’s support of the
expansion of cities. However, awareness is growing as to the negative effects
of this phenomenon, while governments are trying to achieve compactness in
cities as a way to battle urban sprawl [1].
The key maintainers of sprawl are road infrastructure designed with
automobile use in mind and the government's intentional and unintentional
support for city expansion. Many cities are beginning to comprehend the
negative impacts of urban sprawl, and governments are working towards
shifting from sprawling of cities to development towards a more compact
structure. Therefore, it is important to understand the sustainability of cities
as a broader concept which integrates three key features – society, economy
and environment (Figure 1), which refers to the management and investment
decisions taken by municipal authorities in coordination with national
authorities and institutions.
The concept of sustainable cities and its connection to sustainable
development have been discussed since the early 1990s. In 1991, the United
Nations Centre for Human Settlements – UNCHS, with the Sustainable
Cities Programme, attempted to define a sustainable city as one where
achievements in social, economic and physical development are made to last
[2].
The first approximations to a concept of city sustainability were reflected
in the Earth Summit [3]. The Rio Declaration integrated the economic,
social, environmental and governability dimensions of sustainability.
Another resulting document from the United Nations Conference on
Environment and Development was Agenda 21, which aimed at preparing
the world for the challenges of the twenty-first century [4]. Agenda 21,
defined sustainability in the context of economic, social, environmental and
governance issues, noting the decisive role of authorities and civil society at
the local, national and international levels for the implementation of
sustainable development policies.
The Habitat Agenda adopted by the United Nations Conference on
Human Settlements in 1997 [4], repeated the concerns expressed in Agenda
21 with respect to the multidimensionality of development, and discussed
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urban sustainability as requiring a harmonious integration of economic,
social and environmental issues.More recently, this approach to sustainable
cities has been echoed with the Rio+20 Declaration [5], and the outcome
“The Future We Want” which includes governance under the broader
umbrella of peace and security issues. In an increasingly urbanized world
which demands more sustainable ways of living, urban governance entails
the fostering of urban planning and environmental management, which
includes the reduction of ecological footprints, and the decentralization of
decision-making, and resource allocation, as well as enhanced policy
coordination between local and national authorities. In this context,
achieving the sustainability of our city must be conceived as entailing the
integration of four pillars: social development, economic development,
environmental management, and urban governance, (Figure 2).
Environment
 Low pollution levels
 Efficient use of
resources
 …….

Economy
Urban sustainability

 Productivity
 Private finances
 Public finances

Society
 Security
 Livability
 Social equity

Fig. 1. Indices for evaluating urban sustainability
Planning and decentralization
Strengthening of civil and political rights
Support of local, national, regional and global links
Education, health, water and sanitation
Green housing and buildings
SOCIAL
Green public transportation
DEVELOPMENT
Recreation areas and community support
Green productive growth
ECONOMIC
Production and distribution of renewable energy
DEVELOPMENT
Technology and innovation
Air quality
ENVIRONMENTAL Water, Forest and soil management
Waste and recycling management
MANAGEMENT
Energy efficiency
URBAN
GOVERNANCE

Fig. 2. Four pillars of urban sustainability
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COMPACT CITY MODEL
Compact City Model is not a new idea, it has strong roots in the tradition
of the European urban form. In the past, when there were no cars and no
highways, cities had compact forms. The term Compact City was first coined
in 1973 by George Dantzig and Thomas L. Saaty [6], two mathematicians
whose utopian vision was largely driven by a desire to see a more efficient
use of resources. Compact cities were created by the idea of sustainable
urban planning in European countries in the late 1990’s.
Compact city model is the most delicate extreme within the concept of
sustainable development, and it assumes a marginal situation in which all
parameters reach their maximum values, while the parameter of free space is
at its minimum [7]. As professor R.Bogdanović from the University of
Belgrade underlined, this leads to the conclusion that the compact city model
can not be organized on the area of the whole city. Namely, the suggestions
are linked to the model applicability in those parts of the city in which the
economic efficiency is emphasized.
The Compact City or city of short distances is an urban planning and
urban design concept, which promotes relatively high residential density
with mixed land uses [8]. Furthermore, E.Burton underline that it is
important to understand what constitutes a compact city and how the concept
varies internationally, before an accurate critique of the concept is possible.
As author clarifies, there is more to the compact city model than just an
increase in population density.
Bearing in mind the issues of global warming, pollution and
overpopulation in urban areas, Compact City offers mixed use functions,
intensification of density, more efficient infrastructure and functionally
flexible buildings, more sustainable transportation system - the use of public
transport, cycling and walking and reduction of private transport, encourage
of using renewable energies in buildings, concentrated water management
and energy recycling, which is the point to the model theoretical approach
and offers parameters that contribute to the limiting the environmental
impact of the compact urban model.
However, is Compact City a viable solution today? Can it decrease the
use of private transportation?
A compact city is the opposite of diffuse city. What is important is the
diversity of activities in every part of the city (economic, social, cultural,
housing, government, religious, etc.), and it’s important to consider that the
implementation of density, increased mixed land use and integrated planning
approaches may not necessarily conform to sustainability. Concepts
describing the development paradigm of the compact city are presented in
Figure 3.
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MIXED LAND USE
One of the main issues when discussing the Compact City Model is mixeduse planning or mixed land use. After the period of zoning in urban planning
there is a need to return to the mixed-use areas to encourage community life
and to provide more efficient infrastructure. The large scale “zoning”
approach has been very popular in the United States, although in European
cities “residential only” or “office only” areas can be found as well.
Densities - the number of people per ha, differ in cities due to the social and
spatial development of different areas as the result of the influences of many
divergent factors like land prices, land use and developing strategies,
accessibility and infrastructure, existing structures and neighbourhoods as
well as other factors.
Accessibility




Density

Access to
superstores
Access to
green space
Job
accessibility

Compact city

Mix of uses




Different
activities are
mixed
horizontally
or vertically
Ratio of
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nonresidential
land

Concentrated
activities and space
 Density of
population
 Density of
built form
 Density of
housing

Fig. 3. Compact city development paradigm

Therefore, planning compact settlements requires consideration. By
mixing different functions located at a small distance within one area of the
settlement, enables the residents and visitors of that area to walk, as reduces
time and transport costs, stimulates pedestrian and cycling - oriented
lifestyles and reduces pollution. The presence of people increases the activity
of space and social interaction.
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SPATIAL DEVELOPMENT OF THE CITY OF BITOLA
The spatial development of the city of Bitola has undergone a series of
changes throughout the centuries. Even Heraclea Lyncestis went through
changes from castrum-fortress to civita-city throughout its development.
This is the period when planned development first appeared, however, it was
carried out according to urban plans that were not fully complete.
This way the city began to gradually expand and increase spatially through
new residential units that were an extension of the existing local
communities. Today, Bitola is a dynamic organism, in terms of its urban
morphology, undergoing major changes in its urban morphological structure
within the city limits and beyond. Bitola does not have a geometrically
regular plan, the reason for which originates from its inheritance of oriental
architecture and the orography of the site where the city developed and
gained its urban shape. The development of the core of the city was created
without an urban concept in mind and is significantly different from the
construction of the peripheral parts of the city, which are developed under a
strict urban concept. This development of the city (unplanned and planned)
led to the development of various city offices within the area, which in time
were redefined according to their special purpose: residential, trade, army,
industrial, educational, recreational and other offices.
According to the 2002 Census [9], the population of the city of Bitola,
not including the rural areas, is 74,550 inhabitants, 23,010 households and
28,155 dwellings with a density of 788 persons / km2.
The street network of the city (inherited from the past) regarding its width
and direction, is a network of the same-looking streets, narrow and crooked,
which cannot take in the rapid increase in traffic and its capacity. The street
network consists of 13 main roads, 62 collector roads and 270 local roads.
Over 90% of the roads can be determined as modernized, being paved with
asphalt or stone cube. The number of streets with clearly differentiated
pedestrian traffic from the motor traffic is very small. The peripheral streets
define the subsequent closure of the urban blocks, forming a monocentric
city core. Its urban concept can be categorized as oriental urbanism, a
typical medieval organization in the cities of the Balkans, determined by a
classical urban origin: a sacred building - a mosque, and a profane area - a
settlement and a Bazaar. Some of the monumental buildings are freely set,
with impressive dimensions and heights, while most of the residential business facilities are compacted and grouped together, usually at ground
and first floor levels. The facilities are locally adapted to the terrain
configuration and limited by the arterial streets, in such a way that they form
the initial linear street pattern, which is based on established communication
lines determined by the flow of the Dragor River, while due to the geo-
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morphological location of the city and its communication components, a
gradual transition takes place from the line axis of the city to the Y shape of
the city centre (Figure 4).
The central city core, along with the residential communities is the
foundation of the city organism. Includes the Old Bazaar, the trade section,
the executive and legislative power, the educational and cultural sector, the
religious, banking and financial sector, the residential sector etc., in other
words this is the blood-stream of the organism that is the city of Bitola. In
terms of residential morphology, in addition to detached houses, a large
number of collective houses and buildings prevail which have replaced the
horizontal differentiation of the city with a vertical one. The Old Bazaar,
oriented towards communication ties and the configuration of the terrain –
neighborhoods and residential areas of the city with special names gradually
group and develop, separated even according to ethnic (religious)
population, each with a separate urban structure, as well as their own
neighborhood urban facilities and equipment.
One of the main features of the population in Bitola is the continuous
increase caused by the migration of rural residents to Bitola. Currently we
are witnessing intensive urbanization, the city is undergoing visible changes
to its physiognomy, there is overpopulation and the appearance of so-called
“wild” or illegal settlements, the city environment is polluted, there are many
social issues, unresolved property and residential issues and so on. With
increased concentrations of urban population, the city expands its authority
and jurisdiction to the surrounding area as well, making an entity of the city
and the surrounding area.
Thus, city officials are faced with major tasks, the resolution of which is
conditioned by the strength and development of the same, keeping in mind
both local and regional interests for the area that is subjected to planning and
development.
The reasons for the revitalization of the city center of Bitola are
numerous, and some of the most important ones are:
 Existing infrastructure - The city center already has a street, water and
sewage network. From an economic point of view, it would be a clear
loss if these existing capacities are rejected and if funds were spent on
the construction of new infrastructure on the outskirts of the city.
 The focus of all the routes- The city center represents the focus of all
movements and the city's recognizable identity in the consciousness of
its inhabitants.
 Diversity -The city core has a more functional diversity than the new
center on the periphery. As a center of trade, services, business,
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administration, culture and entertainment, with a recognizable historical
stratification, the city center achieves long-term prosperity.
Below, a block diagram of the procedure for urban sustainability
assessment is proposed, (Figure 5).

Fig. 4. Bitola street network and some examples for typology of objects

CONCLUSION
The compact city concept is above all a spatial concept with the intention
of intensifying the use of existing urban space as much as possible, thereby
improving the quality of urban life and sparing the countryside. Namely, the
general advantages of the compact city are lower levels of car dependency,
low emissions and reduced energy consumption by shifting from cars to
walking, cycling and public transport, reducing trip distances, reducing total
number of trips, better public transport services, increased overall
accessibility by re-use of infrastructure and previously developed land.
The development of countries will be determined by its cities. Given the
example of compact cities in the developed world, it can be concluded that
small and medium-sized cities in Macedonia, such as Bitola, need to and can
adopt compactness in order to limit urban sprawl and improve the
environmental as well as economical components. Naturally, this cannot be
achieved without the support of the govermnet and the citizens. However,
adhering to the compact city concept principles is the first step towards
reaching compactness in cities.
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The main contribution of this paper is to present an approach to
improvement of urban sustainability and Compact City Model assessment
procedure for the city of Bitola on its long road toward sustainability.

Fig. 5. Algorithm of Compact City assessment procedure
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Abstract
During the work on the research of planning documents, the General Plans of the
City of Belgrade, the competition work for the General Plan of Belgrade URBSMAGNA from 1921 was found. The work was rewarded at the organized
international competition for GUP Belgrade, the capital of the newly formed
state after the First World War. The first prize in the competition was not
awarded, and the second prize was awarded to the team of authors of the
competition work URBS MAGNA, Jan-Marcel Auburtin, Albert-Henri Parenti
(authors that won the second prize in 1919 at the Contest for the Plan of Paris),
Jean-Emile Naville and Achille-Henri Chauakuet, associate architect Milan
Zloković. By analyzing the available documents, it was concluded that after the
end of the competition and awarded awards, the GUPs of Belgrade were made,
that until the Second World War partially accepted some of the ideas from this
competition solution, as well as the GUPs made after World War II, when the
new socio-economic conditions and modernist planning influenced the
development of the city. The new part of the city was built on the left bank of
the Sava - Novi Beograd, as a part of Belgrade connecting it with Zemun and the
part of the city on the left bank of the Danube was also built. It is important to
say that the created GUPs of Belgrade recognized and applied the far-sighted
vision and ideas of planners from 1921 on the metro as the main public transport
in the city, which still exist after 100 years. Until 2003 all GUPs of Belgrade had
planned the metro, which was not realized despite the extremely intensive
construction of the city. Until this day, bottlenecks in the existing urban tissues
of the city have not been solved in Belgrade, which represents enormous
obstacles for the further development of Belgrade almost 100 years later.
Keywords - GUP Belgrade; plan; development of the city
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INTRODUCTION
By 1717, Belgrade was a typical Turkish Oriental town. With the Pozarevac
peace agreement of 1718.g. The Austrians get Belgrade, where from that period
large works are being undertaken to defend Belgrade as the bastion of
Christianity. Engineer Colonel Nikola Doxat de Morez (born Swiss, Austrian
citizen) planner (FIG. 1) is a designer and contractor for these works. He divided
Belgrade into four parts: the Fortress, the Savska Varoš - the town of the Serbian
population, the Danube town - the town of the Austrian population and Karlštat
(after King Karl) - a town of German immigrants, farmers, today's Palilula.

Fig. 1. Nicolas Doxat de Démoret, (1725)- Plan of Belgrade, for new fortifications

The period of short Austrian occupation is considered the first attempt to
modernize Belgrade. The modernization included the Belgrade Fortress and the
Belgrade Town. The fortification of the upper and lower towns was done by the
system of bastions. The post-Vauban construction principle is the last phase of
the development of Baroque fortification systems, which is present not only in
Belgrade but also in the Petrovaradin fortress, the fortress in Karlovac and
others. Town receives the first buildings in the European manner - Prince
Alexander Virtemberg's palace, barracks and other facilities. Belgrade then
becomes an economic center with docks on the rivers. The Sava slope and the
bank of Sava are gaining increasing importance, and on the territory of the Old
Town, from Kalemegdan to Dušanova Street, there are Turkish one-storey
houses with bay windows, painted in green color and gardens behind the walls.
It was possile to pass from one yard to another all the way to the II and III
mahala, without appearing on the street. There are three centers: Zerek - King
Peter, Great Market - Student Park and Dušanova Street, and the Jewish mahala
was in the northern part of Dorćol, on the Danube.
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The Serbian Revolution began in 1804, was crowned by autonomy within the
Turkish Empire, by the hatt-i sharif in 1830. The one of the main objectives of
this revolution was, among other things, complete emancipation from the system
of oriental values. Serbia was opening for western economic and cultural
influences, and the result is the construction of Belgrade according to European
patterns. The Serbs are moving to Belgrade in the near and far surroundings of
the Cathedral Church and Belgrade is for the first time in history spreading from
the Sava Slope towards the Danube bank, because in that area there is a smaller
resistance of the Turks towards the Christian expansion. In 1844, engineer Franc
Janke plans to regulate the Western Vračar, according to European models, and
in 1867, the first Serbian urbanist, Emilijan Joksimović, completed a
reconstruction plan of the town with a population of about 25,000 inhabitants
(fig. 3) and makes a plan that regulated the town in the moat, by which Belgrade
as an oriental town completely disappears. Emilijan Joksimovic was a great
visionary who introduced Belgrade into an urban civilization, and it was also an
environmental precursor, which gave the importance of clean air supplies
through the planning and construction of parks. He planned to build the Sava
Quay around the fortress and the Danube dock and the connection between the
Sava and Danube quays and the docklands by the tunnel through the City HillKalemegdan, like the Budim tunnel. In 1884, a railroad was built that connects
Belgrade with Europe, and in 1892 a tram with a horse-drawn train connecting
Kalemegdan and Slavija started to operate in Belgrade, and from 1896, an
electric tram that operated on the first line for Topčider. Belgrade already had
60,000 inhabitants, which was found in the documentation during the research.

Fig.2. Turskish plan of the city (1863)

Fig.3. Emilijan Josimović, (1867) Old Belgrade

PLANS OF BELGRADE BETWEEN TWO WORLD WARS
In 1921, following the formation of the new state of Yugoslavia, the
International Competition for the GUP of Belgrade, as the capital of that state,
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was announced. The first prize was not awarded, but the second prize was won
by the competition work URBS-MAGNA by the team of authors from France
with their associate, our famous architect Milan Zlokovic. The text from the
introductory part of the work "Review of the Contest" is important, in which it
reads: "Our plan of the city is not a program of works that should start with fixed
dates immediately or even in stages, but our work is the prediction of Belgrade
as a city of the future (more or less distant) , because we realized the competition
first of all as a contest of ideas and looked at work from these points of view: the
density of the inhabitants, the area and the duration of the plan, and we proposed
the plan within the limits that we consider to be the most rational. "(1) (fig.4 and
Table 1)

Fig 4 URBS-MAGNA (1921)

Table 1: The total planned area they looked at included the following:
town for 300,000 inhabitants - the first stage
5.640 ha
suburb Višnjica
1.000 ha
city parks between Belgrade and Veliko Selo
640 ha
Zemun - old
710 ha
Zemun - new
400 ha
Zemun industrial port
510 ha
Area north of the Danube
4.500 ha
Pancevo
1.200 ha
area for routes of expansion of the city
400 ha
Total
15.000 ha

The first phase of the expansion of the city was planned for an area of 5,640
hectares with about 300,000 inhabitants, with the addition of parts of the city:
Bežanija, Zemun, Borča, Ovča, Pančevo, Veliko selo, Banjica, Rakovica,
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Žarkovo, Ada Ciganlija, and everything that was in this circle, all of which has
been realized in the following 20 years, so it can be concluded that they were
right forecasting that the number of inhabitants from 140 000 in an area of 1000
ha will increase twice. The most important conclusion is that further expansion
of the city depends on transportation possibilities and the distance from the
center. The quotes in the text of the competition work are also important from
the aspect of today's observation such as: "... in all issues of urban planning the
main idea and foresight of the future is an important quality. "And:" ... a project
is good only if it is designed to be broad enough to answer the given
propositions and quite wise to be practically realized. " (4)
The economic role of Belgrade was discussed in their plan with the
conclusion that the work is based on the area around the confluence of Sava and
Danube, with the coverage of the terrain on both banks of the Sava and Danube
rivers, with the terrain on the left bank of the Danube intended for culture and
enable the establishment of an urban connection between the three centers of
Belgrade, Zemun and Pancevo, the development of docks, river commercial
passenger and rail traffic, bridges on the Sava and Danube, which has proved to
be right now almost 100 years later. The expansion of the city of Belgrade is
planned towards southwest, south and southeast due to natural characteristics,
existing roads, railways and the future main link of the metro line, is the main
point of the GUP. The northern, northeastern and eastern territory of the city
area, which at the time was considered unfit for housing due to the land of poor
geological composition, was planned as pure industrial zones with industrial
ports, while today it is according to planning documents the territory with
residential housing that is increasingly expanding and being planned for future
housing. Interesting is their observation that, from the economic point of view,
Belgrade should replace Budapest, but that: "... before "being adorned" it should
be "fed", like any "living organism" that draws the necessary materials around it
for its survival, preserves and assimilates, one part transforms, and the other
transforms and renews. His rise is the result of this movement... A city that does
not absorb and does not produce more, dies. The old borders of the Sava and the
Danube have been politically abolished, but they should be abolished for real, by
placing many points between the two rivers and their tributaries. "(1) It is also
important to say that in the consideration of the work the focus of the urban
development of the city of Belgrade is given to the development of the road
network, railway, river and metro network (which is still today given in plans),
whose expansion is planned in this plan up to 10 km from the city center and
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that the biggest problem is that most roads go through towns and villages.
Priorities are given to national roads: Belgrade - Sabac through Bosnia and
Belgrade - Valjevo - Sarajevo towards the Adriatic, Belgrade - Kragujevac, Nis
via Avala for Sofia and Thessaloniki from Topovski Forest and Novi Sad as it
leads to Banat. What was given by the GUP of Belgrade in 1972 was also given
in this competition work, which is that the route from Szeged to Pancevo should
be tied to Belgrade by the bridge for Veliko Selo and then by the route along the
Danube to Karaburma and from the Great Sela to Vinča for Lestane, Beli Potok
and Rakovica, and then from the Big Village for the Mokri Lug, as a connection
with the road to Konstatinople - Belgrade, which was already planned. The
visionary is that the road was planned in 1921, which by the bridge touches the
island of Ada Ciganlija, and a bridge at the same location began to be realized at
the beginning of the 21st century. In their project, at that time, it was a part of
the outer ring, and now it is now part of the Inner Magistral Ring. (Fig.5). (4)

Fig.5. The planned bridge on Sava River and a sports center at Ada Ciganlija

The plan from 1921. implies the correction of the Sava and Danube banks,
due to the mitigation of the severe rise in water and flow mitigation and
reduction of deposits, by a unique channel between Zemun and the War Island.
The embankment - dam leads the Danube out of this channel. The 50 meter
opening is on the side of Zemun. The following ports are proposed: Veliko
pristanište Zemun, Karaburma, Veliko selo, Left bank of the Danube and
Pančevo. Analyzing the competition work, it is important to note that the
planned part of the Belgrade-Pančevo railway line was shown, with a tunnel
passage through the city, after the bridge over the Sava and viaduct over
Karadjordjeva Street and Bosanska, from where it continues in a tunnel, then
goes out of the tunnel at the bottom of the Theater Street, and then goes to the
Danube to the Big Village industrial zone (that is the planned metro line in 1982
and 2016) and goes further, crosses the Danube bridge to Pančevo near the Big
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Village, and the left bank of the Danube is left as a value (this route was planned
as a regional metro in all GUPs up to a 2003 GUP). (4.5). It is important to note
that in 1921, it was the first time that in the plan of Belgrade it is planned to
build a metro. The metro line is planned with double normal tracks, with an
electric tow, and it maintains a connection between the city and the area planned
for the expansion of the city. It is planned that a continuous ring will follow the
same route as the underground city railway. The planned metro lines are: Large
line: Zemun, the airport that connects the city, the port, the War Island, the
center, the Theater Street, the University and is connected with the lines that go
towards Veliko Selo; Second line: replaces the Topčider tram, and the branch
goes to Železnik; Third line: goes from Slavija to Banjica and Avala. The metro
line in the west follows the current rail, then closes the ring with the planned
circular boulevard. It is planned that the metro will have stations in places that
would be studied with great care, taking care to move passengers from one
vehicle to another favorably with minimum crossings. The urban transport plan
has only a metro, a trolleybus, a bus and a city railway, stating that the authors
are explicitly opposed to the trams, as they do not consider them suitable to the
natural characteristics of the observed area lying on seven hills. (4)
Until the Second World War, all adopted plans for Belgrade are implemented
in accordance with the contemporary urbanistic culture of the Central European
and Anglo-Saxon cities of Europe. After the completion of the presented
competition work, the new Plan for Belgrade was done by architect Djordje
Kovaljevski, 1924, fig. 6, but in realization the plan was not respected and city
was built quite spontaneously, so in 1937 there was a preliminary draft and
ordinance on planning arrangement of Belgrade, done by architect Danica
Tomić and architect Djordje Kovaljevski, fig. 7, which was in use until 1944
when the tendency of the construction of an European city continued, which was
made possible by the Law of 1931, which in its essence was the urbanistic law.
At the beginning of World War II Belgrade was a completely European city in
whose layered structure cultural layers and influences could be recognized - the
stages through which urban development has passed.
The urban development of Belgrade then continued with the development of
the city center and the periphery, which prompted the expansion of the network
of public passenger traffic, so that in 1932. a total of 2,140 motor vehicles were
registered in Belgrade, while the basis of the passenger transport system was a
tram network of 45 km. Before the Second World War, Belgrade had 320,000
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inhabitants and tram lines extending to the borders of the then continuously built
area. (2).

Fig.6. Đ.Kovaljevski, (1924) GUP Fig.7.Đ.Kovaljevski and D.T. Milosavljević (1937)

BELGRADE AND PLANS AFTER THE SECOND WORLD WAR
Immediately after the end of World War II, Belgrade's urban development
was continued and directed in two directions, establishing the normal
functioning of the city and developing a long-term planning document for
further development. On the spatial development of the city, the famous
architect Nikola Dobrović was engaged as the chief architect of Belgrade, on
GUP Belgrade in 1948, (Fig. 8), whose visionary movements were realized like
freeway through Belgrade and GUP Belgrade in 1950 (Fig. 9)

Fig. 8. Nikola Dobrović (1948) GUP

Fig. 9. Somborski (1950) GUP

GUP 1950 set the two tasks: to solve the problem of the complex organization of
the city, which will grow to 1,000,000 inhabitants in 20 years from 400,000
inhabitants and to design a new part of the city on the left bank of the Sava River
and unify it with the existing Belgrade and Zemun. The historic decision to
move the city to the left bank of the Sava has opened new perspectives of
Belgrade based primarily on the development of suburban and urban traffic
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modes, which is actually the realization of the idea from the 1921 plan. In the
new GUP the development of the main road network was foreseen, and in public
transport the suggested orientation to the rail systems that would serve the basic
development directions. Within the city area, it was planned that city transport is
carried out by elastic buses and trolleybuses, and tram traffic, due to the general
state of its network and incapatibility to adapt to the new conditions, was left to
be used until its final replacement with new modes of transport. Based on the
new GUP from 1950, the first metro study was made in 1964. That study
pointed to the justification of the metro network (given already by the plan in
1921), now with a total length of 32 km, with three diametric lines that have
connected the sparsely built city tissue with the center of Belgrade. At the end of
the 1960s, when many GUP forecasts from 1950 had already been overcome, the
need for the creation of a new General Urban Plan for Belgrade for 2,000,000
inhabitants matured. The growth in the number of inhabitants also imposed the
need to build over 4,000,000 m2 of new residential area, which would be solved
by the construction of settlements on free and little-built terrains, development
routes to Banjica, Vinča and Železnik. An important prerequisite for this concept
of corridor development is traffic systems that would meet the needs of
Belgrade's two million inhabitants. Part of the effort was aimed at improving the
housing conditions in the central area, with a qualitative improvement of the
traffic base, with an emphasis on environmental conditions. Commercial and
public activities were planned through systems of general and specialized
centers, and Kalemegdan-Slavija stretch with the most attractive public uses and
tertiary contents. The development of the main city center is conditioned on
access roads. A new GUP of Belgrade was drafted, adopted by the Assembly of
the City of Belgrade in March 1972. As an immediate measure, it also adopted
the Decision to develop a Study of Public Transport Development in Belgrade
with a metro as the main means of rapid and mass transportation of people in the
city, which will enable them to receive answers regarding the choice of systems,
technology and economy, final routes and placement of stations, as well as other
elements that were in principle provided by the General Plan. (2) The Metro
Department at the Institute for the Construction of the City of Belgrade was
thereby established. On the basis of extensive urban-traffic analysis with the
application of the experience of the cities of Europe, in 1976 a study was
completed, envisaging two rail systems in Belgrade: a city metro with 5 planned
lines that would cover a compact urban area with the city center and working
zones and the Regional Metro with 4 lines of the regional metro - fast city
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railway, which would have the role of connecting Belgrade with suburban
settlements (Fig.10). (5)

Fig.10. Metro system, Study done in 1976

Fig.11. Metro system I stage

In 1982, the first stage of the metro system was done (fig. 11), projects were
completed, a self-proclamation was announced and a total of $ 200,000,000 was
provided for the construction of the metro. The funds provided were then used
for the construction of a tram line through Resavska ulica and Novi Beograd
"With Tram into a 21 century". In the meantime, the Vuk's Monument Railway
Station was put into operation in 1995, during which the tunnel connection for
the future line of the metro under the Boulevard of King Alexander was built. In
1998 the work on the metro project was resumed and two variants of the general
project of the metro bridge on the Sava River were made to the existing old
bridge, along the route in the extension of the Boulevard in New Belgrade, with
the continuation by the tunnel to Nemanjina Street. (as stated in the plan in
1921) The Metro Department was abolished in 2000 at the Belgrade City
Building Institute and in 2003 a new GUP of Belgrade was adopted that has
deleted the metro from public transport in Belgrade, stating that its construction
is uneconomic and now the surface tram was planned on the path of previously
planned metro line.(5). By adopting the modification of the Regional Spatial
Plan of Belgrade in 2011, the metro system is reintroduced into the plan for
public transport in Belgrade, after 8 years of interruption of work on the metro.
In 2016, the City of Belgrade adopted the Traffic Master Plan until 2033, which
has now been developed by the English consulting firm WSP. In this
documentation, it was determined that the first line of the subway would be 22
km long and that the first line would connect Makiško polje and Mirijevo, while
the other line would connect Zemun and Mirijevo and be 20 kilometers long.
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CONCLUSION
During the research and consideration of the competition work of URBSMAGNA and GUPs that were done until 2003, after many years, today reminds
us that in the drafting of the General Plan of Belgrade it is necessary to research
and see the previous views of Belgrade's planning documents that can influence
one to have perhaps a different view of the current problems in the city, which
was the goal of this paper. All research has proven that metro rail systems are a
convenient means of transport, and metro has been in Belgrade's plans since
1921, with a break from 2003 to 2011. Observing metro from the planning
aspect and comparing it with other means of public transport for the same
transport volume, it can be seen that metro needs 42-48 times less area of traffic
surfaces, 18-32 times less energy, and has 2.5-4 times faster transport speed,
especially in the city center area, etc. The tram transports about 6 passengers per
hour at a speed of 12 km per hour, a fast tram transports up to 20 000 passengers
per hour at a speed of 15-25 km per hour, and a metro of about 40 000 - 70 000
passengers per hour at a speed of 35 to 100 km per hour (2) Massive Passenger
Transport Systems (SMPP) in modern conditions, with the use of new
technologies, cutting-edge information technology with microprocessors, with
centers for integral complex management systems and with high-level
intelligence-assisted software, are today by capacity the most complex, reliable,
the most rational, transport system, by exploitation costs. The systems for mass
transport of passengers with their presence bring not only new quality through
an exceptional offer of traffic services, but they simultaneously unconditionally
act on the complete change of procedure and practice in the planning and
management of development, in technology, technology and organization of the
entire public and other passenger transport. Invested assets in a well designed
metro system, a rationally selected, optimally dimensioned and modernly
managed system for mass transport of passengers, are quickly returned and
multiplied not only through the income of the transport company, but through all
the effects that such a system achieves through its exploitation. (3) It has been
proven that for large undertakings it is never too late and that, until they are
built, they should never be erased from the development strategy plans or the
planned routes. (5)
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Abstract
Increasing number of older population represents a global demographic
trend, as well as growing density in urban areas. Aging and urbanization
introduces significant changes in the structure and character of traffic
demands in modern cities. Urban traffic and transportation systems, which
are primarily in function of their users, should offer the equality and equity
in service for all participants of transportation process. Bearing in mind that
mobility represents one of the basic human needs, it is clear that it can not be
disabled or limited by inadequate system performances. Regarding this,
during previous period, developed countries have started process of
inspection, redefining and adapting their transportation systems according to
older population requirements. The main goal is to create age friendly
transportation enviroment with appropriate and safe mobility options for
seniors. The paper gives a brief overview of the past work in this field
around the world and in Serbia.
Keywords–elderly; urban transportation system; age friendly design

INTRODUCTION
According to the official statistical data, the older population increases
rapidly on a global scale. It has been estimated that its share in the total
population will rise from the today’s 1:8 to 1:5 in 2030. The term “older
population” encompasses people older than 65. This significant growth of
the older population worldwide has initiated research and activities related to
the potential impact of these changes on the traffic process, as well as to the
possible solutions for the problems arising from these changes.

¹ professional paper
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In order to understand and realize the needs of the older population, it is
primarily necessary to learn about the changes brought by the process of
ageing. It is considered that at the age of 40 the physiological functioning of
human organs, as well as the perceptive and motor abilities, start to decrease
gradually. However, due to the year-long experience of the people of this
age category, these changes are compensated and cannot be easily discerned.
Still, a more significant weakening of human functioning is related to the
category of people older than 65. Changes influenced by ageing refer to
weakening of vision and hearing abilities, decreasing of motor skills and
certain behaviour changes, which unequivocally implies that this age
category has difficulties when participating in the traffic process.
On the other hand, due to the long period that passes from detecting the
problem in traffic to implementing the optimal solution, it is requisite to note
the changes in the demographic structure of population on time, so that the
required alterations can be timely, adequate and economically efficient. In
fact, if this problem is not promptly faced with, it will be impossible to
adequately fulfil the new requirements caused by the population ageing.
Bearing this in mind, in the previous period the developed countries have
undertaken comprehensive research and adaptation of the urban traffic and
transportation systems to the new requirements. Part of the most significant
studies will be presented in this paper.
GLOBAL EXPERIENCE AND RESEARCH – REVIEW
A. The United States of America

The research on the impact of population ageing on traffic and scientific
work related to this issue started in the 1980s in the United States of
America. Scientists from various fields recognized the significant increase in
the number of older people and their limitations as a danger and obstacle for
efficient and safe operation of the future traffic system. The “baby-boom”
generationmatured and it was necessary to consider their needs and
possibilities in order to improve the existing system in accordance with new
requirements. Although the street and road network in the USA represented
one of the most developed networks in terms of infrastructure and
management, the revision of the existing traffic parameters, design elements
and regulations began.
In 1988 Transportation Research Board (TRB) published the first official
document presenting this issue. It was Special Report 218, which
summarized the previous knowledge related to the needs of the older
population and their potential impact on the mobility and traffic safety. This
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report was used as a basis for the following research conducted under the
patronage of FHWA1 and NHTSA2, the governmental organizations which
represent the foundation for the development of the road network in the
USA. The mentioned TRB’s Special Report 218 [1]assumed the hypothesis
that the “older“population consisted of all people older than 65, as stated in
the literature and in this paper. The criterion used for making conclusions
was the fulfilment of 85% of the observed sample of the older population.
The most sensitive issue in the field of traffic design and management was
the question whether the commonly applied models in engineering
calculations (visibility models, acceptable distance, etc.) corresponded to the
possibilities of older population, i.e. whether they were age-appropriate. The
stated document examined the validity of these models in relation to the
abilities of drivers from the observed age category, and as the result of
research and work in this field, the handbook Older Driver Highway Design
Handbook [2]was published in 1998. The handbook includes the
recommendations regarding particular design elements of the street and road
network from the aspect of population ageing.
Table 1. Practical measures for improving design elements for older users [5]
PRACTICAL MEASURES
CRITICAL
ELEMENTS/
SITUATIONS

Geometry
Signalization

3

VMS

Traffic
lights

Marking

Flow
delineation

Roaddesig
n elements

Traffic
management

Intersection
Pedestrian
crossings
Work zones
Ramps
Night driving

The work in this field continued in the following years. In 2001 a new
version named Highway Design Handbook for Older Driver and Pedestrians
[3]appeared and it included both motorized and non-motorized users. As an
addition, the document Guidelines and Recommendations to Accommodate
1

FHWA – Federal Highway Adiministration
NHTSA – National Highway Traffic Safety Administration
3
VMS - Variable Message Signs
2
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Older Drivers and Pedestrianswas published and it represented an abridged
version of guidelines and recommendations for adapting to older drivers and
pedestrians [4][5].
B. Canada

The research in this field which started in the USA spread to other
countries which recognized the significance of this problem or already
started to face the consequences of demographic changes and their impact on
traffic. Summarizing the previous research, Canadian experts presented the
report named Senior Drivers and Highway Design in 2008, whose
conclusion contained the recommendations for improving the traffic system
in accordance with the needs of older pedestrians [6]. Most guidelines were
based on the American experience and practice, although the need for
identifying local territorial specificities and requirements was highlighted.
Table 2. Priorities for improving the traffic network for older users – Canada [6]
DESIGN/MANAGEMENT
ROAD ELEMNTS

CRITICAL ROAD
ELEMENTS
1.
2.
3.
4.
5.
6.
7.

Flow channelization
Left turns – geometry, signalization,
delineation
Right turn on signalized intersections (RTOR)
Street names - signalization
Non-signalized intersections
Traffic lights
Roundabouts

LINKS

8.

Flow delineation in horizontal curves

WORK ZONES

9.
10.
11.
12.

Lane closure
VMS
Traffic management
Temporary markings in work zones

INTERSECTIONS

The Alberta Traffic Safety Guide to Accommodate Aging Drivers [7]was
recognized as the starting point for further research and improvement of the
infrastructure for older drivers, i.e. as a document based on Canadian
regulations and a document ensuring the application of the proposed
recommendations and guidelines. The conclusion highlighted the importance
of the presented literature review which should be used in the process of

86

updating The Alberta Guide, particularly in the field of comprehending and
understanding traffic signalization, requirements for retro-reflective
characteristics of elements, readability index and illumination. It was also
suggested that the proposed measures should be quantified and that their
impact on the safety of users and the system should be explicitly presented.
The Alberta Guide represents the first document in Canada which states the
guidelines for improving the management and design characteristics of the
road network to suit the needs of older drivers. The last version of this
handbook from 2009 was expanded and supplemented with guidelines
treating both motorized and non-motorized users.The handbook was
published as Traffic Safety Engineering Toolbox for Aging Road Users [8].
C. Australia and New Zealand

Australia and New Zealand began the work in this field in the 1990s.
Austroads, the association of official traffic and transportation institutions,
financed the research and development of the policy for identifying the
possibilities of the infrastructural improvement for older users. The analysis
of the field and accident databases defined “black spots” with the increased
participation of older drivers in accidents. The research also pointed at the
problems which this age category was faced with in urban areas, more
specifically at intersections, referring to visibility and acceptable distance.
Unsignalized intersections were defined as the points with a high risk level
for the elderly. As a result, a document named Road Safety Environment and
Design for Older Drivers [9]was published. This study showed the existing
state of the system and its current possibilities for meeting the older drivers’
needs, along with the literature review and critical review of the mentioned
FHWA handbook. The conclusion offered the measures for improving the
existing network, among which the following were the most important:
improvement of intersection visibility, provision of a separate turn phase at
signalized intersections, use of more conspicuous lanterns for older drivers
and more clearly defined vehicle paths, more precise leading and
channelization of the flows. In addition, directions for further research on
this subject were defined.
During the next phase which ended in 2004, a comprehensive handbook
Environment and Design for Older Drivers: Stage II (Volume 1 – Overview;
Volume 2 – Handbook of Suggestions for Road Design Changes)[10] was
published and it encompassed all older users, not only senior drivers. It was
emphasized that traffic design had a very significant role in traffic safety and
that the regulations and standards used for designing the road network did
not consider the needs of this age category. This fact is absurd if safer and
more secure traffic environment is to be created. Thus, the second part of the
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handbook presented the actual guidelines for redesigning the existing system
to suit the needs of these users, emphasizing the general benefits of these
changes. The presented measures were based on the American
recommendations but they were adapted to local requirements in accordance
with the conducted research.
The last in the series of projects dealing with this issue in the area of
Australia and New Zealand is Older Road Users: Emerging Trends
published in October 2016[11]. As stated in the title, it focused on new
trends related to this user category and road infrastructure. The conclusion
included the strategies for improving the safety of the elderly with the
examples of specific implementation measures.
D. Europe

A significantly larger share of the elderly in the European population
certainly represents a challenge for the existing and future traffic and
transportation systems. Older users are most commonly considered to be a
group with partial limitations and specific needs, so the largest number of
previous studies regarding this issue in Europe has been directed at
identifying the requirements and needs of this age category.
One of the first European projects which dealt with the problems and
needs of the older population was AGed people Integration, mobility, safety
and quality of Life Enhancement through driving (AGILE, 2001). The
project analyzed the difficulties of older drivers by conducting field research
and examining the users’ and experts’ attitudes. The results highlighted the
following: a) the significance of using cars as a transportation means in the
old age; b) decrease of mobility with ageing, which is mostly influenced by
physical limitations of this population; c) distribution of various diseases and
their potential negative impact on the driving abilities of the elderly (Breker
et al., 2003). The European project Growing Older, stAying mobiLe:
Transport needs for an ageing society (GOAL, 2012) summarized the
existing knowledge, as well as the deficiencies of the previous studies of this
subject, with the aim to develop an action plan with innovative solutions for
satisfying the transportation needs of older users [12]. The authors
emphasized the extreme heterogeneity within the observed group, which
encourages research on the mobility of the elderly from various aspects.
Mobility of older people is considered to be an important factor affecting the
individual’s independence, health and life quality, so it is requisite to
examine all factors which can affect the behaviour and needs of the elderly
from this point of view [13]. Influential factors have extremely different
origins and they can be related to health, social and economic status, etc. The
project CONcerns and SOLutions for Road Safety in the Ageing Societies
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(CONSOL) highlighted very noticeable gender differences regarding
behaviour and mobility of this age category (CONSOL. Mobility Patterns in
the Ageing Populations,2013). The project Safer Mobility for Elderly Road
Users (SaMERU), which was finished in 2013 after the three-year-long
mutual research of six partner institutions from five European countries:
Great Britain, Spain, Italy, France and Germany, had the aim to determine
the factors which could be significant for the traffic safety of the elderly, as
well as the manners for overcoming problems [14].
The latest project dealing with the older population in traffic process
funded by the EU is Safety Enhanced Innovations for Older Road Users
(THE ELDERLY, 2016) and is realized within the HORIZON 20204
programme. The project started in 2016 and its aim is a more detailed
consideration of the factors affecting the behaviour of the elderly and their
traffic safety. The first Report presented the starting results and offered
guidelines for future research [15].
In addition to the partnership projects carried out under the patronage of
the European Union, research centres and scientific institutions from the
developed European countries have also dealt with this subject. In the
previous period, Germany, Sweden, Great Britain, France and others have
considered the specific needs of the elderly in relation to the existing state of
their own traffic systems within scientific and research projects. It should be
mentioned that, as opposed to the USA, Canada and Australia, Europe has
not created a handbook which would represent a specific action plan and
measures for the improvement and adaptation of the infrastructure and which
would be verified and practically applicable throughout the EU.
E. Serbia

When it comes to the Republic of Serbia, the research related to this age
category has exclusively been directed at the safety and analysis of traffic
accidents, mostly within the cumulative statistical reviews of all age groups.
One of the first projects which included only the older population was A
Study of Older Population Safety in the Territory of the City of Belgrade
(2005). The results showed the vulnerability of these users and the increased
risk of fatalities among the elderly, and the conclusion included the
recommendations for increasing the level of older people’s safety in the
researched area [16].
4

Horizon 2020 is so far the largest programme of research and innovations in the EU
with almost €80 billion of funding available in the period of 7 years (2014-2020),
whose aim is a more intensive focus on innovations and activities close to the
market. Horizon 2020 consists of three main areas: Excellence in Science, Industrial
Leadership and Social Challenges.
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In the previous period, significant studies have been conducted with the
aim of examining the influence of demographic ageing on designing urban
traffic systems in the local surroundings, as well as their performance in
terms of ensuring satisfactory quality and service level for users. The
research focus was directed at the requirements and models affecting the
traffic design process and elements in urban areas. A detailed understanding
of the difficulties which older people face in traffic has shown that this age
category has a significantly higher risk of fatalities in traffic accidents in
comparison to younger traffic participants. It has been determined that older
pedestrians in urban areas represent the most endangered category in traffic
within the observed population. On the other hand, the results of older users’
attitudes have shown that the largest number of movement is realized by
walking, so senior pedestrians have been placed in the centre of the research.
The research has determined that the average crossing speed of older
pedestrians is lower than the speed of other pedestrians and that it is
necessary to examine and improve the existing models of engineering
calculations which are currently used.
On the basis of the literature review of the published studies, the
problems which older users daily face with have been thoroughly identified
and the methodological procedure for determining and classifying risk areas
has been presented, as well as the measures for improving and adapting the
urban traffic system to older users. A starting set of engineering measures
has been generated to eliminate and moderate the impact of demographic
ageing on the urban traffic system, which could be implemented in other
urban areas as well. In the future period, we should propose the guidelines
and recommendations for re-defining the existing regulations and standards
in the field of traffic design and their implementation, in accordance with the
obtained results and current changes in the demographic structure.
CONCLUSION
Demographic ageing represents the triumph and challenge of the modern
age. The development and prosperity of society have prolonged the human
life span. The elderly are healthier, more active and satisfied, which is a great
success of the time we live in. On the other hand, this growing population
poses new tasks and requirements which should be met adequately and
timely.
The research undertaken in the previous period has had the aim of
establishing the equality and fairness for all users, and among them older
users, and has pointed at the distinct need for improvement and adaptation of
the existing traffic infrastructure and legislation, particularly in urban areas
where most of the older people live. Although the differences in the approach
to this problem in relation to the presented research area can be easily
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noticed, it is clear that demographic ageing represents the issue which
preoccupies the increasing number of traffic experts from various fields
worldwide, and that in the future it will be requisite to offer an adequate
engineering answer to the new needs of users.
When it comes to urban areas, it should be underlined that intersections, as
well as pedestrian crossings, represent the places with the highest percentage
of fatalities among older users. Thus, they certainly should be the centre of
attention of traffic engineers in the process of searching for measures to
enable the safer mobility of the elderly. Improving the horizontal
signalization, channelling the flows and adapting signalization, geometry,
managing light signals, illumination, applying adequate signalization, using
new technologies, especially in the navigation and selection of a more
favourable route, represent only part of the measures which have a significant
role in overcoming the problems related to complex and demanding traffic
situations (night driving, traffic jams, selection of the alternative route, road
work zones, etc.).
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Abstract

In today's world, the development of human civilization is so rapid
that "the future is today, not tomorrow." Globalization is in all spheres
of public life and changes the conditions for their functioning. People
responsible for the prosperity in a global aspect and in all areas must
unit efforts to improve living conditions for present and future
generations. Through the most valuable resource of the 21st Century "Information", it is possible to register, summarize and analyze
problems and achievements in the field of economic prosperity,
environmental protection and social justice. In this connection, the
paradigm regarding the reporting of companies is changing. This is in
line with the European Parliament and Council Directive 2014/95 /
EU adopted on 22 of October 2014. The latter was transposed into the
accounting legislation of the Republic of Bulgaria and entered into
force on 01.01.2017. The undertakings in Bulgaria, including those in
the transport sector will broaden the scope of their reporting. The
annual financial statements will contain not only financial but also
corporate non-financial information: social and environmental
information (so-called integrated reporting). The purpose of this report
is to clarify the need for integrated reporting in undertakings and its
essence as a new holistic approach to the reporting of business
organizations.
Keywords – transport undertakings; social and environmental
aspects
of
reporting;
integrated
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INTRODUCTION
Modern business organizations, including those in the transport sector
operate in a globalized world in which the development of human
civilization is so accelerated that "the future is today, not tomorrow" [1].
There is a more growing business activity and an increasing role of capital
markets, which is accompanied by limited production resources. In other
words, a new order is emerging in the economic and social relations due to
the ongoing climate change, the depletion of natural resources, social
inequalities, etc. A new corporate world is formed and the role of companies
in the modern society is growing. In order to properly assess this role the
reporting of companies should be improved. The focus needs to be shifted
from short-term and high profits to long-term and sustainable benefits for
owners and society as a whole.
As a result of this all, the paradigm regarding the reporting of
undertakings is changing. An action in this area is the adoption of Directive
2014/95 / EU of the European Parliament and of the Council (that amended
Directive 2013/34 / EU). The latter was transposed into the accounting
legislation of the Republic of Bulgaria and came into force on 01.01.2017.
Undertakings in Bulgaria, including those in the transport sector will
broaden their reporting. The annual financial statements will contain not
only financial but also corporate non-financial information - social and
environmental information (so-called integrated reporting). A certain
number of undertakings [2] include a non-financial statement in their activity
report (mandatory from 1 January 2017). The latter should contain a
description of the undertaking policies with regard to its environmental,
social and employee-related activities, human rights, measures against
corruption, diversity and gender equality in corporate governance bodies number of women and men, age, geographical diversity, education,
professional abilities, religion. In practice, this is a report from a new
generation, the so-called integrated reporting (containing financial and nonfinancial indicators).
The purpose of this report is to clarify the need for integrated reporting of
undertakings and its essence as a new holistic approach to the reporting of
business organizations.

INTEGRATED REPORTING IN THE CONTEXT OF SUSTAINABLE
DEVELOPMENT - NATURE AND NECESSITY
The essence of the concept of sustainable development manifests in the
harmonious interaction between the satisfaction of boundless human needs
through optimal management of restricted nature resources and the
protection of environment. In practice, undertakings are the main subjects of
sustainable development. New time requires them to create a comprehensive
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system of "non-financial information," so-called "reporting for sustainable
development". It should register, analyze and summarize information in
social and environmental terms.
The main objective of sustainable development is to "meet the needs of
the present without compromising the ability of future generations to meet
their own needs" [3]. In order to achieve this goal, all business organizations
must work in this direction.
In the sense of this all are the requirements regulated in the European
Parliament and Council Directive 2014/95 / EU. It specifies the need to
increase the transparency requirements for environmental and social
information as essential for determining the risks to sustainability. This
applies to undertakings in all sectors. It is also underlined that Member
States may impose, where appropriate, additional criteria to improve the
transparency of non-financial information regarding undertakings.
Historically, the scope of corporate reporting extends from strictly
financial to including of environmental, social and governance issues in
various forms and degrees.
Disclosure of non-financial information is one of the essential
prerequisites for managing the transition to a sustainable global economy.
This necessitates the reporting of not only financial information, but also
information about social justice and environmental protection. Thus,
disclosure of non-financial information helps to measure, monitor and
manage business performance and its impact on the society and
environment.
Over the recent years, more and more undertakings have been choosing
to present their business results in a complex manner, using economic,
environmental and social indices. These are the three equivalent pillars of
the sustainable development. The most recent "upgrading" of this tendency
is the integrated reporting, for which in December 2013 the International
Integrated Reporting Committee adopted an instructive framework
(International Integrated Reporting Framework - IIRF).
The rapid development of the world economy and the ever more
extensive satisfaction of human needs are, unfortunately, accompanied by
negative effects on the environment. This is in fact one of the great
controversies of the 21st century. Companies should make a choice between
that how to achieve their business goals and how their activities affect the
economy, nature, and people. In order to achieve a sustainable development,
it is necessary to introduce uniform standards for companies to disclose nonfinancial information related to the impact of their activities on the
environment and society.
National provisions related to non-financial information requirements (as
part of the integrated report) should be coordinated and agreed. Such a
requirement stems from the fact that the majority of undertakings required to
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disclose such information operate in more than one Member State. In line
with the requirements of Directive 2014/95 / EC, "Certain large undertakings
should produce a non-financial statement containing information relating to
at least the environmental, labor and social issues, respect for human rights,
fight against corruption and bribes "[4].
Combining financial and non-financial information in the financial
statements is a prerequisite for achieving sustainable enterprise development
and finds a real manifestation in the development of an integrated report. In
this sense, the regulation of integrated reporting is imperative and is dictated
by the need to meet current human needs and to provide opportunities for an
increasing standard of living for future generations.
Integrated reporting is inherently future oriented, i.e. its main function is
prognostic. The resulting information (financial and non-financial) of this
reporting shows the current state of sustainable development and is the basis
for the formation of long-term development strategies. The main objective of
integrated reporting is to meet the information needs of certain stakeholder
groups - investors, creditors, suppliers, clients, employees, owners, state
bodies and organizations as well as the interests of certain social groups. In
this regard, the entire reporting process of creating non-financial information
in the integrated report should be oriented towards full and comprehensive
satisfaction of these interests. The process of creating non-financial
information can be conditionally presented through the following steps
(Figure 1):

Specifying the report
content

Ensuring the quality of
reporting information

Determining Report
Limits

Official adoption of
certain standards

Current application of
the rules and principles
for reporting non-

Non-financial report

Fig.1 Stages of the process of creating non-financial information

Expectations for the future reporting are to make the integrated report a
basic report for all organizations. Of course, manners and deadlines for this
purpose will vary for the different undertakings. The International Integrated
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Reporting Committee shows several alternative manners for validating the
integrated reporting regarding the respective undertaking [5]:
 Combining the non-financial report with the activity report or the final
annual report. This is an initial, transitional version of reporting while
exploring the possibilities of integrating the contents of both reports.
 Disclosure of a separate, short integrated report as an appendix to the
statutory annual report.
 Internal acceptance of the integrated reporting in order to provide
managerial information.
Combining a financial reporting with an analysis of the social,
environmental and economic effects of the undertaking in a general
integrated report enables a rational assessment of its long-term viability.
Preparing an integrated report is based on several principles: strategic focus;
tying the information; orientation towards the future; responsiveness and
comprehensiveness to the parties concerned; reliability, essentiality and
compactness. In this regard, its content consists of six fundamentally related
key elements [5]:
- organizational review and business model;
- working environment, including risks and opportunities;
- strategic objectives and strategies for their achievement;
- management and remuneration;
- execution;
- future perspective
The links between these elements are normal, logical and not fragmented.
The most important element in the integrated report is the undertaking
business model. At the heart of the business model are two concepts - the
types of capital and the creation and maintenance of value. Reporting with
concern to resources is the reporting of the future, as it gives the opportunity
to gather information regarding the various types of capital (financial,
production, human, intellectual, natural and social) in a common platform
that allows their more adequate management [6].
Integrated reporting requires a new reporting approach according to
which the value of the company is determined by all types of capital used. It
provides opportunities for creating and maintaining the company's value
(capital) in short, medium or long term.
In order to implement integrated reporting, it is necessary to outline the
tasks it has to decide, namely [7]:
 Improving the quality of information available to financial capital
providers for a more efficient and productive distribution of the capital;
 Promoting a more comprehensive and effective approach to corporate
reporting in order to improve the organization's ability to create value over
time;
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 Improving the reporting and storage of all types of capital, keeping the
right understanding of their interdependence;
 Maintaining an integrated thinking through decision-making and action
aimed at creating value in short, medium or long term.
The main purpose of the integrated report is to provide financial and nonfinancial performance indicators about the undertaking and inform the
potential users about how it creates value over time.
Such a type of information is already obligatory in Bulgaria through the
requirement to produce a non-financial statement regarding certain groups of
undertakings, whose scope is defined in the Accountancy Act.
BULGARIAN TRANSPORT UNGERTAKINGS AND INTEGRATED
REPORTING
The requirement to present non-financial information is not a novelty for
Bulgarian accounting practice. However, with the adoption of the new
Accounting Act from the beginning of 2016, this information is set out in a
separate document. In this law, as a result of the transposition of European
Union legislation into a certain range of undertakings, some requirements
have been imposed on the preparation of the non-financial declaration [2].
The latter is a step further towards the integrated reporting. Undertakings
that fall within the scope of this requirement are "large undertakings which
are public interest undertakings and by 31 of December of the reporting
period exceed the average number of employees in the financial year of 500"
(Article 48 of the Accountancy Act). In other words, two criteria are
required to these undertakings at the same time:
• To be major undertakings that are in the public interest and
• At the end of the reporting period, average staff numbers are equal to or
greater than 500.
Some major transport companies of the country, such as Holding "BDZ"
EAD, Bulgaria Air, Sofia Auto transport EAD, and others refer to these
undertakings. The norms for preparing a non-financial declaration are set out
in Art. 48-50 of the Accounting Act. These norms are transposed by the
application of § 6 of Directive 2014/95 / EC in Bulgaria. It is determined that
this declaration should be prepared for reporting periods that are after 1 st of
January 2017, i.e. there is still no accumulated practice and basis for an
analysis of its preparation, the level of disclosure, its usefulness, and so on.
When making a non-financial statement, companies have a choice - this may
be an integral part of the activity report, or a separate report, which must be
published together with the activity report and the annual financial
statement. Subsidiaries are relieved not to make a non-financial statement, if
they and their subsidiaries are included in the consolidated activity report or
in the separate report of another undertaking. Parent undertakings which are
public interest undertakings and exceed the requirement for 500 persons of
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personnel must include in the consolidated activity report a consolidated
non-financial declaration.
The non-financial declaration includes a description of the policy adopted
by the undertakings in relation to the activities they carry out in several areas
- in the field of ecology; social issues; employee issues, which in turn may
include information on gender participation in governance, staff education,
measures against the corruption, religion, gender equality, etc. In line with
Accountancy Act the non-financial declaration has to have the following
information:
 brief description of the business model of the undertaking, i.e. to
indicate the purpose, strategy, organizational structure, policies pursued with
regard to basic and auxiliary activities and others;
 description of the company's policies regarding the environmental and
social issues, including the activities carried out during the reporting period
and the results thereof;
 objectives, risks and tasks that lie ahead in relation to environmental
and social policies, including a description of such activities that would have
adverse environmental, employee or other social impacts;

description of the main indicators about the results of the
environmental and social activities.
Some Bulgarian transport companies already prepared a non-financial
declaration for the last financial year 2017. This is a step towards for
improving the approach of management of their business in a responsible
and sustainable way which will lead to value creation for all stakeholders.
This value is increasingly determined by factors beyond financial
performance - environmental and social responsibility, reputation in society,
stakeholder engagement, and investment in employee development. This
will lead to sustainable business development.
CONCLUSION
The transition to integrated reporting is inevitable for transport
companies. In line with the requirements for sustainable transport
development [8], it is necessary to make it clear whether these undertakings
develop environmentally friendly and how they create value over time.
Making a non-financial declaration, some Bulgarian transport companies
are starting transition to integrated reporting. As it has been shown in the
article, the integrated report aims to present the financial and non-financial
aspects of the undertaking's activities and explain to potential reporting users
how an undertaking generates value over time. In this respect, companies
will need to reorganize their reporting to generate information that will be
included in the integrated report. Disclosure of the non-financial information
should necessarily be linked to the establishment of a unified system of
indicators in specific disclosure areas, which has to be applied in order to
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increase the comparability and analytical qualities of the disclosed
information.
In this relation, there are good practices all over the world. For example,
there are specially-designed annual awards for best integrated report [9].
They can be useful for all companies that are beginning to reorganize their
reporting to produce an integrated report.
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Abstract
Crowdsourced data collection influences not only the further
development of the road traffic but also the smart city as a whole. Through
crowdsourcing, citizens can contribute in collecting data using sensors that
are already embedded in their mobile devices. The range of new applications
based on the crowdsourcing concept is wide and diverse: it can be used to
estimate the real-time bus arrivals; or to provide more accurate information
related to the current traffic congestions that can further be used to improve
navigation. In this paper we will discuss the challenges related to the data
collection and focus on the advantages that crowdsourcing could bring to the
road traffic. The implementation of 4G LTE in cars is an additional source of
information that we will consider. By combining user data such as location
signals and search queries, control centers are able to find different origindestination patterns. This way we can fulfill the promise of ubiquitous
technologies making life better.
Keywords – crowdsourcing; road traffic; 4G LTE

INTRODUCTION
Traffic accidents interrupt the normal functioning of traffic and may
cause serious problems in urban areas all around the world. Different studies
have shown that drivers are cruising around for more than 15 minutes in
order to find a parking lot in the downtown area increasing traffic congestion
by more than 30% [1]. The information obtained through crowdsourcing can
be used by traffic control centres to solve different range of problems related
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to the traffic. Rapid development of communication technologies combined
with high data speed achieved through 4G LTE technology enables citizens
to use their smart phones for sending different traffic data to the control
centres. Not only different kind of data, but also very precisely determined
location associated with the given data can be sent just by using smartphone
equipped with GPS sensors. The latest trends in automotive industry include
implementation of 4G LTE wireless technology in all vehicles. This would
influence the further development of the crowdsourcing and its greater
application in solving different problems such as recognizing traffic
accidents and congestions, finding free parking lots, managing smart
transport systems, valuating level of damage for different roads by finding
holes and recesses on the roads, building safety systems in urban
environments, etc. Collecting traffic data so far required the installation of
video cameras, parking sensors, fix sensors such as inductive detector loops.
Installing these devices and their maintenance is expensive, while collecting
data is limited in terms of its location and infrastructure. This is one of the
reasons why there is a growing need for complementary data collection by
using smart phones equipped with GPS sensors. The possession of
smartphones and their continual connection to the Internet allow user data to
be sent and processed in the real time. The further sections of this paper will
consider different ways of collecting data, using different sensors available
in smartphones, directions of the crowdsourcing development and its
potential contribution in the road traffic field.
RELATED WORK
More and more studies explore how crowdsourcing can be used to solve
different traffic problems such as road surface assessment [2], collecting data
about movements of other vehicles with the aim to find free parking lots in
the real time [3], traffic prediction in Internet of vehicles [4], and getting
notifications related to the traffic congestions [5].
Wan et al. [4] tried to solve problem of directing vehicles by calculating
static data in order to predict traffic in the real time. They have investigated
traditional predictive approach of communication between vehicles (V2V) as
well as communication between vehicle and infrastructure (V2I) and
suggested crowdsourcing technique where a large group of individuals share
data collected using their smartphones as the support mechanism for
selecting dynamic routes in order to avoid congestions in traffic [4]. Lan and
Shih proposed solution that determines availability of free parking lots based
on the crowdsourcing concept [3]. Data related to the available parking lots
is collected in the real time using smartphones and their embedded sensors.
They have presented a system that follows driver in order to reveal the
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moment when the parking lot becomes available. If a smartphone identifies a
driver entering the facility near the parking lot, the system assumes that the
parking lot would soon become available. Identifying the moment when the
parking lot becomes available using crowdsourcing concept is not new [6],
but previous researches and solutions such as Google OpenSpot [7] required
from driver to manually report the moment of leaving the parking lot.
Li and Godlberg introduced a new system based on the crowdsensing for
the road surface assessment [2]. The advantage of this concept lays in its low
price and the great efficiency of individual sensor devices. The Fig. 1. shows
the architecture of the system.

Fig.1. System architecture for crowdsensing road surface roughness [2]

The study have shown that sensors such as GPS receiver and
accelerometer embedded in smartphones are good enough to estimate quality
of the road. These sensors are utilized to capture a spatial series of the georeferenced Z-axis accelerations of the road surface, which are used to
compute two assessment indexes that aid in determining the road quality.
[2]. A similar project was launched in Boston in 2012 when an android
application Street Bump was developed. This application was able to
automatically locate the damaged parts of the roads. The first version of the
application was not able to separate road surface roughness from the real
holes in the road nor was it able to determine if the drivers were using
phones while driving [8]. Previously mentioned investigations highlight the
great possibilities of crowdsourcing concept for collecting data and solving
significant problems in the traffic field. However, the safety of road users
and the maintenance of the traffic system itself can be compromised if the
received information lack accuracy, reliability or timeliness. The future
researches should be directed toward overcoming these challenges, as this
traffic system should soon be integrated in the network of Internet vehicles.

103

CROWDSOURCING ISSUES
Data collection and participatory sensing are examples of crowdsourcing
models, and they belong to the same group called Citizen Science. In Citizen
Science projects volunteers are invited to collaborate in the scientific
investigations applying some human cognitive ability [9]. The group consist
of members that are not scientists. Collecting data this way has some
advantages, but the greatest disadvantage is the participant’s lack of
motivation to take part in the data collection. The big challenge of the
crowdsourcing at the beginning of the application development is the
motivation of users to participate in sending data even though they cannot
get any benefit from it. This method brings challenges to motivate
individuals to engage in data collection [9]. The quality of collected data
decreases and represents the main problem in the crowdsourcing activities.
On the other hand, a user is concerned about possible misuse of the collected
personal data. It is easy to find and collect personal information available on
the social networks. Therefore, it is necessary to think about restricting the
access to the data in a way that only registered users would receive
information. Previously mentioned issues can be classified as legal
refereeing the abuse of personal information and the protection of
intellectual property rights, while ethical issues include privacy and accuracy
of the collected information [10]. While developing crowdsourcing model,
these issues must be taken care of.
DATA COLLECTION
Crowd-sourced traffic information represent data obtained from actual
vehicles or received by smartphones. This source of information replaces
previously ways of data collecting obtained through physical infrastructure
such as roadside sensors. Cars can connect to the Internet via applications
such as Ford Sync or BMW’s ConnectedDrive system, or through a
smartphone application. Inrix is the company that made agreements with the
car manufacturers including Audi, BMW, Ford and Toyota. In some models
of their cars there is a built-in computer connectivity. Inrix Traffic is a free
downloadable application for mobile devices that delivers real-time traffic
data on Google Maps [11]. Traffic and transportation technology researchers
advocate the use of smaprtphone networks to collect data on traffic and road
conditions. However, the current disadvantage of these systems is related to
the delay of the feedback. If the information is not timely delivered, drivers
and other users of the application would become dissatisfied with the quality
of the service itself.
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Fig.2. Possibilities of getting information from crowdsourced data collection in
road traffic

The Fig. 2. shows the possibilities of getting information obtained
through crowdsourcing in the field of road traffic. Using 4G network built in
their vehicles, or sensors such as GPS, accelerometer, and etc. embedded in
their smartphones, users send data to the traffic operation centres. After this
data is processed in almost real-time, user can get the feedback that can
significantly influence the decrease of traffic jams and emission of harmful
gases. Using the position of the vehicle and the direction of its movement,
different information can be obtained, such as: the nearest parking lot,
current traffic congestion on the observed section of the road, traffic
accidents, etc. Control centres can use the data to the road surface
assessment or to identify patterns when drivers move in certain situation.
Due to the fact that the quality and accuracy of GPS-based and
crowdsourcing technologies are continually improving [12], in the very near
future, smart cars will represent the main source of information, but until
then, users of these services and drivers must be aware of their contribution
made by sending data and the meaning of the received feedback.
CONCLUSION AND FUTURE WORK
The aim of this paper was to identify possibilities of using crowdsourcing
in the road traffic development as well as to highlight potential problems, the
possible shortcomings that are present during data collection using
crowdsourcing model. We have concluded that the main problems relates to
the protection of personal data, privacy and the accuracy of the information.
On the other hand, the lack of motivation to use application and
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inappropriate data sent by users affects the quality of the feedback. Many
studies highlighted advantages and potential usages of this model in the road
traffic such as: road surface assessment, collecting data about movements of
other vehicles with the aim to find free parking lots in the real time, traffic
prediction in Internet of vehicles, getting notifications related to the traffic
congestions. The future researches would be directed toward developing
crowdsourcing model that would decrease the disadvantages of the previous
application with a particular impact on the users’ motivation to participate in
crowdsourcing.
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Abstract
Children can travel with the purpose of going to school by going to
school accompanied by an adult, or they will independently realize their
journey. A wide range of research shows that children spend less time
without escorts to travel to and from school, outdoors or socializing with
friends in the neighborhood than they were in the past, with whether children
traveling with the purpose of going to school independently realize or will
travel accompanied by an adult, influenced by factors related to parents,
factors that represent the characteristic or attribute of the child, age and
gender, and the mode of work of educational institutions. In countries that
have been studying the independence of children with regard to the
realization of a trip with the purpose of going to school, measures aimed at
improving the stability in the realization of these trips are applied. The most
popular measures, that is, the concepts that contribute to improving
childhood stability are school travel plans, walking bus and bicycle train
concepts, as well as safe routes on the way to school. This paper analyzes the
attitudes and habits of pupils and students in the territory of Ub municipality
in terms of how to travel from home to school and back, as well as the
difficulties and dangers they face when traveling, in order to determine the
way in which it gender, as a factor, independence of the realization of a trip
whose purpose is going to school.
Keywords - trip with the purpose of going to school; gender; age
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INTRODUCTION
After identifying physical inactivity as a main risk factor for global
mortality rate, World Health Organization recommends at least one hour a
day of moderately strong physical activity for children of school age. Today,
children spend most of their time in an enclosed space, often using electronic
media for entertainment, thus strategies promoting physical activity among
youth are extremely important. One example is promotion of active
transportation (i.e. hiking, bicycling) to school, which can encourage
physical activity among children of school age since the children who walk
their way to school become more and more active than the children who
travel by car or other transportation means.
Lately less and less children travel to school independently, without any
adults accompanying them. However, traveling to school in that manner has
numerous advantages [1].
In the process of creating this work, an analyses of attitudes and habits of
pupils on the territory of municipality of Ub was conducted in order to
gather the info on the means of travelling from home to school and vice
versa, but also the difficulties and dangers children encounter while
travelling. Analysis was conducted in order to determine the way gender as a
factor influences traveling with purpose of getting to school, whilst other
factors thought to influence the fact will a child travel to school alone or be
accompanied by an adult discussed as well.
TRAVELLING WITH A PURPOSE OF GETTING TO SCHOOL
Travelling to school can be done by children going to school by
themselves or accompanied by an adult. Broad spectrum of research show
that children spend less time travelling by themselves, playing with friends
or spending time with children from the neighborhood then they did in the
past. Study of mobility in UK reveals that the percentage of children at the
age of 7-10 travelling to school without anyone accompanying them has
significantly dropped in the range from 1971 to 1990. According to
children’s claims, travelling to school without an adult company have
dropped from 72% to 7% for children at the age of 7 and for children at the
age of 10-11, the percentage has dropped from 94% to 54% in the range of
1971 to 1990. For primary school pupils (age 5 – 10), during the course of
10 years, from 1992 to 2002, role of an automobile in traveling to school has
increased from 30% to 40%, while the rate of travelling by foot has
decreased from 61% to 52% in the same time span. For high school students,
there has been a drop of traveling by foot from 44% to 40% which lead to
the increase of travelling by car from 16% to 23%. This drop of traveling by
foot percentage is more dramatic for primary school pupils than it is for the
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high school students. In the year of 2002, 79% percent of children aged from
7 – 10 was accompanied to school by an adult [1].
Level of independency of children, when it comes to the way of
travelling, can influence their physical, social, cognitive and emotional
growth. For example, freedom of movement without company of an adult is
significantly related to physical activity amongst children. Besides,
independent children spend more time with their peers [2].
Independence of a child while traveling to and back from school is a
result of a complex interactions of factors, in which attributes of a child are
included (age, gender, etc.) and also the attributes of parents (parents’ fear
when it comes to the safety of their children in traffic), external environment
in which they live along with the cultural and social norms that influence
choices and behavior of people [1].
In a study “Environment and parental factors as determinants of mode for
children’s leisure travel”, it has been concluded that traffic causes a great
deal of concern among parents, thus parents do not allow their children to
travel to schoool on their own. That concern among parents can be reduced
by improving the safety of children on school trips by implementing school
zones [3]. Law on Traffic Safety defines school zones in which children are
enabled to travel to school without the compan of an adult. As opposed to
school zones, where children are free to travel to schools by themselves,
traffic outside those zones is the main issue. Namely, in the area of city of
Novi Sad, there has been 428 car accidents from 2010 to 2013 that have
children involved. 51 car accident has happened in the area of school zones
(covering 200 meters in the school zone), making it 11.9% of the total above
mentioned [4].
Results imply that people who plan and create traffic policies should
focus on improvement of traffic and promotion of more favorable
perspective towards independent traveling to schools leading to reducing the
use of automotive transport and increasing travelling to school by foot
without the company of an adult [3].
Numerous research have proved that the most influencing factor,
representing also the attribute of a child, when it comes to individual
travelling to school is age, where it has been pointed out that the
individuality and independence thrives as the children grow older, [1], [2].
Along with the factor of age, quite often gender is listed as an important
factor, where boys are more independent then girls. In accordance with that,
analysis based on the influence of gender on the independence on the
territory of municipality of Ub has been made.
Researching the characteristics of travelling with the purpose of getting to
school, focusing on the independence of the children travelling, is done
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mainly by countries of EU, along with Australia, USA and Canada. Based on
numerous researches, these countries have defined certain factors that
influence whether the children will come to school by themselves or in a
company of an adult, pointing out to the same influential factors.
Identification of the factors we are talking about that influence whether the
children will come to school by themselves or in a company of an adult is
not possible in Serbia as the countries that have dealt with this issues, do not
have the same problems as Serbia does. Namely, there is no other European
country that has schools where classes are held in two shifts per day. This
type of education enables pupils to do all of their school\home work in
schools but it also enables parents to dedicate time to their children including
mainly extracurricular activities. This also means that parents do not have to
wait their children to arrive from school as pupils return home during the
day. In Serbia, second shift pupils have classes ending from 18 – 20h,
depending on the number of classes scheduled for that day, forcing children
to come back home when it is already dark outside. Current curriculum in
Serbia makes pupils to do their homework upon their return home which
means they have to carry their books to and from school which raises yet
another issues developed countries eliminated – heavy school bags. Due to
the two-shift system and heavy school bags, pupils are often accompanied by
an adult in their way to and back from school.
RESULTS OF THE RESEARCH
While creating this paper, already existing research was used [5]
conducted by surveys whose main participants were primary school pupils,
where the stress was on the attitudes and habits of pupils on the territory of
municipality of Ub in regards of means of travelling to school and the
difficulties pupils encounter during those journeys.
Research has been conducted in the developed countries, where the
emphasis was on the attributes of a child influencing the independence of
children in school trips, where the main factor determining whether a child
will travel to school on its own or with a company of an adult was actually
the age of a child. Besides age, as influential factors depending on the child
itself, gender and the environment where a child thrives are also listed.
Regardless of the fact that, among these three factors, age comes as the most
important one, data derived from the research used for this work, are
analyzed based on gender structure due to inaccessibility of original data.
Based on the survey with 60 participants, first their socio-demographic
characteristics were analyzed [5], survey included with 37 boys (67%) and
23 girls (38%).
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Majority of subjects reside in rural part of municipality of Ub, 59.5% of
males and 52.2% females, to be more precise. Age structure of the subjects
has been depicted through the grades pupils attend, there are 11% of boys
and 13% girls attending first grade, 8% of boys and 13% of girls in second
grade, 19% of boys and 30% of girls attend third grade and they are the
largest group, 5% of boys and 17% of girls attend fourth grade, while the
majority of girls attend lower grades, up to fourth grade, as opposed to boys
who attend higher grades (from IV to VIII) (Fig. 1.).
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Fig. 1 Age structure of the subjects

This survey included questions such as what are the means of
transportation most commonly used while travelling to school, but it also
included divisions on the means of transportation based on gender of the
subjects (as displayed in the chart below). It showed that girls travel to
school more often by foot and by car, which is more than boys. Namely,
48% of girls travel by foot, 22% by bus and 30% by car. Boys tend to use a
bus and bicycle when travelling to school (girls do not use bicycle at all
while travelling to school), 36% of boys travel by foot, 33% by bus, 27% by
car and 4% use bicycle to travel to school (Fig. 2.).
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20%
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By foot
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Boy

By car
Girl

By bicycle

Fig. 2. Division of answers on the question:”How do you travel to school most
often?”

When a child travels to school on its own, it can go alone or with other
children. Boys prefer going to school with other children while girls are
accompanied by their parents or grandparents, but also girl are travelling to
school alone in larger number then boys (Fig. 3.). Majority of boys are
accompanied to school by a brother or sister (46%), 16% is accompanied by
their parents or grandparents, 24% by their friends from the neighborhood
and 14% of pupils travel to school alone. Similar to percentage of boys, most
of the girls are walking their way to school (39%), 26% with their parents or
grandparents, 17% with their friends from the neighborhood and 17% of
girls are travelling to school alone.
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Fig. 3. Division of answers on the question:” With whom do you travel to school
most often?”

Time spent on travelling to school, meaning the distance from home to
school, can influence whether the children would be accompanied to school
by their parents or not. 61% of girls and 27% of boys get from home to
school in 10 minutes which means that these pupils are probably not
accompanied by anyone when traveling to school; 35% of boys and 22% of
girls get from their home to school in the time span of 10 to 20 minutes; 16%
of boys and 13% of girls get to school within 20 to 30 minutes and only 5%
of boys travel from their home to school in a time span exceeding 30
minutes (Fig. 4).
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Fig. 4. Division of answers on the question:” How much time do you need to get to
school?”
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CONCLUSION
Travelling with the purpose of getting from home to school can be done
independently by the children without anyone accompanying them or with a
company of an adult person. Level of that independency can be influenced
by numerous factors linked with the characteristics of the children
themselves, with the attitudes of their parents and with the environment the
children live in. The most important factors influencing the independence of
a child while travelling to school are age, gender and the environment they
live in.
In the research done within the process of creating this paper, all the
questions are analyzed from the viewpoint of age as a factor influencing the
independence of a child travelling to school, due to insufficiency of data.
The subjects in this research were 37 boys (62%) and 23 girls (38%), adding
that 95% of boys and 91% of girls have a brother or a sister. It is depicted
that boys travel with their friends from the neighborhood more often than
girls do, but also boys tend to travel more with their brother or sister while
girls tend to travel more accompanied by their parents or grandparents. 30%
of girls and 27% of boys travel to school by an automobile which means
these children have to be accompanied by an adult as they cannot travel to
school on their own. Means of transportation as well as the question with
whom the children travels to and from school are the main defining points of
their independence while travelling to school which then lead to a conclusion
that girls are less independent than boys when it comes to mobility in
transportation.
To determine all the parameters influencing the independent journey with
a purpose of getting to school, besides the gender factor, a research must be
done that will include not only pupils but their parents as well. In that
manner, we could determine which factors detected in other countries as
well could be detected and explored in Serbia influencing the independent
journey with a purpose of getting to school with or without a company of an
adult. These factors, as already mentioned in the paper can be: gender, age,
the environment a child lives in, distance from home to school, behavior and
attitudes of the parents (in regards of dangers in traffic and dangers that
include unknown subjects), socio-economic status, schools’ working hours
(a lot of children are travelling home when it is already dark outside and
some parents tend to pick up their children from school for that reason); and
these factors will help defining measures that will increase the independence
of travelling to school.
In case parents feel that their child is not capable travelling to school
alone, due to safety reasons or other factors, there are solutions that would
reduce a number of children driven to school by their parents and, at the
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same time, increase the mobility of children. These solutions can be
implementation of a “walking bus” system, “bicycle train” and marking safe
routs to schools.
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Abstract
Bicycle levels of service (BLOS) methodologies have been developed for
suburban and urban as well as for rural road segments. Previous researches
have mainly used video simulations to survey riders about their riding
behaviours and to gauge their perceptions about safety and their comfort
level. Thus, the present study is based on real perceptions from bicyclists
traveling in actual urban traffic and roadway conditions. The present paper
describes, various operational and physical factors along with user
perception data sets were collected from 13 road segments in the city of
Pristina. For the estimation of a mathematical model for the Bicycle Level of
Service, a linear regression model was used. Incorporating outputs of the
regression model, a predictive equation is presented that can identify under
what level a segment is offering services for bicycle use.
Keywords - Bicycle Service Level; real perception of cyclist; safety;
comfort

¹ original scientific paper

119

INTRODUCTION
In the last decades, European Countries are paying particular attention in
undertaking proper planning and developing the traffic for cyclists.
Compared to other cities in Europe, the traffic for cyclists in the city of
Pristina has not been treated properly.The low level of use of bicycles is also
connected to weak urban planning which is pertaining almost two last
decades in the city of Pristina. During this period, road infrastructure
planning and construction has been mainly focused in addressing topics of
motorized vehicles without taking into consideration what are requirements
and needs for active movements. Recent data available on daily transport of
passengers in Pristina city show that there is only 1% of traffic conducted by
bicycles [1]. The problem is not only in absence of cyclists’ lanes but also in
narrow and overloaded lanes for motorized vehicles. As regards special lanes
dedicated to cyclists there is a problem which associate with them and that is
the mentality of vehicle drivers and passengers. Based on online survey in
which 1579 respondents participated, only 1.25% of them stated they use
bicycle as principal way of movement in the city of Pristina. Surveys
conducted to households regarding safety of movement by bicycles in road,
show about 39.1% of respondents who consider that bicycle traffic is
dangerous in the road network of Pristina. Nevertheless, about 53.6% of
respondents stated they are willing to use bicycles like transportation manner
with condition of cyclists’ infrastructure and safety improvement.
The criterions of service level for drivers, cyclists and pedestrians is
relied on various parameters, therefore calculation is also done based on
various input data. The level of service for vehicles is primarily depended
on the speed, movement and traffic constrains, while calculation of the
service level for cyclists is done taking into account safety, convenience and
comfort.As regards urban circumstances, Bicycle Level of Service (BLOS),
is addressed for parts of roads and for intersections. Davis (1987) developed
the Bicycle Safety Index Rating (BSIR) which itself contains two submodels , one for roadway segments and one for intersections the safety of
roadway segments depends on traffic volume, outside lane width, speed
limit, pavement condition, and geometric factors [2]. Safety factors which
have an impact in the roadway segments depends on traffic volume, speed
limit, outside lane width, pavement condition, and a variety of geometric
factors. Nevertheless, safety factors which have an impact in the
intersections depends on traffic volume, the type of signalization, and
several geometric factors. Harkey et al (1988) developed a Bicycle
Compatibility Index (BCI) for suburban and urban roadways at midblock
locations [3].
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The methodology used in obtaining the perspectives of bicyclists in this
study consisted of having participants view numerous roadway segments
captured on videotape and rate these segments with respect to how
comfortable they would be riding there under the geometric and operational
conditions shown.Landis et al. (1997) have developed a Bicycle Level of
Service (BLOS) model for roadway segments by having bicyclists ride
selected roadway segments on a real-life course and provide comfort and
safety ratings on a scale of A through F [4]. Botma (1995)proposed service
level methodologies for bicycle paths and bicycle pedestrian paths. The most
current version, the HCM 2016, has included a multi-modal service level
(MMLOS) method for urban streets. The MMLOS framework takes into
consideration the perspectives of motor vehicle drivers, pedestrians, bicycles
and transit users on different types of transportation facilities including
intersections and urban streets[6]. One of the key features is that it integrates
the effects of motor vehicles on pedestrians and bicyclists. For bicycles this
latest edition emphasizes BLOS measures of cycling comfort based on the
quality of bicycle facilities and the speed and density of motor vehicle traffic
next to the facilities. The sole model in Europe which addressed bicycle
service level is developed by Jensen (2007). The results provide a measure
of how well urban and rural roads accommodate pedestrian and bicycle
travel [7].Until 2004, many attempts at developing a LOS standard have
been made for describing urban traffic, but no research has specifically
focused on describing rural bicycle traffic. Therefore, the sole model dealing
with bicycle service level on rural conditions is developed by Jones(2004).
The Rural Bicycle Compatibility Index model (RBCI) was developed using
modern technology such as digital video, the Internet, and server based
surveying techniques, to allow subjects to view roadways that they may have
never seen or ridden on, and then assign a rating to those roadways based on
the representative conditions that they saw presented [8].
METHODS AND DATA COLLECTION
The data for this study is collected in Pristina city which is the capital of
Kosovo. The population of Pristina is around 200 000 inhabitants [9], which
when taking into account Pristina district, the population is calculated to be
around 500 000 inhabitants. Data for this study are collected on 13 roads
with mixed traffic of the road network of Pristina by various characteristics
of roads and traffic (Fig.1).
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Fig.1. Cyclists paths through roads on which the research is conducted

74 respondents participated in this research and each of them gave an
approach for these thirteen roads. Face to face questionnaires contributed in
regard to key factors which have an impact in safety and commodity when
riding bicycles in the roads. Gender representation in this research is 68%
male and 32% female. Questionnaires are compiled with intention to get
perceptions of respondents on main factors which have an impact on road
traffic safety. Questionnaires apart including data on age and gender
contained also questions on their experience of respondents about driving.
These questions closely match those used in the BCI survey [9, 10]. The
questionnaire is divided into three main fields. The first one is about
demographic data relating to the age and gender. The second field is about

respondents’ experience on riding bicycles. The last field of the
questionnaire through Likert scale (1-6), is about the impact of key
factors on road bicycle riding safety.
IDENTIFICATION OF KEY FACTORS THAT AFFECT BICYCLE
SERVICE LEVEL
The number of possible factors was initially selected based on previous
studies conducted so far related to the impact of these factors on the use of
bicycles. Then, the number of key factors has been revised by different focus
groups. Focus groups were mainly small groups, who made the assessment
of the factors according to certain criteria, taking into account the particular
experience, attitudes and special experience in the areas of transport and
cycling. Therefore, this type of survey does not result in statistically
significant data, but can be useful when collecting qualitative information
[12].
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Based on the discussions it is estimated that for the needs of this study
will be analyzed the impact of the road characteristics, traffic and
environmental infrastructure. (Table 1).
Table 1. Roadway and traffic characteristics for bicycling
Thematic categories
Attributes
Traffic characteristics

- Traffic volume
- Vehicle speed
- Heavy vehicles

Road characteristics

-

Environmental characteristics

Right-hand width
Pavement surface condition
The presence of Cycle Lane
Physically separated bicycle paths
The presence of on–street parking
Climatic conditions

With intention to establish mathematical model for assessment of Bicycle
Level of Service, database is established based on the research conducted on
thirteen various roads of the road network in Pristina city.
After assessment within groups, selected factors are reflected in the
following figure 2.

Fig.2. Values of attributes in the interval 0-1
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REGRESSION ANALYSIS TO DEVELOP BICYCLE LEVEL OF
SERVICE MODEL BASED ON REAL PERCEPTION OF CYCLISTS
Establishment of model is done applying stepwise regression analysis.
There is strong correlation between independent variables which conditioned
modelling through some variants of combined variables.
Using linear regression, the model is as follows:

(1)
Due to testing of variations, the most appropriate way of regression
equation is as follows:

(2)
Establishment of model is done applying stepwise regression analysis.
There is strong correlation between independent variables which conditioned
modelling through some variants of combined variables. Table 2 contains
four out of many models for which coefficients have been tested.
Table 2. Variants for establishment of model using stepwise regression analysis

Model

Model Coefficients and Statistics
Coefficientsa
Standa
Unstandardized
rd
Coefficients
Coeffi
t
cients
Std.
B
Beta
Error

1

(Constant)

-6.343

.328

2.642

.081

2

Traffic Volume
ln(Vol15/L)
(Constant)

-3.435

.323

1.613

.091

.479

8.055

.475

.458

3

Speed and HV
ln(S(1+HV)
Pavement Condition
(PC)-2
(Constant)

-4.094

.326

1.496

.089

Traffic Volume
ln(Vol15/L)

.785

.444
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Sig.

Collinearity
Statistics
Toler
ance

VIF

1.000

1.000

-19.348

.000

32.620

.000

-10.631

.000

17.742

.000

.554

1.803

16.965

.000

.554

1.803

-12.565

.000

16.746

.000

.535

1.868

4

Pavement Condition
(PC)-2
Speed and HV
ln(S(1+HV)
(Constant)

6.439

.513

.366

12.551

.000

.443

2.259

.242

.034

.180

7.013

.000

.571

1.750

-4.406

.329

Traffic Volume
1.585
ln(Vol15/L)
Pavement Condition
5.987
(PC)-2
Speed and HV
.298
ln(S(1+HV)
Effective width of
-.021
outside lane (We)2
a. Dependent Variable: Overall perception

-13.393

.000

.090

.471

17.539

.000

.509

1.964

.516

.340

11.599

.000

.425

2.351

.036

.222

8.206

.000

.503

1.990

.005

-.096

-4.429

.000

.785

1.275

Once analysing statistical results gained by the model, it may be
ascertained that the last model of Variant 4 with value R Square = 0.758
(Table 3), in a proper way presents empirical data. Since this model (Model
4) has high scale of correlation and small statistical error it was selected to
be used.

Model

Table 3. Model Summary
R Square
Adjusted R Square

R

Std. Error

1
2

a

.785
.856b

.616
.732

.615
.731

.70275
.58727

3
4

.866c
.871d

.751
.758

.749
.756

.56703
.55922

After variables have been tested, the following model is gained:

(3)
BICYCLE LEVEL OF SERVICE SCORE
Initially, the average distribution of overall perception is tested,
respectively the average of overall perception of all respondents. The lower
perception was 1.48, while the highest was 5.81. Above mentioned values
(1.48 and 5.81) are extreme values which might be expected in real life
cases.
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In this regard, the line drawn between these two extreme points, which
approximately is „50 percentile”, along the line responds overall perception
of 3.80 (Table 4). Since there are six service levels (A-F), the extreme
perception which responds „50 percentile” (3.80) is selected as the point in
the middle LOS-C and LOS-D (Fig.3).

Fig.3.Bicycle Service Level score

LOS
A
B
C
D
E
F

Table 4. BLOS Range
BLOS Range
≤ 1.50
1.51-2.80
2.81-3.80
3.81-4.80
4.81-5.80
˃ 5.80

MODEL APPLICATION
Results gained by the model were tested in the road network of Pristina.
Based on data for thirteen roads on which the research is conducted the
following results are reflected in the following Table 5.
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Table 5. Bicycle Level of Service calculation

Nr.

Street name

1
2
3
4
5
6
7
8
9
10
11
12
13

Nazmi Gafurri
Haxhi Zeka
Bajram Bahtiri
Ilir Konushevci
Rruga Migjeni
Fehmi Agani
Luan Haradinaj
Per.Justinjan
Bul. B. Clinton
Lidhja e Pejes
Tahir Sinani
28 Nëntori
Mujë Krasniqi

Veh15

L

114
102
70
157
123
82
63
99
458
477
31
55
32

1
1
1
2
2
1
2
1
3
2
2
1
1

V
(km/h)
40
40
40
40
40
40
40
30
40
60
40
30
40

% HV
11
4.7
5
5.8
2.40
1
5
0
5.60
18
9.80
0
0

PC
(1-5)
3
3
4
3
3
3
3
3
4
3
3
3
3

We
(m)
3.5
4.5
3.5
3.0
3.5
3.0
3.5
3.0
3.0
3.5
3.0
3
3

Score
4.63
4.27
3.55
4.10
3.63
4.15
2.58
4.36
4.86
6.01
1.25
3.45
2.66

BL
OS
D
D
C
C
C
D
B
D
E
F
A
B
B

CONCLUSION
The bicycle level of service categories (A-F) defined in this study can be
used in general in the bicycle level of service analysis of urban streets in the
city of Pristina and will help to the transportation planner and designer for a
bicycle friendly environment. A bicycle map can be produced to attract
bicyclist and a pollution free environment can be predicted.
The important conclusions that are drawn from the present study in
defining Bicycle level of service criteria for urban streets in the city of
Pristina are:
- Compared to the existing model in use (BLOS model developed by
FDOT 2009 [13]), the BLOS model which is calibrated for the city
of Pristina having higher coefficient values for a1 and a4 and lower
value for a2 and a3.
- From the results of the model it was found, that the numbers of
motorized vehicles, vehicular speed and percentage of heavy
vehicles have a negative impact and width of outside through lane,
pavement condition rating have a positive impact on Bicycle Level
of Service- BLOS.
- In this study it was found that, the Pristina road network does not
offer good conditions for the bicycleit. Also, it was found that
bicycle traveled, more often, at the poor quality of service of “D”,
“E” and “F”, than good quality of service of “A”, “B” and “C”.

127

REFERENCES
[1] Mott MacDonald.: “Prishtina Sustainable Urban Mobility Plan,”
Prishtina, 2017.
[2] Davis,J.: Bicycle Safety Evaluation, City of Chattanooga, and
Chattanooga-Hamilton County Regional Planning Commission, TN,
1987..
[3] Harkey, D. L., D. W. Reinfurt, M. Knuiman, J. R. Stewart, and A.
Sorton.: “Development of the Bicycle Compatibility Index: A Level of
Service Concept, Final Report,” Publication FHWA-RD-98-072.
FHWA, U.S Department of Transportation, 1988.
[4] Landis, B. W., Vattikuti, V. R. Brannick , M. T.: “Real-Time Human
Perceptions Toward a Bicycle Level of Service,” Transportation
Research Record, 1578, Transportation Research Board, Washington ,
D.C, pp. pp. 119-126., 1997.
[5] Botma,H.: “Method to Determine Level of Service for Bicycle Paths
and Pedestrian-Bicycle Paths,” Transportation Research Record, 1995.
[6] “Urban Street Facilities.:” TRB, Chapter 16, pp. 1–33, 2016.
[7] Jensen, S.: “Pedestrian and Bicyclist Level of Service on Roadway
Segments,” Journal of the Transportation Research Board, 2007.
[8] Jone.E,G.: “DEVELOPMENT OF RURAL BICYCLE
COMPATIBILITY INDEX,” NDOR Research Project Number SPRPL-1(038) P533 Transportation Research Studies, Nebraska, 2004.
[9] ASK, “Agjencia e Statistikave të Kosovës,” 2011.
[10] Harkey, David, L, Donald W. Reinfurt, Matthew Knuiman, J. Richard
Stewart.: “Development of the Bicycle Compatibility Index: A Level of
Service Concept.,” FHWA-RD-98-072, FHWA, U.S. Department of
Transportation, 1998.
[11] Harkey, D. L., and D. W. Reinfurt.: “The Bicycle Compatibility Index:
A Level of Service Concept,,” Implementation Manual. Report FHWARD-98-905, FHWA, U.S. Department of Transportation, 1988.
[12] Richardson, A. J., E. S. Ampt, A. H. Meyburg.: “Survey methods for
transport planning,” Eucalyptus Press, Melburne, 1995.
[13] Highway Capacity Manual (HCM, 2010), Florida Department Of
Transportation (FDOT), 2009.
[14] Multimodal Level of Service- NCHRP Project 3-70,” TRB, 2010.

128

DOI 10.20544/TTS2018.P14
UDK 504.61:625.7/.8(497.715)

SOME EXPERIENCES OF ENVIRONMENTAL
IMPACT DURRING THE CONSTRUCTION OF
DEMIR KAPIJA – SMOKVICA MOTORWAY¹
Tale Geramitcioski, Vladimir Mijakovski, Vangelce Mitrevski,
University St. Kliment Ohridski Bitola
Faculty of Technical Sciences, Makedonska Falanga 33
Bitola, Macedonia
tale.geramitcioski@uklo.edu.mk
Abstract
This paper presents the results of the impact of measured gases on
environment as a result of blasting in the tunnels and impact of measured
gases from the asphalt base that is part of the construction area in the project
E-75 Motorway, section Demir Kapija – Smokvica. Measured values of
gases СО, CO2, NO, NO2, NOx, after blasting are very high with significant
impact on the environment. Dust (PM particles) with high level of emission
due to tunnel’s rock base and operation of asphalt plant contribute to high air
and environment pollution.
Keywords – tunnels; asphalt base; air pollutant; environment

INTRODUCTION
The Demir Kapija – Smokvica highway project [1] was proposed for
funding by the Macedonian Government through the IPA pre-accession
funds, as priority project for funding by the European Commission. The
Demir Kapija – Smokvica section was the only section of the entire Corridor
10 that was not motorway.
We can definitely consider that, in the European Union, the environmental
impact assessment study is the key mechanism for environmental protection
from the potential adverse effects. This procedure has been transposed in the
Macedonian environmental legislation.
The original Environmental Impact Assessment (EIA) study of the section
Demir Kapija - Smokvica of the highway E-75 (Corridor X) was prepared in
April 2007, [1]. It was based upon comparison of two alternatives, named

¹ professional paper
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Alternative A and Alternative B. The final recommendation of the study was
inconclusive since both alternatives had very high negative impacts on the
natural environment (in the case of Alternative B) on human environment
and higher construction costs (Alternative A).

Fig. 1. Sketch of the alternatives (A and B) elaborated in the EIA Study

As a result of the process of revision of the EIA study a new proposal was
elaborated for Alternative B in order to overcome the most negative impacts
of this alternative. The original route of Alternative B was passing through
the right side of Demir Kapija canyon and over the Bela Voda cave. The new
proposal contains solution that avoids the right side of the narrowest part of
the Demir Kapija canyon and completely avoids Bela Voda cave. The new
design of Alternative B overlaps with Alternative A from the beginning
point and all the way to the exit of the tunnel in the left side of Demir Kapija
canyon. After this point, routes of Alternative A and Alternative B split. The
route of the new Alternative B crosses Vardar River (newly proposed bridge)
and joints the old route of Alternative B at point 2 km +100, The analysis of
impacts of Alternative B in this revised study is based only on the new
alignment of Alternative B and already analysed Alternative A.
Hence, the term Alternative B in this study refers to the new alignment of
Alternative B. Analysis of old Alternative B can be found in the EIA study
prepared in April 2007.
MATERIAL AND METHODS
Subsidiary of Actor ADT - Greece in Macedonia is the main contractor
building the rest of the Motorway A-1 (E-75) from Demir Kapija to
Smokvica, with a length of 28 km (Fig.1), as part of the Pan-European
Corridor X, on the level of highway with permissible speed of 120 km/h, [2].
Construction of the highway section, among other things will include
construction/drilling of 2 tunnels with a total length of over 4,5 km, and 6
bridges with a total length of 1,7 km. The execution of works, causes great
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disorder in eco balance, because most of the construction machines and
systems are generators of dust, toxic gases CO and CO2, NO2H, high levels
of noise and vibration that significantly affect the eco system nearby (Fig. 2).
A lot of studies were performed prior to and during the construction of the
motorway in order to eliminate or reduce (when not possible to eliminate)
negative impacts of the construction on the environement, [3 – 6].

Fig. 2. Construction of the motorway, section Demir Kapija – Smokvica

Asphalt base as a source of air pollution with dust and PP
particles
Base stone is an essential material for the construction of the highway.
Various sizes of stone granules are used for the base of the road and for
production of concrete and asphalt. Crushing and separation of stone creates
dust particles that pollute the air. This also happens during production of
asphalt (Fig. 3). In unfavourable distribution because of strong wind, asphalt
base can be a serious source of pollution to the surrounding air.

Fig. 3. Asphalt base as a source of air pollution and emissions in the construction
area, 2016
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Tunnels T1 and T2 - Air pollutants in construction of motorway
Demir Kapija- Smokvica
In the project, construction of tunnel T1 (left and right bore) in total length
of 2,2 km is planned. (Fig. 4).

Fig. 4. Tunnels T1 (T2) as primary sources of air pollution on site; It looks like the
ventilator in use has no air filters installed. The ventilator with air filter is not used at
the moment, 10.06.2014

Tunnels are drilled with multiple methods of blasting of rocky material (fig.
5 and 5b) (strictly controlled explosions) and drilling with machinery

Fig.5. a) explosive used with controlled charges b) stacking of dynamite

When performing structural works on the tunnel, with very frequent
controlled explosions, gases CO, CO2, NO2 and NOx occur as a by-product,
[7]. It is clear that these gases affect natural world and the nature of the
surrounding area of tunnels. It is necessary to perform measurements and
compare the measured values with permissible limits, in order to assess the
situation on the basis of comparison and to provide recommendations and
guidance on further action for protection of the environment.
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RESULTS AND DISCUSSION
Measured results of the emissions from the asphalt base are given on Fig.
6, and from the tunnel T1, left branch, on Fig.7. The values of PM10 in the
air are given on Table.1.

Fig.6. Measured values of the gases on the asphalt base- CO is on very high level

Fig.7. Eight minutes after the explosion and while values of carbon monoxide were
70 ppm and of dust were 6527.9 microgram/m3 MANY TIMES MORE than limit
value, the machinery and workers entered in the tunnel.
Table 1. Measured values of PM10 in the air by filtering
measured
Permissible
No.
Measuring point
value [g/m3]
value [g/m3]
1. Measuring points
834.1
50
– left branch
2. Measuring points
917.8
50
– right branch
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Note
unsatisfactory
unsatisfactory

Measured values and limits of the relevant components of the air pollutants
as a result of the blasting in tunnels are given below:

Fig.8. Measurements of gases after the explosion at the face of
a) tunnel T1 – left bore b) tunnel T1 – right bore
Dust measurements (particulate matter in the air) are performed with manual
dust detector DUSTMATE, product of TurnKey, UK. Instrument has
nephelometer with pump sucking air, while dust is measured using a laser.
The instrument has its own memory (logger) to record data.
Table 2. Gas measurement in the tunnel T1

In the case of tunnels, as effective means of reducing the emission of
harmful gases into the air as a result of the blasts is the use of filters (Fig. 9)
- gases containing dust pass through a porous medium made of woven or
filler material. Particles in the gas are retained in the filters while the clean
gas that is released from the particles in the system remains tight.
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Fig.9. Textile filters (in the tube) remove and filtrate gases from the tunnel

During the field visit that took place on 10th of June 2014, there was no
notice of dust suppression equipment and trucks, this is especially the case
on the old road used for transportation of workers and materials (right side of
Vardar river). Even though the previous day there was rain, there was still
enormous amount of dust in the area, including the city of Demir Kapija
where the trucks are regularly passing.
The same situation was noticed on 2 September 2014, especially in the city
of Demir Kapija, where the cargo vehicles were passing with high velocity,
raising large quantities of dust that was not suppressed.
CONCLUSION
The measured values of gaseous pollutants in early stages of tunnels
construction works showed values much higher than the permissible given in
the norms and standards, [8 - 12]. The amount of dust in the air also reached
alarming values. As a first measure, the usage of textile tubular filter with
vacuum allows gases and dust to exit the tunnel, while keeping the hard
particles using electrostatic filters, and combined washing solutions which
keep harmful gases ‘trapped’ in the water.
After constructive intervention, the measured values have decreased, but not
enough to declare that air pollution around the constructive site is within the
permissible levels.
So, in the future, more thorough activities must be undertaken in order to
make complex and extensive study of possible technical and technological
measures and solutions for greater reduction of harmful pollutants in the air.
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Abstract
In order to have an efficient toll system and satisfied users, toll managers
need to periodically investigate the users' experience and their requests
regarding the usage of toll facilities. Bearing this in mind, toll managers can
introduce a wide range of measures, aiming to improve the operation of a
toll system and to increase efficiency and LOS. By doing this, toll authorities
meet requests and demands of freeway users. For that purpose, the aim of
this paper is to examine the users´ attitudes regarding the toll collection
systems on the territory of the Republic of Macedonia. Users' attitudes were
collected by conducting an online Google questionnaire. The obtained data
were statistically analysed and the results of this analysis can be used to help
decision makers to optimize the toll collection system in Macedonia.
Keywords - toll collection system; users’ attitudes; freeway

INTRODUCTION
Tolls, as a source of funding, contribute to the development of road
infrastructure and the financing of new investments in the road network. The
toll is the charge for the use of roads, bridges, tunnels and other
infrastructural facilities in order to return construction costs as well as
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operation and maintenance (O&M) costs. Many different toll collection
systems are present in the world. Each of these systems is characterized by
different investment costs, O&M costs and different parameters of
efficiency.
The efficiency of a particular system can be expressed through capacity of
toll lane, passing speed, the number of stops, delays, and others Measures of
Efficiency (MoE). Selecting the optimal tolling system is the main task in
the implementation of tolling. The problem of choosing the system most
commonly occurs in two cases - when the existing system should be
improved and when the current system should be replaced or upgraded. In
both cases the appropriate implementation of the project requires a
significant capital expenditure. In order to select optimal tolling system it is
very important that in addition to the attitudes of toll managers, users’
attitudes are taken into account. In order to have an efficient toll system and
satisfied users, toll managers need to periodically investigate users'
experience and their requests regarding the usage of toll facilities. Bearing
this in mind, toll managers can introduce a wide range of measures, aiming
to improve the operation of a toll system and to increase efficiency and the
level of service. By doing this, toll authorities meet the requests and
demands of freeway users. The aim of this paper is to examine the users´
attitudes regarding the toll collection systems on the territory of the Republic
of Macedonia. Also, the paper provides a brief overview of the literature
related to the analysis of users’ attitudes about the different toll collection
systems in other countries and presents the results of the research.
TOLLING IN MACEDONIA
Toll collection for motorway usage in the Republic of Macedonia bases on
manual toll booths with barriers in open system. Toll charge is paid
manually at the toll plazas, in cash or by bank cards. Road tolling system in
Macedonia consist of 10 toll plazas. The tolling system is often facing
congestion in peak summer time periods. For example, one trip of 50-100km
require 3 or 4 stopping at toll plazas and waiting in queue to pay toll [1].
The road authorities in Macedonia currently introduce an electronic toll
collection system, where toll charge could be paid by smart card and tag,
besides paying in cash or by bank card.
LITERARY REVIEW
The literature offers a significant number of studies dealing with this
issue. However, previous studies on attitudes towards road charging have
been mainly focused on urban contexts, with special attention paid to the
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implementation of congestion charging systems in city centres [2-4]. By
contrast, the literature analyzing the perceptions in rural areas is still limited.
Previous research studies in this field have analyzed the influence of
socioeconomic factors (age, income, trip purpose, etc.) on users’ perceptions
of tolls. The results of these studies are useful to target specific user market
segments as well as predict the future behaviour of citizens. Nevertheless,
they have not generally led to conclusive and coincident results about the
influence of these variables on users’ attitudes [5-6]. On the other hand, the
literature has shown that pricing is more acceptable (a) if the purpose and
benefits of the policy are clearly understood; (b) if the objectives of the
scheme address public concerns, such as environmental issues; and (c) if
revenues are spent in the transport sector [4,7].
Juan Gomez et al. [8] examined the users’ attitudes regarding the toll
collection systems on the territory of Spain. The goal of this paper was to
analyze regional differences in users' perceptions with regard to tolls as an
appropriate way to finance the provision of road infrastructure. In total,
2.769 users from 30 toll roads were surveyed. The first conclusion of their
study is that users' perceptions towards toll roads may experience substantial
differences across regions within the same nation. This seems to be
especially crucial in those cases undergoing a heterogeneous toll
implementation process across territories. The second conclusion is that
regional differences on tolling acceptability seem to be more affected by
context-specific variables, related to either toll road or regional
characteristics, than by the attributes of individuals.
The monetary borderline value where an individual would be willing to
pay to secure the use of the goods or service is often referred to as
willingness to pay (WTP) [9]. In addition to WTP, economists often discuss
willingness to accept (WTA), as the minimum amount an individual would
be willing to accept to give up use of goods or services. Previous research
identifies several factors affecting WTP: road type, trip purpose, total trip
travel time, frequency of motorway use, risk of traffic accidents, etc.
Considering the importance of user perspectives for a successful
implementation of a road pricing scheme, and a lack of research in the South
East Europe, drivers in Bosnia and Herzegovina were surveyed [10]. The
total sample includes 15.321 respondents. The most important finding is that
users have a range of hypothetical borderline prices. However, the majority
of respondents accept road tolls prices up to €5, with fewer than 4% of
respondents that are willing to pay more than this value. The estimated
average value for the road toll is around €2.
Another study which is of great importance for the analysis of users'
perception in terms of acceptability of the toll is a study based on a
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compilation of 110 surveys and in-depth analyses about the charging [11]
Results of this study indicate that in the aggregate there is the majority
support for tolling and road pricing. Among all the surveys, 56% indicated
support for tolling or road pricing concepts. Opposition was encountered in
31% of the cases.
Finally, Di Ciommo et al. [11] suggest that the pricing policy for
European road networks faces considerable problems as to its acceptability
by the relevant stakeholder groups. According to the results, the stakeholders
have higher acceptance when the toll is applied to all types of vehicles and to
all the countries. Policy makers should definitely promote the perception of
fairness in order to increase the road pricing acceptability by stakeholders.
METHODOLOGY
Users’ attitudes were collected using a questionnaire which was formed
by using Google Forms. The questionnaire consisted of 23 questions divided
into two parts. The first part was related to socio-economic characteristics of
the respondents, while the second part was related specifically to the users'
attitudes toward toll systems. The questions were largely closed, where
respondents were to choose one or more answers from the already offered
responses, while in some cases open-ended questions were used where
respondents were required to offer their own answers. The survey also used a
Likert’s scale to determine the degree of importance of a system when
choosing the most suitable one and the users' compliance with certain
statements. Methods of descriptive statistics are used in the analysis.
RESULTS AND DISCUSSION
The sample consisted of 265 respondents of which 184 were male and 81
female. The responses of commercial vehicle users are excluded from the
analysis of the users’ willingness to pay for the benefits of the motorway
usage. Their answers are not representative due to the fact that they do not
pay the toll with their own money but with the money of their companies.
The citizens of Macedonia were asked to rate the current state of their toll
collection system. On a scale from 1 to 5, where 1 indicated a very bad state
and 5 a perfect one, the citizens of Macedonia rated the current state of the
toll system as bad (M=2) (Table 1).
Table 1. Users’ ratings of the current toll collection system in Macedonia
Current state of the toll
system in Macedonia

Mean

Median

Min

Max

St. Dev.

2,29

2,00

1,00

5,00

0,87
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The users were asked to evaluate the toll collection system’s
characteristics, where mark 1 signified a very important and mark 5 an
unimportant evaluation. Table 2 shows the importance of the toll collection
system’s characteristics to the users. According to Table 2, one can conclude
that the most important toll collection system characteristic is fair tolling. In
addition to this characteristic, the users perceived toll collection without
stopping, safety level, level of service (LOS), and possibility of theft to be
very important criteria for them. Other criteria were of less importance. The
rank of characteristic significance from Table 2 is important for analysis of
the optimal toll collection system.
Table 2. Users’ attitudes about the toll collection system characteristics
Rank

Toll characteristic

Mean

1
2
3
4
5
6
7
8
9
10
11

Fair tolling
Tolling without stopping
Safety level
Level of Service
Possibility of theft
Ecological impact
Simplicity of device purchase and recharge
System interoperability
System flexibility
Device price
Disruption of the vehicle’s visual appearance

1,26
1,30
1,35
1,37
1,45
1,78
1,82
1,89
1,97
2,03
2,26

Std.
Deviation
0,50
0,59
0,65
0,64
0,74
0,95
1,02
0,92
0,87
1,10
1,20

The users were asked to answer the question regarding the sum of money
they would pay for travel time savings of about 30-40 min (WTP1) and the
question at which price they would recede travelling even if they would
achieve travel time savings of about 30-40 min (MAP2), at a distance of 100
km. Motorway users were also asked to answer the same questions but now
considering all benefits of motorway usage. These benefits included higher
LOS and better traffic safety in addition to travel time savings. The results
show that MAP values were significantly higher than WTP values. The users
perceived values for both WTP and MAP as higher when all benefits were
considered than when only travel time savings was taken into account (Table
3). So, it is very important to include questions about both WTP and MAP,
as upper and lower boundaries, and precisely define the questions when
determining the charge values.
1
2

WTP – willingness to pay
MAP - maximum acceptable price
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Table 3. Users’ willingness to pay versus maximum acceptable price for travel
savings and other benefits

WTP-travel savings
WTP-all benefits
MAP-travel savings
MAP-all benefits

Mean
(€)
2,94
4,41
4,49
5,65

Median
(€)
2,5
4,00
5,00
6,00

Min
(€)
0,00
0,00
1,00
1,5

Max
(€)
5,5
8,00
9,5
12,00

Std. Dev.
(€)
1,10
1,67
1,58
1,97

The results of this research show that the values of WTP and MAP depend
on factors such as the monthly income, motorway usage frequency, trip
purpose, and day of the week. WTP and MAP values increase with the
average monthly income (Table 4) and motorway usage frequency (Table 5).
The users would pay more for a business trip than for other purposes, and
also on a weekend day than on a workday (Table 6-7).
Table 4. WTP and MAP values depending on average monthly income
<250 €
250-500 €
500-750 € 750-1000 €
>1000 €
Mean (€)
Mean (€)
Mean (€)
Mean (€)
Mean (€)
3,96
4,23
4,67
5,51
5,67
WTP
5,17
5,39
5,99
6,49
8,25
MAP
Table 5. WTP and MAP values depending on motorway usage frequency
Every day
WTP
MAP

WTP
MAP

Mean (€)
2,86
3,61

A few times per
week
Mean (€)
3,60
4,15

A few times
per month
Mean (€)
4,51
6,01

A few times per
year
Mean (€)
4,93
6,22

Table 6. WTP and MAP values depending on trip purpose
Trip to work/school Recreation or shopping
Business trip
Mean (€)
Mean (€)
Mean (€)
4,13
4,42
4,74
5,48
5,60
5,94
Table 7. WTP and MAP values depending on the day of the week
Work day
Weekend day
Mean (€)
Mean (€)
4,32
4,52
WTP
5,57
5,74
MAP
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The users were asked to state how much they would pay for weekly,
monthly and annul vignettes as well. The results show that most of the users
in Macedonia would pay 3-6 € for a weekly vignette, 12-15 € for a monthly
vignette and about 50 € for an annual vignette (Table 8). In Table 8 one can
see that most of these results are in accordance with the prices of vignettes in
the neighbouring countries. On the other hand, countries such as Hungary,
Austria, and Slovenia have higher prices in relation to the vignette duration
(Table 8).
Table 8. Comparative analysis of the users’ willingness to pay for weekly, monthly
and annual vignettes and vignette prices in other countries
Week
Month
Year

MKD
6€
12 €
50 €

BUL
5€
13 €
34 €

ROU
3€
7€
28 €

HUN

AUT

CZE

15 €
138 €

76 €

14 €
47 €

SVK
5€
10 €
36 €

SLO
15 €
30 €
95€

The authors also wanted to know how the users perceived the time-based
charges. Namely, Figure 1 shows that most of the users (63%) think that
vignettes allow fair toll payment. But if we consider only everyday users we
can see that most of them think that vignettes do not provide fair toll
payment. This could be explained by the fact that frequent users are more
informed about toll collection concepts (Figure 2).

Fig. 1. Users’ opinion about time-based charging

Figure 3 shows a comparative analysis of the users’ attitudes on different
toll collection concepts. Most of the users (67%) consider that the distancebased concept is more convenient than the time-based concept.
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Fig. 2. Users’ opinion about time-based charge depending on usage frequency

Fig. 3. Users’ opinion about the distance-based toll vs. time-based toll

The results from the Table 8 show that the citizens of Macedonia
absolutely recognize the advantages and benefits of the use of electronic toll
collection, especially the benefits from the aspects of traffic efficiency,
traffic safety and ecology (on the scale from 1 to 5, 1 referred to absolute
agreement and 5 on absolute disagreement).
Table 9. The extent to which the users agree with the following statements
Stand.
Mean Med.
Deviation
Using ETC makes tolling easier
1,43
1,00
0,71
Using ETC provides a higher level of service
1,42
1,00
0,65
Using ETC provides a higher safety level
1,53
1,00
0,70
Using ETC enables fair tolling
1,53
1,00
0,79
Using ETC enables decrease of pollutant emissions 1,69
2,00
0,86
Using ETC enables the reduction of noise
1,76
2,00
0,86
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CONCLUSION
One of the key factors for the successful implementation of a toll
collection system is wide public acceptance. Numerous studies point to a
small percentage of the acceptance of toll collection by the public, indicating
the disrespect of freedom, lack of justice and the existence of personal
interests. Therefore, when selecting an optimal toll collection system it is
very important to include users’ attitudes, in addition to experts’ evaluations.
Keeping that in mind, we conducted a poll in which we tried to identify
users’ attitudes, factors affecting users’ attitudes and main problems about
the toll collection system in Macedonia.
The respondents rated the current situation of toll collection in
Macedonia as bad (M=2). Most of them had the opportunity to use some of
the ETC systems in other countries and they generally recognized benefits of
the ETC usage, such as traffic efficiency, traffic safety, and ecological
benefits. Also, most of them believe that the distance-based tolling is much
more convenient than the time-based concept. According to the results of
this survey the most important toll collection system characteristic is fair
tolling. In addition to this characteristic, the users perceived traffic
parameters as also very important to them. This findings should be taken into
consideration when selecting the optimal toll collection system. Also, the
important results of this research are the determined values of WTP and
MAP. The differences between WTP and MAP is determined. WTP and
MAP are determined in case of travel time savings and in case of travel time
savings, higher LOS and safety. The results of this research show that the
values of WTP and MAP depend on various factors, such as the income, trip
purpose, day of the week and motorway usage frequency. Recommendation
for the future work on this issue, can be summarized in the increased
database for more reliable results and particular methods of analytical
statistics should be conducted for better understanding of results.
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Abstract
Usually dimensioning the capacity of the stationary traffic system - the
parking garage recognizes only input process of customers who have
accessed the service from the queue. However, input process of customers is
divided into patient and impatient customers. Impatient customers limit their
presence on the queue themselves, i.e. interrupt. They are burdening a part of
the queueing system that is designed to form a queue, and they themselves
decided to loss. Therefore, planned system corrections are usually
insufficient for impatient customers. The characteristics of this specific flow,
parameters of patience and comparative capacity analysis are explained in
detail in this paper.
Keywords - queueing theory; parking garage; customers patience

INTRODUCTION
The appearance of the queue always leads the customers in a subjective
estimation of the flow of time. Therefore, the structure of customers in the
system is heterogeneous, i.e. there are patient and impatient customers.
Customers patience is a significant parameter of the queueing theory. The
emergence of a large process of impatient customers gives the perception of
a low quality of service, causes loss of customers [1] and negative economic
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results. The researches of impatience of customers dominate in
telecommunication systems [2] and in the research of the parameters of
patience [3, 4, 5].
Researching customers patience in stationary traffic - parking is modest
literary processed. Criteria and characteristics of the drivers patience haven’t
been known so far. Research and conclusions in this paper have an initial
significance.
METHODOLOGY OF RESEARCH
The research of customers patience was carried out on 28.06.2017. in the
period from 7 AM to 9 PM at the parking garage “Serbian National Theater”
(SNT) in the city of Novi Sad.
This research was included recording the following times: the time of
arrival of the customer in queue, the time of entering the customer into the
parking garage and the time of the customer cancellation. These times are
important for getting the parameters of customers patience.
The main goal of the research was to determine the quantity and quality
of customers impatience. Quantity was related to participate in the flow of
impatient customers in the total flow, and the quality of impatience was
related to the causes and their homogeneity. The research has established a
significant participation of the flow of impatient customers and established
non-homogeneous causes of impatience.
BASIC CHARACTERISTICS OF THE OBSERVED PARKING GARAGE
As in the most medium - sized cities and in Novi Sad, there is a
permanent problem of parking. This problem is manifested by the lack of
parking spaces in the city center, which greatly affects the normal traffic
flow and significantly affects on the quality of life.
The parking in Novi Sad is realized through on-street parking lots
(divided into zones), off-street parking lots (in which the fixed price of
parking regardless of location) and the temporary parking lots (that are only
active during certain events). The critical parts of the area of Novi Sad are
divided into three zones (red, blue and white), and the payment of parking
can be done through the parking lot, by buying a parking ticket at the
newsstand or via message. The red zone is with a time limit of 120 minute,
the blue zone has no time limit. Also, there are daily tickets that allow
parking in certain locations to those users who have the need to park more
hours during the day, and they have to do it in the billing zone. The daily
ticket is valid at the parking lots that are marked with additional boards
indicating that the parking can be paid also with a daily ticket.
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The observed parking garage SNT is a montage - demounting facility
located in the central zone of Uspenska Street in Novi Sad. The importance
of this parking garage is reflected in the fact that in the central zone there are
generators with largest parking requirement (political and social places,
shopping malls, theaters, cinemas, post offices, banks, schools, hotels, bars,
etc.).
The parking time in the SNT garage is not limited as in zones, which is a
particularly attractive and basic reason for choosing this service.
In the parking garage SNT within the existing parking facilities there are
parking spaces for bicycles which stimulate the protection of the
environment by reducing the emission of exhaust gases.
Near the parking garage there are three bus stops that are located between
two intersections. It can serve simultaneously 6 buses. On this section, where
the bus stops are located, there are buses of 12 lines.

Fig. 1. Show parking garage SNT

QUEUEING SYSTEM OF PARKING GARAGE
The construction of the parking garage is carried out in the system “fast
park” above the already existing parking lot, after which the addition of
another level doubled it’s static capacity.
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The static capacity of this parking garage is 104 parking spaces. The
vehicles are parked at an angle α=90° (100 marked parking spaces) and at an
angle α=0° (4 marked parking spaces).
The three regular spaces in the queue have been designed. Which due to
the demand for marking service have an unprojected extension on the road
with a large flow of vehicles. This irregular extension of the queue can be up
7 spaces to the surface of the public transport of passengers station. The
extension of the queue interferes with the departure of the bus stop of public
transport of passengers - it reduces the maneuvering space and it avoids
regular landing on the bus stop and the inclusion of the bus in the traffic
process (a large number of lines start from this bus stop). This reduces the
safety of the departure of the bus and it reduces the capacity of the road. At
the same time, it creates increased pressure on customers who are in an
irregular part of the queue (shown at Figure 1).
It has been accepted that the parking service has “104” service channels
and “3+7” spaces in a queue (respectively regular + irregular). The parking
garage is a classic Erlang queueing loss system, FIFO discipline services and
Kendall’s notation M(pq)/M()/104/10+M(iq). The parking time is nonstop. Recording of the work of the parking garage is carried out in the period
from 7h to 21h. After 21h to 7h the arrival rate decreases and the intensity of
services is growing, leading to a large number of free spaces without queue
formation.
The arrival rate of the vehicle to the parking garage is Poisson’s process
(time between consecutive arrival rate of vehicle is verified exponentially
distributed).
The initial operating time of the system (7h) is characterized by a
negligible number of vehicles, that do not affect the systems ergodicity.
Data on the average number of vehicles that have subscribed to the
service and which have been served left the parking system for hourly
intervals, as well as the parking accumulation are given in the Table 1.
Table 1. The average number of vehicles that joined the service and who were
served and the parking accumulation
Time
Vehicle Vehicle Accum Time
Vehicle Vehicle Accum
entering exiting ulation
entering exiting ulation
7-8
14-15
32
2
28
49
42
70
8-9
15-16
38
7
27
37
73
60
9-10
55
32
96
16-17
31
31
60
10-11
28
28
96
17-18
57
36
81
11-12
40
39
97
18-19
44
30
95
12-13
56
54
99
19-20
44
38
101
13-14
28
36
91
20-21
32
53
80
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Absolute values of the parking accumulation at time intervals is shown in
Figure 2.

Fig. 2. Histogram of parking accumulation at hours intervals

Figure 2 shows that the parking accumulation is most pronounced in the
periods from 9-14h and from 17-21h. Also, an average parking
accumulation of 77 vehicles is shown.
The obvious non-stationary (the variation of arrival rate) emphasis peak
periods of the operation system. A stationary analysis would be established
an equilibrium that would reduce the importance of peak loads. Therefore,
the analysis of the work is performed in a non-stationary system.
Thereby, the parking garage has the capacity that absorbs the first hours
of peak loads (104 service channels) and average service time from
µ=0.3765, i.e. an average service time from about 2.65 h/vehicle. The
customer service time on the ramp is an average of 30 seconds.
The parking spaces were highlighted on the information board at the
entrance ramp.
At the observed parking garage there are four peak periods in which
customers spend most of their time in a queue waiting for the service.
(shown at Figure 3).
The queues do not occur from 7h to 10h because of filling the parking
garage, therefore from this reason the time spent by the customer in queue of
minimum. This time starts to increase rapidly when all the parking spaces
are filled in the garage (in front of the ramp, the queues are starting to
create). In the first peak period (10-11h) it can be noticed that the time that
the customer spends in queue it starts to grow until the maximum is 618
seconds. The second peak period begins immediately after the first (11-12h),
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in which the time the customers spends in queue after the reduction is again
increased to maximum value of 808 seconds. The third peak period occurs in
the period from 12:14 to 13:30, where this time begins to drastically
descrease. The maximum value of this time in the third peak period is 274
seconds. The fourth peak period occurs in the period from 19:15 to 20:20,
where the maximum waiting time of the customers in a queue is 449
seconds.
Also, it can be noted that the peak periods in which customers wait in
queue, correspond to periods when parking accumulation is most
pronounced.

Fig. 3. Waiting time of customers in queue in certain hours of parking operation

THE PATIENTS AND IMPATIENTS CUSTOMERS
The total daily arrival rate of the parking garage was 568 vehicles.
Average 207 vehiclеs came into from the queue. This process is
differentiated into the:
 Patient (143 customers), which were waiting in the queue for the service,
regardless of the length of time they had been waiting for;
 Impatient (64 customers), who after spending time in the queue, left the
queue and thereby cancel services parking garage.
We can conclude that 44.75% of customers who have joined the queue
are distributed to the impatients customers.
The times that customers spend in queue are exponentially distributed for
both customer processes. Verification of the average time spent by
customers in a queue is done by 2 test for the adopted threshold of
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significance p=0.05. For the patient customers, the exponential distribution
is verified with p=0.71547, and for the impatient customers with p=0.07624
(shown at Figure 4 and 5). These distributions were verified in previous
studies [6] with specific elasticity from Weibull to Erlang and Gamma
distribution.
For the patient customers who waited for the service, the average time
spent on the queue was up tqp=188.11 sec (qp=0.005316) and for impatient
customers tqi=87.39 sec (qi=0.01144). Probability that a patient customer
will spend in a queue longer than the average time limit of impatient
customers is p=0.2919.




qp

e

qpt

dt  e 0.005316  87.39  0.2919

(1)

87.39

This means that 29.19% or 41.76 customers from a queue of 143 patient
customers will be persistent in the service request up to a maximum of 808
second (13.5 minutes) while the maximum waiting time for impatient
customers amounted to 517 (8.6 minutes). For the patient customers who
waited for the service, the average time spent in a queue was up
tqp=188.11sec (qp=0.005316) and for the impatient customers tqi=87.39 sec
(qi=0.01144).

Fig. 4. Verification of the exponential distribution of patient customers in queue
ahead of parking garage
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Fig. 5. Verification of the exponential distribution impatient customers in queue
ahead of parking garage

The customers coefficient of patience has been established - the quotient
of the parameters of the exponential distribution (the patient/impatient
customers) which corresponds to already established 44.75% of the
impatient customers is given in Table 2.
Table 2. Distribution of impatient customers at hourly intervals
Morning peak periods Afternoon peak periods
10-11 11-12 12-13
18-19
19-20
Intervals
2
9
14
23
16
Number of vehicle
3.13
14.06 21.88
14.06
10.94
P (100%)
28
40
56
44
44
Input process

It’s interesting to notice that in the morning peak periods it occurs a
smaller process of impatient customers 39.06% and in the afternoon
complementary 60.94% of the impatient customers.
All impatient customers are recorded in two intervals (from 10h to 13h)
from (17h to 20h). The structure of the phenomenon of patience is obviously
bigger with the condition that the parking requirement is due to work
obligations (the morning requests). In the afternoon peak periods, these
requests have been changed to the other contents: an access to the theater or
cinemas, or intent of consuming the other contents of the city center. It’s
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interesting to note (shown at Figure 3) that in a small peak period a large
number of the impatient customers appeared. Such a distribution, probably,
comes out from the subjective attitude of time in different circumstances.
CONCLUSION
Established process of impatient customers is contained average
64/568=0.1126, or 11.26% customers canceled the service from queue. Also,
we do not know the structure of another process of the discouraged
customers. These are potential customers who left the intention to park when
they spotted the length of the queue at the entrance ramp. They can be
absorbed in the event of an increase in the quality of the service.
Researching this flow can be done by survey. With these two lost flows of
customers, there are indications for redisplaying this parking garage and
possibly raising another one, for which there are technical conditions exist.
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Abstract
Intelligent transport systems (ITS) rely on the application of advanced
information and communication technologies in transport and covers all
modes and elements of transport systems including vehicles, infrastructure,
users, all of which in dynamic interaction. With the ability to receive,
process, analyze and share information in real time, as core feature, ITS can
help reduce congestion and emissions while smoothening door to door
mobility, all-together contributing to transport efficiency.
The traffic related problems like congestions, safety, carbon footprint,
high costs, etc., could not be solved entirely only through new road
infrastructure, so measures like ITS can help by providing the basis for
connecting technology, society, and transport systems with systems for
automation, communication and information exchange.
This paper presents analysis and comparison of ITS application levels in
Republic of Macedonia and Republic of Slovenia. The research was carried
out within the framework of the bilateral research project cooperation
between these countries.
Keywords - Intelligent Transport Systems, ITS services, ITS application
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INTRODUCTION
Intelligent Transport Systems (ITS) are a global phenomenon, attracting
worldwide interest of transportation professionals, automotive industry, and
policy decision makers [1]. ITS rely on the application of advanced
information and communication technologies to transport and covers all
modes and elements of transport system including vehicles, infrastructure,
users, all of which in dynamic interaction. ITS presents a new approach to
solving old traffic problems. By changing approaches and trends in transport
and traffic research ITS can help reduce congestions, pollution and improve
transport efficiency and safety.
Every country and every city has its own transport system so different
ITS technologies are used in order to develop the effective local, context appropriate traffic and transport solutions. This paper provides an overview
of the current status of ITS implementation and deployment in Republic of
Macedonia and Republic of Slovenia based on the ITS services in the road
transport.
This paper is organized as follows. The second section gives a basic
description of ITS services. The third section presents analysis and
comparison of ITS implementation level in the Republic of Macedonia and
the Republic of Slovenia. Paper ends with a conclusion towards similarities,
differences, and lessons learned from the different implementation.
ITS SERVICES
Categorization of ITS activities is one of the first steps in defining the
range of activities, where some or all of which can be supported by any ITS
implementation. It serves to delineate different sectors of the ITS industry
[2]. The ITS service are: (i) traveler information; (ii) traffic management and
operations; (iii) vehicles; (iv) freight transport; (v) public transport; (vi)
emergency services; (vii) transport related electronic payment; (viii) road
transport related personal safety; (ix) weather and environmental monitoring;
(x) disaster response management and coordination; (xi) national security;
(xii) ITS data management; xiii) performance management. The
categorization of the services into 13 groups does also not imply that all ITS
architectures and implementations deployed from them should be required to
follow this construction [2]. Decision makers in transport sector have
freedom in developing and implementing appropriate strategies for solving
problems.
The above mentioned ITS services are used in this paper to present an
overview of the current status of ITS implementation in both countries. A
review regarding these experiences is presented in the following section.
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ITS IN THE REPUBLIC OF MACEDONIA
The Republic of Macedonia is at the very beginning of the process of
applying ITS. Solutions from the area of traveler service information, traffic
management and operations and public transport services are implemented
mainly in the capital city of Macedonia, Skopje. With a population of over
600000 inhabitants, and as the Macedonian center for administration,
education, business institutions and activities, the city faces a constant
increase of travel demand. Due to a significant increase of vehicle-based
mobility in the past decade and year-long neglecting of transport
infrastructure build up, the city of Skopje is plagued by severe congestion
during the morning and afternoon peak hours. This forces the city authorities
to undertake systematic approach to solve the problem. ITS can be applied to
support the mentioned systematic approach.
Traveler Information Services
Traveler Information Services are a key element of ITS deployment and
essential component for an effective and efficient traffic management. They
are designed to provide the traveler with comprehensive real - time traffic
information allowing for well-informed travel decisions (pre-trip
information) and during the journey (on-trip). In Skopje, five variable
messages signs have been implemented. They include real time information
concerning a road network and traffic conditions.
One way to promote greater use of public transport is by providing real
time passengers information. The automatic location of the vehicles allows
to obtain the time of departure/arrival and transfer from one to another
vehicle that stands out at the stops, at home, etc. In Skopje, there are several
signs on certain public transport lines on the bus stops, which show real time bus arrival.
Traffic Management and Operations Services
A special and crucial element for traffic management and ITS is the
Traffic Management and Control Centre (TMCC). To cope with the
increased traffic demand a TMCC using the UTOPIA (Urban Traffic
Optimization by Integrated Automation) adaptive system has been built in
Skopje in 2014 as a result of FP7 project CIVITAS RENAISSANCE and
with extra funding from EBRD grant [3]. Currently, it monitors and manages
90 intersections in real time. New parts of the road network are being
constantly added. TMCC is organized based on the highest standards and its
main functions are: obtaining traffic data in real time, regulation of the
traffic signal system, traffic monitoring, giving priority to public transport
and providing real time information for drivers. For this purpose, detectors
and sensors have been installed at urban intersections, as well as 50 cameras
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for traffic flow monitoring and 47 new traffic signal controllers. Today, this
Centre is fully functional and is the first example of an IT based advanced
traffic management and control system in Macedonia. This Centre
constitutes a solid base for the introduction of new incoming solutions such
as Smart Parking or Smart Free Parking System in the Skopje center, as well
as Share Transport solutions [4].
UTOPIA (Urban Traffic Optimization by Integrated Automation)
UTOPIA belongs to the third generation of adaptive control systems and
is an innovation in urban traffic control as a hierarchical, adaptive,
distributed and open system. The system offers a wide range of strategies
designed to suit any road network. A range of strategies are available: from
plan selection to traffic responsive and fully adaptive, to permit the ideal
solution for each specific site. The effectiveness of mentioned system for a
congested corridor of 7 signalized intersections in the wider center area of
the City of Skopje is presented in [5]. Consequently, research is constantly
being undertaken on in - depth analysis in this area.
Public Transport Services
These services aim to improve the efficiency and friendly attitude of
public transport to passengers. Public transport priority can be given by
integration in urban traffic management systems. Public transport priority is
a means to make the switch from individual to public transport more
attractive. The introduction of the Automatic Vehicle Location (AVL) system
in the public transport of the city of Skopje is the last project in this area.
From 1 January 2016, electronic tickets and AVL system have been put into
use in public transport, but problems regarding BUS locations are detected
during system field testing. Electronic bus tickets have become available in
private transport on May 1, 2016. So far, the equipment has been installed in
377 buses, including GPS systems, processors, fiscal devices, audio devices
for advertising, displays, etc.
ITS IN THE REPUBLIC OF SLOVENIA
The Republic of Slovenia, as an EU member, is developing its strategy of
ITS implementation according to the Directive 2010/40/EU [5], which is
oriented into a more sustainable, efficient and safer traffic in the European
Union. The priority areas for the development and use of specifications and
standards defined in Directive 2010/40, are [7]: (i) optimal use of road,
traffic, and travel data; (ii) continuity of traffic and freight management of
ITS services; (iii) ITS road safety and security applications; (iv) linking the
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vehicle with the transport infrastructure. The following detailed descriptions
of current and planned implementations of ITS in road transport are mostly
summarized from the Slovenian report [7].
Traveler information
(Optimal use of road, traffic, and travel data)
According to the [7], activities linked to the traveler data and information
were already widely implemented and their further implementation is
planned also in the future.
Already now, variety of real-time traveler information services are
available – they are given to users separately for different transport modes,
both in Slovenian and English language. Main services are on-line and
reachable by different communication media. These services are operated by
different operators, especially for public transport. The project “Integrated
public transport system” (IJPP) established Google transit platform for
Ljubljana public transport (bus operator) and Slovenian Railways (railway
operator). Establishment of a national public transport management center is
planned, as well as travel planning in intermodality and integration on
national level.
Real-time travel information service is provided by Traffic Information
Centre for Public Roads (PIC). The information is available on-line via freeof-charge voice station, telephone number, teletext, live reporting on local
radio and TV stations. Partially is transmitted to drivers also via Variable
message sign (VMS), implemented mostly on the whole motorway network,
and via RDS-TMC system, which is still private provider. Information on
current Level of Service on state roads in Slovenia is available on-line
(www.here.com). Freight traffic real-time travel info is also provided, while
the provision of information on dangerous freights optimization is planned.
Real-time cross-border traffic data monitoring and exchange was
established between Italy and Slovenia with TCC in Palmanova (Italy) and
Kozina (Slovenia) and between Austria and Slovenia for monitoring traffic
situation and for defining common measures in case of accidents in
motorway tunnel Karavanke (cross-border tunnel).
Road, traffic and transport services data for the national road network are
available with coordinates and therefore are suitable for further use in digital
maps. Currently, data are collected only for the infrastructure management
and spread in different databases in Slovenian motorway company DARS
d.d., Traffic Information Centre for state roads, the Surveying and Mapping
Authority of the Republic of Slovenia, Slovenian Roads Agency, etc.
“SIJPRIS” is geographical information system for the management of the
public inter-urban bus transport services and represents a central public
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transport database. The system offers central public transport database, web
services for data exchange, tools for maintenance and analysis of
infrastructure data, time-schedule register, and it supports running business
with concessioners.
Road safety related traffic information are available via Traffic
Information Centre, Administration of the Republic of Slovenia for Civil
Protection and Disaster Relief - national notification center, other
associations (e.g. AMZS Roadside Assistance – EuroRAP,), and media.
In the future, Slovenia will implement multimodal travel information
services and also continue with the activities for optimal road use, and realtime traffic and travel data and information, also applicable for digit maps
and with provision of road safety information free of charge.
Traffic and Freight Management
(Continuity of traffic and freight management ITS services)
Slovenia is involved in many projects supporting ITS deployment on the
European and National level. The largest volume of ITS activity has been
realized in the field related to information and communication infrastructure
through the implementation of TCS introducing new telecommunication hub
of the RNC Ljubljana. This RNC together with PIC became a temporal
center for the management of the entire Slovenian part EU corridor between
tunnel Karavanke (Austria) and Zagreb (Croatia) and represents the
infrastructure base for the new National Traffic Management Centre
(NCUP), taking into account the new EU directive on the deployment of
intelligent transport systems in the field of road transport. NCUP includes all
public road network in Slovenia, i.e. all national roads and strategically
important local roads. Within NCUP the integration of five components was
made.
Because of the small size of the Republic of Slovenia, the activities
concerned with continuity of traffic and freight management ITS services are
handled quite moderate. For the transit traffic in direction West-East and
South-North management of multimodal freight transport is well developed
by private logistics operators (international port in combination with railway
and/or road: e.g. use of block trains on international journeys). The use of
RFID is foreseen, but can be freely changed to other technologies, used by
other systems and services.
From April, 1st of 2018 a new, modern electronic toll system in free
traffic flow, applying to the vehicles whose max. permissible weight exceeds
3.5 tonnes, named DarsGo, was introduced. Tolling is possible with the help
of special unit, installed in the vehicle. The tolling portals, spread out over
the entire highway and motorway network, detect the unit as the vehicle pass
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by, and this is the basis for charging toll amounts for each passed section
(there are 126 tolling sections on the total distance of 618 km). A toll fee
depends on the traveled distance and the properties of the vehicle.
Control of commercial vehicle in Slovenia is organized with WIM point
detection system, called SI-WIM (operated by Cestel Ltd. on behalf of
DRSC). Control of dangerous goods transport in Slovenia is accomplished in
three fixed locations (control points) on Slovenian motorways. It is planned
to improve information for freight traffic, e.g. information service on
available parking places, service for planning safe freight itineraries (specific
dimensions, gross weight, axle load) and for planning and risk management
of dangerous goods transport.
Monitoring of goods in sense of tracking and tracing of freight on road
and railway networks in Slovenia is a matter of an agreement between
transport operator and contracting authority.
The Urban Traffic Management was made as a proposal, which will be
used in the case of new center for non-motorway roads, called CUVP (State
for traffic management of non-motorway state roads), established by
Slovenian Road Agency. This center will exclude the cities Ljubljana and
Maribor, which have their TCC on the Municipality level. Base for the
Slovenian Urban ITS architecture was project “FRAME”, therefor the
conceptual design of Slovenian framework is compatible with the European
framework.
ITS road safety and security applications
Emergency call system (e-Call) is implemented on the motorway road
network and it is integrated into the existing traffic information system that
ensures quick and reliable mean of providing traffic information to traffic
control center and 112 regional Public Safety Answering Point. The system
use Cell ID/ Sector ID based localization.
In the Republic of Slovenia, some public parking places are secured with
video surveillance and are free of charge. Private operators provide more
secure and physically protected parking places usually not free of charge.
Transport operators use different solutions for vehicles and freight
tracking. Usually, the solutions are not integrated as the original equipment
of the vehicle but are built-in later.
RDS-TMC service is available in public-private partnership; the public
RDS-TMC service is planned. The information shall be provided in DATEX
II format.
Linking the vehicle with the transport infrastructure
Cooperative traffic management is not yet implemented at regional or
national level. There are some pilots on the local level, such as using
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wireless ZigBee DSRC communicators to request for signal bus priority and
for better information about bus stop in the City of Ljubljana (see Civitas
Elan project).
Design and implementation of integration of different ITS in an open invehicle platform as well as of cooperative systems (vehicle-vehicle, vehicleinfrastructure, infrastructure-infrastructure) depends on international
solutions. Also, the implementation of RFID in transport is not realized yet.
RESEARCH RESULTS AND DISCUSSION
The research analysis shows that levels of ITS deployment in both
countries are different, as expected. Comparison of categories of ITS
(according to EU Directive 2010/40) and their implementation status
between Republics of Macedonia and Slovenia are presented in Table 1.

Traveler
information
(Optimal use of
road, traffic,
and travel data)

Traffic and
Freight
Management
(Continuity
of traffic and
1

Real-time travel
information
service
Real-time
cross-border
traffic data
Road,
traffic
and
transport
services data
Road
safety
related traffic
information
Multimodal
travel
information
services
Electronic toll
system
Control of
commercial
vehicle

Comment

R. of
Slovenia

ITS services1

R. of
Macedonia

Table 1. Comparison of categories of ITS (according to EU Directive 2010/40 and
their implementation status between R. of Macedonia and R. of Slovenia

Comment



Implemented



Implemented



Implemented



Implemented



Implemented



Implemented



Implemented



Implemented

According to the Directive 2010/40/EU
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freight
management
ITS services)

ITS road safety
and security
applications

Linking the
vehicle with the
transport
infrastructure

Monitoring of
goods
Urban Traffic
Management



Implemented

Emergency call
system
Parking places
are secured
with video
surveillance
Cooperative
traffic
management
Design and
implementation
of integration of
different ITS



Implemented



Implemented



Implemented



Implemented



Not yet
implemented



Not yet
implemented

According to the comparison (Table 1) of categories of ITS and their
implementation status between both republics, it could be seen that most of
the ITS components already implemented in Slovenia are not yet
implemented in Macedonia. As an example, in the category of Traveler
information (Optimal use of road, traffic, and travel data) only the real-time
travel information service is implemented in Republic of Macedonia. The
Republic of Macedonia has shown a slow progress in the process of ITS
services implementation and the level of maturity of ITS is very low.
We can conclude, that the implemented ITS services in R. of Macedonia
are fragmented, uncoordinated and cannot provide benefits for transport
users. The very first steps and recommendations regarding ITS development
and implementation for the Republic of Macedonia are: 1) Awareness of
policy makers about the importance of ITS; 2) Creation of national ITS
strategy of development and implementation according to the Directive
2010/40/EU; 3) Defining priority areas for development and use of
specifications and standards defined in the above directive, upon broad
systematic approach; 4) Introduction of Macedonian national laws to the
European Directive regards ITS; 5)Following of the Slovenian good
practices at the operational level.

CONCLUSIONS
The analysis of current status of ITS implementation shows that in the
Republic of Slovenia the implementation of various ITS systems and
services is much more advanced and can serve as example and road map for
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the Republic of Macedonia, while its components are prescribed with the
2010/40 EU directive. The experiences of ITS application in Republic of
Macedonia are modest, while in Republic of Slovenia many systems for the
integration of different transport modes and vehicles are already
implemented and many planned for the implementation and the
improvement in next years. Therefore, the main objective of the common
project was to make the review of the systems and services already
implemented and found out how the Republic of Macedonia benefit from the
knowledge gathered from Slovenian experiences.
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Abstract
Each step of the transport project development process requires the
evaluation of alternative actions in order to make the best decision.
Evaluation of any transport project is the decision-making process based on
the assessment of the positive and negative impacts of alternative options in
relation to individual and multiple criteria. The most visible and well-known
traditional step that involves explicitly evaluating alternatives is the planning
step at the level of the traffic network or at the level of the entire traffic
system. The following common steps are the choice of the location of the
traffic object and its design. Usually, the evaluation criteria are: economic
efficiency, environmental impact, traffic safety, traffic efficiency, economic
development and socio-cultural criterion.Each step of the project
development process needs to assess the degree of risk and uncertainty. In
other words, it is necessary to have a ready answer to the question "what
if.......?". The sensitivity analysis should cover different levels of factors,
such as system use and economic conditions, and should help to strike a
balance between competitive goals. The next element in building a
consensus is to take into account the importance of public participation and
multiple stakeholders – participants. This paperdefines the categories of
traffic system influence and the reasons and dimensions of the project
evaluation. The paper also explains the project value measures and presents
a procedural framework for the evaluation of traffic projects.
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INTRODUCTION
Evaluating a transport- project is a decision-making process based on an
assessment of the positive and negative impacts of alternative options in
relation to individual or multiple criteria. Defining the impacts that are
relevant to a particular decision and defining the appropriate criteria depends
on the values of the systemwithin which the selection should be made.In the
case of decisions making in the field of transport, the operating system of
values does not apply to individual or specific groups, but to the whole
community in which the conflicting values of the system are
present.Consequently, decision-making in the field of transport often
involves resolving conflicts. The question is: how can the project evaluation
process help decision making?The decision maker should, first of all, know
how much the project will cost. In many cases only this element will
determine the decision. The second question that arises is whether the
benefits that are gained by project realization justify the costs and whether it
would be better to spend available fund on something else?The most visible
and well-known traditional step that involves explicitly evaluating
alternatives is the planning step at the level of the traffic network or at the
level of the entire traffic system. The following common steps are the choice
of the location of the traffic object and its design. Usually, the evaluation
criteria are: economic efficiency, environmental impact, traffic safety, traffic
efficiency, economic development and socio-cultural criterion.Each step of
the project development process needs to assess the degree of risk and
uncertainty. In other words, it is necessary to have a ready answer to the
question "what if.......?"The sensitivity analysis should cover different levels
of factors, such as system use and economic conditions, and should help to
strike a balance between competitive goals. The next element in building a
consensus is to take into account the importance of public participation and
multiple stakeholders – participants.
TRANSPORT PROJECT EVALUATION
The transportation system in many countries is the public sector with the
largest investments. Economic vitality and global competitiveness of a
country or region depend on the quantity and quality of transport
infrastructure. Transport infrastructure takes an important place in the
production process as it provides mobility and accessibility for people, goods
and services without which this process would not be efficient or not
possible at all.The continuous increase in demand for commercial and
individual travel is a feature of the modern era. Transport agencies and
carriers seek to maintain their resources in a satisfactory state so that they
can offer the desired level of service in an efficient and, from the aspect of
costs, an effective way within the limits of their resources.Consequently,
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there is a need for the best possible evaluation and monitoring of the
expected impact of decisions on alternative investments, policies and other
factors affecting the operational performance of the existing or planned
transport system.This impact can be related to economic impact, such as
quantifying benefits and costs, or to economic development, such as the
number of employees, or environmental and environmental impacts, such as
air quality, water quality, noise levels, effects on the local community, and
the technical impact, such as changing the state of transport facilities,
sensitivity and durability, mobility and accessibility, or the safety and
security of users.The methodology for assessing such impacts, in general,
depends on the type of impact being investigated, the scope and type of the
project. Various scientific disciplines are involved in these research,
including operational research, engineering, science on environmental
protection and economics. It is very important to evaluate transport projects
from a broader perspective, either at project or network level, with the need
to take into account the planning of the entire system, project development,
long-term planning, budgeting and financing.It is also necessary to review
the traditional approach in relation to the types and scope of the various
impacts on the transport project in view of emerging trends or the
continuation of earlier trends. The process of evaluating a transport project
requires a traffic engineer to have all the necessary facts about the proposed
project and is able to present it in a clear and logical manner in order to
contribute to making an appropriate decision.Also, the traffic engineer, in
addition to the formal numerical data for each project, must also be prepared
to answer questions related to the political and financial justification of the
project. In the final analysis, the selection of the project itself should be
based on various factors and considerations that will reflect all input
information that the decision-maker receives from the appropriate sources.
DIMENSIONS OF EVALUATION
In order to facilitate the process of evaluating the project in terms of its
scope and the efficiency measures to be considered during evaluation, it is
necessary to identify the dimensions of the evaluation. These dimensions, as
well as their possible level, are shown in Table 1.
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Table 1. Scope and Level of Transport Project Evaluation
Dimensions

Entities affected by the project impact

Geographical extent of project influence

Time scope of project influence














Level
Users
Non-users (Community)
Institutions (Agencies,
Companies)
Transport Operators
Government
Project Location
Corridor
Regional
National and Global
Short-Term
Mid-Term
Long-Term

Entities affected by the project impact - In order to carry out the evaluation
of the transport project, it is necessary to consider, not only the type of
influence, but also the entities that are affected in some way by a certain
impact.
Users -The impact on users implies the way people use the transport system
(drivers, passengers, pedestrians, public transport) and who are directly
affected by changes in the system. This impact usually includes operating
costs of a vehicle, travel time, travel cost, and safety and security.
Non-users (Community) -Considering the effects that the transport system
has on non-users involves the need to ensure that the benefits and costs of
the system are equally distributed to the whole community. These effects
often include air pollution, environmental degradation, and relocation of
family houses, agricultural and commercial buildings, changes in land use,
as well as social and cultural impacts.
Institutions (Agencies, Companies) -Influences on institutions (agencies,
enterprises) are usually by nature long-term and are related to the costs of the
activities of a particular institution. For example, improving the system can
lead to a reduction in maintenance costs and institutional responsibility over
a longer period of time.
Transport Operators–Operators in the transport system, such as carriers,
travel agents, goods suppliers, may be affected by physical changes (or
improvements) or institutional changes (deregulation, speed limits) in the
transport system. This usually happens through increasing or decreasing
operational resources.
Government –These influences imply changes in the way or level of
functioning of a city, municipality, canton, entity or state resulting from a
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change in the transport system. For example, a new kind of infrastructure, a
new policy, or a new system regulation can lead to the introduction of new
positions, jobs, departments or departments to implement or monitor the
implementation of changes.
Geographical extent of project influence - A well-defined size of study
territory is an important factor in evaluating traffic studies and projects since
the geographical scope can have an impact on output.The spatial scope of the
analysis can vary from point or segment (locally), through object or corridor,
to the area of a city, municipality, canton, district or state (Figure 1.). With
the increase in the geographical scope of the evaluation, the impact of the
traffic project not only decreases but it becomes more and more difficult to
measure this impact due to the diminishing effects of other factors.
Time scope of project influence - Traffic system stimulus can have an
impact that lasts only a short time (dust pollution during construction of the
building) or that lasts for decades after implementation (economic
development). It is obvious that the timing of the impact will depend on the
type of impact being investigated and is sometimes affected, or is related to
the geographical extent of the evaluation and the affected entity.

Point (in general, knot, intersection)
Segment (in general, part of the traffic link)
Object (linear network consisting of
a combination of nodes and
segments)
Corridor (set of parallel
objects)

Network (a set of
transport
facilities in a wider area)

Fig. 1. Spatial scope of evaluation of the transport system (Sources: [1], [5])

171

ELEMENTS OF EVALUATION OF THE TRANSPORT PROJECT
DEVELOPMENT
Each step of the transport project development process requires the
evaluation of alternative actions to satisfy the requirement in that step and
for the best decision to be made. Regardless of the scope of the transport
project, the process of its development includes the planning phase at the
network level, the development of a single project, programming, budgeting
and financing (Figure 2.)

Network level
planning
Networklevel
programming

Individual
projects development
Networklevel
budgeting

Network-level
financing

Fig.2. Phases of the development process of the transport project (Sources:
[1], [5])

The most visible (and probably the most famous) traditional step involving
the explicit evaluation of alternatives is the planning step at the network
level or at the system level where projects are identified.
The following common steps are the selection of the object's location and
project design. Given the type of impact, the most common evaluation
criterion traditionally used in all steps is economic efficiency. Depending on
the size of the project, other criteria to consider are: environmental,
economic development and socio-cultural criteria. Lately, more and more
demands are made to incorporate criteria relating to system efficiency and
evaluation of system equality, such as system sensitivity and social justice.
Therefore, when evaluating public projects, this should be taken into account
and given attention to the above criteria. At any stage of the project
development process, evaluation should not only concentrate on finding
optimal activities, but also the "what if" scenario should be investigated,
given that traffic systems are characterized by a high degree of risk and
uncertainty.The sensitivity analysis should include different levels of factors,
such as system use (traffic intensity) and economic conditions (interest rate),
and should help to find a balance between competitive objectives. The next
element in building a consensus is to appreciate the importance of public
participation and multi-stakeholders Therefore, evaluation can generate an
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impartial solution that yields the greatest benefits while, at the same time,
requiring the least possible cost for all involved entities.
MEASURES OF PROJECT VALUE
The choice of any specific evaluation parameter depends on the decision
maker, the type of problem and the available alternative actions that can be
taken. In regards the character of the evaluation, the relative and absolute
estimation of the value of a specific action is considered in relation to the
existing situation or other alternatives. In connection with this, the following
questions are raised:
a) How should the value of the activity be measured?
b) What measure should be used?
The value of the project is different for different entities. However, for the
given project there are several, sometimes conflicting, measures of values
that often have different units. Some of these units are not easy to quantify.
Here is the challenge of bringing different aspects of value into common and
proportional relations in such a way that their mutual balance is identified.
For example, the proposed public transport line can improve accessibility,
but it may endanger some of the natural resources. So, the question arises as
to how environmental damage can be tolerated in order to get the certain
level of accessibility. In the process of making a decision on a public project,
it is required to choose the best possible alternative, one that could be
considered a good (not optimal) choice, which means that it may not be
possible to reach a truly optimal solution because all conflicting interests
will not be able to satisfy. However, the solution reached can be a consensus
solution that represents a good balance of all possible responses to the
remarks and concerns raised at the time of making the decision. Once all
possible actions are reviewed in terms of their suitability and feasibility for
implementation, the resulting executable actions are defined as alternatives.
Alternatives are valued on the basis of the so-called 3E Triangle: Efficiency,
Effectiveness and Equity (Figure 3.). This can be considered as overall goals
of evaluation.
Efficiency

Effectiveness

Equity

Fig.3. Basis of evaluation: 3E triangle(Source: [1])
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Efficiency: represents a relative cash return value from the project in relation
to the required investment. By assessing efficiency, an analyst seeks to
determine if a traffic project is in line with its monetary value. Accordingly,
efficiency includes economic analysis and the accompanying concepts of
"life cycle" cost for institutions and users. However, the range of
performance measures being considered is far wider than just considering
efficiency because it involves non-monetary or non-quantitative
performance.
Effectiveness: represents the degree of feasibility of set tasks. In other words,
the effectiveness should respond to the question of how well the specified
goals have been achieved. A clear understanding of the objectives of the
project is of great importance for the analysis of its effectiveness.
Effectiveness can include monetary and non-monetary or non-quantitative
benefits and costs such as social welfare (social wealth) and the aesthetics
impression.
Equity (Equality)can be measured in relation to social and geographical
equity in the allocation of costs and benefits that relate to a particular
alternative. Although equivalence can be included in the consideration of
effectiveness, it can also be considered separately. Equity includes the
answer to the question, such as: whether the inhabitants with lower incomes
and the inhabitants who are in the minority bear a disproportionate part of
the adverse effects, or whether those parts of the population receive a
proportional share of the benefits from the changes in the transport system.
Due to the importance of such issues, it is necessary to regulate this matter
with appropriate legal acts.
PROCEDURE FOR EVALUATING THE TRANSPORT SYSTEM
Some of transportation institutions (agencies) have established procedures
that these institutions follow in the process of evaluating alternative policies
or physical improvements to their property. Some agencies have not
documented these procedures so they vary from one decision maker to
another. Formally documented evaluation procedures provide a rational,
consistent and argumentative decision-making. Figure 4 presents simplified
procedure used to evaluate alternative actions in the transport system. In this
procedure we named the five general steps as: key inputs, alternatives,
demand, evaluation and decision. In the key inputs the object and subject of
evaluation depends on which step of the development process of the
transport project is involved. In this step, it is necessary to identify all
entities that are participating or who are affected, and which may include
transport agencies responsible for the facility, users of the facility that have
direct benefits and non-users or society as a whole.
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Fig. 4. Presentation of the simplified procedure for evaluation of the
transport project/system (Source:[5])
This step is important because it serves as an introduction to the
development of appropriate performance measures and dimension values
(time and space).Once decision makers and other stakeholders are identified
and their points of view is known, the objectives of the evaluation process
need to be established, which will form the basis for the development of
measures of effectiveness. Goals are set to cover not only the objectives of
the institutions, but the perspectives of users, non-users and government.
All possible actions should be identified and then checked from the aspect of
their suitability, adequacy and feasibility (possibilities of implementation).
The resulting feasible actions are defined as alternatives. Criteria that can be
used to check possible actions are:
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Suitability. Does the activity contain the specific objectives
required by the decision maker? Does an alternative answer
correspond directly to other secondary considerations, such as
community goals and needs?

Adequacy. Does the activity adequately treat the intended goals?
In other words, are the performance offered by the alternative in
accordance with standards for performance measures?

Feasibility. Is it physically feasible to implement an alternative? Is
there a sufficiently expropriated space? Is there enough
technological solutions for know-how? Are the costs of
implementing alternatives within the boundaries set by the
institution?
Evaluating alternatives is simply an estimate of their costs, benefits and cost
efficiency that we will use to select the best alternative. All efficiency
measures can be successive hierarchical categories of individual goals of the
system or the global objectives of the entire system (economic efficiency,
effectiveness and equity). Furthermore, each alternative should be evaluated
based on its financial, legal and administrative feasibility. Finally, economic
and technical inputs such as interest rates, costs and efficiency of
interventions are not constant over time, but subjects of change caused by
responses to expected and unexpected conditions. Therefore, the evaluation
process should include a sensitivity analysis ("what if" scenario) for problem
determination and probability analysis that incorporates the probability
distribution of various input parameters so that one alternative that seems
optimal for the given conditions can be far from optimal under the other and
different conditions.
CONCLUSIONS
The process of transport project development is complex and, from the
aspect of resources, intensive activity because it involves consideration of
sensitive issues of social, economic, environmental, cultural and public
policies. The process of developing a transport project often involves all
levels of government: state, regional, entity, cantonal and local. This process
consists of several steps: a review of the plan at the network level, in
particular what is the relationship of that plan with the project in question,
location planning and site selection, engineering design, construction and
operation.
Evaluation of any transport project is the decision-making process based on
the assessment of the positive and negative impacts of alternative options in
relation to individual and multiple criteria. The most visible and well-known
traditional step that involves explicitly evaluating alternatives is the planning
step at the level of the traffic network or at the level of the entire traffic

176

system. The following common steps are the choice of the location of the
transport object and its design. Usually, the evaluation criteria are: economic
efficiency, environmental impact, traffic safety, traffic efficiency, economic
development and socio-cultural criterion.
The value of the transport project is different for different entities. However,
for the given project there are several, sometimes conflicting, measures of
values that often have different units. Some of these units are not easy to
quantify.Once all possible actions are reviewed in terms of their suitability
and feasibility for implementation, the resulting executable actions are
defined as alternatives. Alternatives are valued on the basis of the so-called
3E Triangle: Efficiency, Effectiveness and Equity. This can be considered as
overall goals of evaluation.
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Abstract
With the increase of the motorization in the last decades, large cities face
congestion problems. Congestion causes numerous negative consequences
such as: air pollution, noise, delays, space occupation etc. City authorities try
to solve this problem using the traffic demand management (TDM) models.
One of TDM models is congestion pricing. Bearing in mind the evident
problem of congestion in the central city zone in Belgrade, the aim of this
paper is to examine users' attitudes on the introduction of congestion pricing.
Users' attitudes were collected by conducting a poll of questions related to
the socio-demographic characteristics of users, O-D matrix of car drivers,
and questions regarding the policy of congestion pricing. The results of the
questionnaire provide a basis for introducing the congestion pricing strategy
in Belgrade.
Keywords - users' attitudes; traffic; environment; central city zone

INTRODUCTION
The problem of congestion arose as a result of the increase in the number
of vehicles, especially in urban areas or central city zones. Congestion
causes numerous negative consequences such as: air pollution, noise, delays,
space occupation, fuel waste as well as the stress of all road users. It is
estimated that for each rush hour a traveller pays an annual “congestion tax”
of between $850 and $1,600 in lost time and fuel and spends the equivalent
of almost 8 workdays each year stuck in traffic. [1].

¹ original scientific paper
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A lack of the capacity management mechanism causes congestion
problems. Capacity increase in the already established urban areas is the
most used solution, although capacity increase is a short term solution since
it causes demand increase. An appropriate solution is demand reduction
using different measures and policies.
It is necessary to develop strategies for congestion reduction. Such a
strategy is Congestion Pricing which brings numerous benefits and positive
effects to society in the cities with congestion problems. The idea is to
charge cars for using a road segment or driving through the city centre
during peak hours in order to reduce congestion by reducing the number of
cars. In this way, people are motivated to change the transit mode or travel
time and use routes which do not pass through the city centre. The reduction
of demand by 5% makes traffic movement more efficient for the ones who
continue travelling through the charged zone [1]. The congestion charge
implementation benefits are the increased profit, increased public transport
participation in modal split, transport services improvement and time savings
because of congestion reduction. Important benefits are air pollution
reduction and public health improvement. A lot of research deals with the
positive effects of the congestion charge system [2-5].
Authorities have to consider public acceptance and political support when
implementing some measures of transport policies, such as congestion
pricing, because of their significant influence on the implementation and
success of measures and policies. Implementing the congestion charge
system without a strong political support and public acceptance has been
unsuccessful in many cities (Hong Kong, New York, Edinburgh,
Manchester) [6]. The best way to determine users' attitudes and public
acceptance about congestion charging is conducting a survey. The survey
results indicate users' attitudes and influential variables, which is important
to decision makers and those who create transport policies. The research
shows that users' attitudes are variable and can change over time because of
the influence of media and information about the system. However, the most
important change of attitudes occurs after the implementation of a system.
Public support increases after the system implementation due to the learning
about the system, experiencing it and its benefits [7].
Considering the low level of service and traffic jams on the Belgrade
street network, congestion pricing can be considered as one policy-level
alternative for tackling ongoing demand management issues. Mladenovic et
al. [8] observe the question of congestion pricing in the City of Belgrade
from the perspective of policy transfer theory. Policy transfer theory
originates from the fields of political science and public policy. Having that
in mind, this paper deals with the analysis of users' attitudes regarding
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congestion pricing in the Belgrade central zone. The aim is to analyse users'
attitudes, determine influential variables and define users' preferences.
Result of analysis obtained in this paper could represent a beneficial basis
for making decisions when creating transport policies and measures of
congestion charging.
LITERATURE REVIEW
Schuitema et al. [7] conducted a survey in Stockholm in order to
determine the difference between users’ attitudes before and after the
congestion pricing implementation in Stockholm. Analyses were conducted
with 143 representative respondents. The results showed that after the trial
period the respondents learned that there were more positive effects of the
congestion pricing and fewer negative effects than they had expected. The
parking problem reduction was more influential on the acceptance level than
the congestion and air pollution reduction. The acceptance increased after
the implementation of the system.
Liu & Zheng 2013 [9] examined the public acceptance of congestion
pricing in Brisbane, and analyses were conducted with 150 respondents. It
was determined that female drivers had a more positive attitude towards
congestion charging than males, and public transport users were more
supportive than drivers. Those who drove to the city centre when travelling
to work were concerned about the attractiveness of working in the city
centre, because they had to pay more for travelling in the city centre. Drivers
were sceptical about congestion pricing because they thought that the
existing public transport system capacity was not sufficient for increasing
the demand after the implementation of congestion pricing. It was shown
that respondents with higher income less likely would give up on driving or
would travel rarely in the city centre.
Zheng et al. [6] conducted a survey in Melbourne as an addition to the
previous research [9] with additional 173 representative respondents. Results
showed that the price had a significant influence on the acceptance of
congestion charging and probability of using a bus for travelling in the city
centre. The respondents’ perception of the congestion pricing benefits had
positive effects on the acceptance of the congestion pricing system. The
primary transport mode for travelling in the city centre had a significant
influence on the acceptance of the congestion pricing system. Respondents
whose primary transport mode for travelling to the centre was public
transport or cycling and walking showed a much stronger support for the
congestion charge than drivers.
Nilsson et al. [10] dealt with Gothenburg residents’ attitudes towards
congestion pricing. They conducted three surveys, two before
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implementation and one after, so the sample consisted of 4738 responses.
Information about the system did not have an influence on the support, but
was important for understanding. The influential variable for the support was
experience. The respondents were more supportive if they believed that the
system had positive effects on the environment, even if there were some
negative effects on their personal situation.
Hess & Börjesson [11] tried to understand Stockholm, Lyon, Helsinki
and Gothenburg residents’ attitudes about congestion charging after
conducting surveys in these cities. They showed that attitudes about
environment, equity, pricing and taxes had a significant influence on
supporting and creating attitudes towards congestion pricing. Respondents
with higher income gave support to congestion pricing and were less worried
about equity, and respondents with more cars were less worried about the
effects on the environment. Attitudes depended on education and gender.
Experience with a similar system had a significant influence on the
congestion pricing support.
METODOLOGY
The users’ attitudes were collected by conducting a survey with a
questionnaire which was formed by using Google Forms and sent to the
participants by e-mail in December 2017. The target group were central zone
residents and those who travelled to/from or through the central zone.
The questionnaire has 38 questions and it is divided into three sections,
the first section contained questions about socio-demographic
characteristics, the second section refers to trips into the central zone, and
the last one was designed for collecting attitudes towards congestion pricing.
After collecting and checking the answers, statistical analysis is performed
using IBM SPSS software.
RESULTS AND DISCUSSION
The sample consists of 135 users of the Belgrade central zone (CZ).
Among the respondents, 22% are residents of this zone. The majority of the
respondents have trip origin out of the CZ and destination in the CZ (53%).
For 19% of the respondents, both the origin and destination are out of the
CZ, i.e. they transit through CZ. For 16% of the respondents, the trip origin
and destination are both in the CZ and for 12% the origin is in CZ and the
destination is out of the CZ.
The majority of the respondents would support the introduction of
congestion pricing (CP) (63%) in the Belgrade CZ. The percentage of the CZ
residents who would support the introduction of CP is higher (67%) than the
percentage of those who do not live in the central city zone (62%) (Table 1).
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Table 1. Willingness to accept CP depending on whether the repondents are
residents of the CZ
Are you a resident of CZ?
Yes
No
n
%
n
%
20
66,7
65
61,9
Do you support implementation of Yes
CP in CZ?
No
10
33,3
40
38,1

General analysis of the CZ usage frequency shows that those who are for
the implementation of CP in the CZ use the CZ more often than those who
are not, regardless of the trip purpose (Table 2). This can be explained with
the fact that they are familiar with the congestion problems in the CZ and
they would pay a charge for better traffic conditions in this zone.
Table 2. Willingness to accept CP depending on the usage of the CZ with
different purposes
Weekly
Monthly
Monthly
frequency with
frequency with
frequency with
work purpose
shopping purpose relaxing purpose
Mean
Mean
Mean
Do you support Yes
4,55
7,04
4,87
implementation
No
4,18
5,78
3,80
of CP in CZ?

The respondents who mostly travel in/from/through the CZ with
work/school purpose by public transport (PT) are more willing to accept the
implementation of CP than those who travel by passenger cars (Table 3).
Reason for this may be that the introduction of this policy would affect travel
conditions of public transport, but passengers of this transport mode would
not have to pay congestion charges.
Table 3. Willingness to accept CP depending on the transport mode usage for
entering the CZ
PC
Do you support the implementation
of CP in the CZ?

Yes
No
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n
28
17

PT
%
62,2
37,8

n
20
10

%
66,7
33,3

Except the first category, who mostly travel to the CZ by public transport,
the other categories show that the willingness to accept CP rises with the
increase of the monthly income (Table 4).
Table 4. Willingness to accept CP depending on the monthly income
<250 250-500 501-750 751-1000 1001-1250
>1250
Do you
(€)
(€)
(€)
(€)
(€)
(€)
support
CP in CZ?
%
%
%
%
%
%
Yes
80,0
38,9
65,1
70,4
60,0
63,0
No
20,0
61,1
34,9
29,6
40,0
37,0

The obtained results show that travelers with the purposes of shopping
and recreation, use passenger cars more frequently than public transport. The
situation is different when the purpose is travelling to work or school.
The respondents stated that the most common reason for travelling in the
Belgrade CZ by car is comfort (49%). The second important reason is travel
time savings (27%), which also refers to the level of service. However, it is
very important to mention that the problems with public transport had a
significant share (Table 5).
Table 5. The most common reasons for travelling in the CZ using PC?
n
%
Do not use
12
8,9
Lower price
2
1,5
What is the most
Travel time savings
36
26,7
common reason for
Comfort
66
48,9
trips in the CZ using
Public transport unreliability
8
5,9
PC?
No direct public transport line
10
7,4
No public transport near my house
1
0,7

The respondents had to rate the extent to which the following problems
were expressed in the Belgrade central city zone: air pollution, noise,
congestion and space occupancy by vehicles, on a scale from 1 to 5, where 1
referred to a small extent and 5 to a great extent. According to the obtained
results, the respondents stated that all the listed problems were significantly
present in the Belgrade CZ, but they perceived the space occupancy by
vehicles as the most important problem (Table 6).
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Table 6. The extent to which the following problems are present in the CZ
Stand.
Mean Med.
Deviation
How much air pollution is expressed in the CZ
3,99
4,00
0,89
How much noise is expressed in the CZ
4,04
4,00
0,87
How much congestion is expressed in the CZ
4,27
4,00
0,78
How much space occupancy is expressed in the CZ
4,29
5,00
0,85

According to the obtained results, about 31% of the respondents do not
have an alternative route to avoid travelling through the Belgrade CZ.
Table 7. The existence of alternative routes to avoid travelling through the CZ
n
%
Yes, several
56
41,5
Is there an alternative route to
Yes, just one
18
13,3
avoid travelling through the
No, there is not
42
31,1
Belgrade CZ?
I don't know
19
14,1

If an alternative route existed, most of the respondents would choose the
alternative route if congestion was present on their route (50%), or due to the
shorter travel time on an alternative route (30%). About 2.0% of the
respondents would change the route due to lower travel costs on the
alternative route and about 17% of the respondents would not use alternative
routes in any cases (Table 8).
Table 8. The most common reasons for choosing an alternative route
n
%
Congestion on the main route
68 50,4
41 30,4
Why would you choose Shorter travel time on the alternative route
an alternative route? Lower travel costs on the alternative route
3
2,2
I would not use the alternative in any way
23 17,0

For most of the respondents, the most common reason for the public
transport usage in CZ is the problem of finding a parking lot (57 %).
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Table 9. The most common reasons for public transport usage in the CZ
Do not use
Lower price
Travel time savings
What is the most common reason
Higher traffic safety
for PT usage in the CZ?
Problem to find parking place
I do not have a passenger car
I live too far from the center

n
28
14
7
1
85
10
5

%
18,7%
9,3%
4,7%
0,7%
56,7%
6,7%
3,3%

Results of this research also show that 33% of the respondents had never
before heard about the congestion pricing positive effects and 22% changed
their opinion regarding CP after they had heard, through this research, about
the positive effects.
Results about WTP and MAP values are given in Table 10. According to
these results, the MAP value for entering the Belgrade central zone is much
higher than the WTP value.
Table 10. WTP and MAP values

WTP for entering the
Belgrade central zone
MAP for entering the
Belgrade central zone

Mean

Med.

Stand.
Deviation

1,98

1

2,03

4,93

5

3,62

How would users react to the introduction of CP in the Belgrade CZ is a
very important issue. The obtained results show that the majority of the
respondents would not change anything about their journeys into the CZ
(42%). Almost the same percentage of the respondents would travel more
(13%) or less (about 16). And the very important finding is that about 16%
of the respondents would change the transport mode. The share of those who
would change their route (6%) or travel time period (7%) is also very
significant.
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Table 11. The influence of introducing CP on the respondents’ behaviour
n
%
It would not affect
57
42,2
I would travel more frequently
17
12,6
21
15,6
How would the introduction I would travel less frequently
of CP affect your travelling to I would change the transp. mode
22
16,3
CZ?
I would change the route
8
5,9
I would travel in other time
10
7,4
periods

In Table 12, the obtained results show that the respondents would
primarily profit from the CP investment in improving the public transport (1
signifies the most important and 4 the least important).
Table 12. The manner in which the profit from CP should be spent
Stand.
How should the profit from CP be spent?
Mean
Med.
Deviation
For the improvement of public transport
1,96
2,00
1,14
For the impr. of the infrastr. for motorised traffic
2,61
3,00
1,06
For the impr.. of the infrastr. for unmotorised traffic
2,62
3,00
0,88
For the improvement of environmental protection
2,80
3,00
1,20

Very important findings are that 65% of the respondents stated that they
would use the privilege for high occupancy cars and that the majority of
respondents wants charging only during working days peak hours.
CONCLUSION
Introduction of congestion pricing is a very delicate task due to the fact
that it brings many benefits to society as whole, but also has some negative
consequences for some travellers categories. Also, certain conditions must
exist in order to introduce congestion pricing. Having this in mind, a detailed
analysis must be carried out in order to make a decision and precisely define
policy. The crucial part of that analysis is in depth knowledge of users’
attitudes toward CP. By knowing users’ attitudes authorities can present
good solution of CP that will win the public support for successful
implementation of CP.
For that purpose a survey is conducted aiming to obtain users’ experience
and attitudes about the introduction of congestion pricing in Belgrade central
zone.
Most respondents are for introduction of congestion pricing in Belgrade
central zone, especially residents of that area. Also, most respondents are for
introducing congestion pricing only during working days peak period. It is
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also important to state that major of respondents will use privilege of high
occupancy cars. They would pay for entry into central zone about 2 euros,
and the values of maximum acceptable price at which they would give up
entry to central zone are significant higher, about 5 euros. The profit earned
by congestion charging respondents would at first invest in better public
transport. Most respondents replied that they are using public transport due
to problems in finding parking lot and they stated that the main problem in
this area is space occupancy by vehicles. Respondents also stated that air
pollution and noise are largely expressed in CZ and recognize the
importance of this strategy from these points of view. A significant
percentage of respondents (30%) said that they do not have an alternative
route to avoid entry into central zone, but if they have an alternative route
most of them would use that route. Also, majority of respondents use
passenger car for travelling into central zone, because it gives higher comfort
and travel time savings. But, it is very important to state that problems with
public transport participate in significant percent due to public transport
unreliability, lacking of direct public transport line or non-existence of
public transport. It is very important to point out that about 16% of
respondents would change transport mode - from car to public transport,
after introduction of congestion pricing.
The obtained results show that respondents recognized the problem of
congestion pricing in Belgrade central zone and that they would support this
strategy. This paper also have contributed defining the policy of this strategy
and determining factors which affect users’ willingness to accept this policy.
Before introducing this measure, certain conditions must be provided. First
of all, better public transport and alternative routes must be realized.
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Abstract
The augmentation of motorization level leads us to the need for mobility
and demands better infrastructure, in urban and suburban areas. The
complexity of this problem is especially notable in urban areas where the
space delimitations, functional characteristics and different transportation
must be considered.
The intersection between boulevard Krste Petkov Misirkov and boulevard
Goce Delcev, in Skopje, has been analyzed with the methodology for
capacity and level of service, according to HCM. Both boulevards are with
three lanes before the intersection, and two additional lanes for left and right
turns in the intersection area, and this is one of the most frequent
intersections in Skopje. Number of vehicles is determined by measuring the
traffic, and those inputs are used to analyze three solutions: the current
solution (signalized intersection), roundabout and junction (leveled
roundabout). Anyway, this analysis is based on custom measurements within
a week.
Keywords - intersection; analysis; roundabout; capacity; level of
service; Highway Capacity Manual

¹ professional paper

191

INTRODUCTION
Intersection type is important and depends on many factors. For instance,
if both roads are with similar traffic load, roundabout is recommendable. In
case of different traffic load, signalized or unsignalized intersection is better
solution. If the roads have more than 4 lanes, junction is the best solution, or
intersection with required signalization.
The Highway capacity manual is used for analyzing capacity and level of
service for many various facilities. The analyzed flows are classified as
interrupted or uninterrupted flows. Uninterrupted flows are all the flows with
no fixed elements. Traffic flows depends on vehicles interactions and
geometric and environmental characteristics. Interrupted flows, on the other
hand, have controlled and uncontrolled access points that interrupt the flow.
City roads are classified as interrupted because of the signs, signalization
and bicycle and pedestrian presence.
CAPACITY ANALYSIS OF INTERSECTION AT BLVD. KRSTE
PETKOV MISIRKOV AND BLVD. GOCE DELCEV - SKOPJE
Boulevard Krste Petkov Misirkov spans in line North - South, while
boulevard Goce Delcev spans in line East - West. Both boulevards have three
lanes before the intersection and two additional lanes for left and right turns.
In the intersection area there are five lanes in total per leg.

Fig.1.Current solution of intersection
- blvd. Goce Delcev (East - West line) –
Skopje

Fig.2.Current solution of intersection
- blvd. Krste Petkov Misirkov (Blvd. K.
P. Misirkov - North - Blvd. K. P.
Misirkov - South line) – Skopje

Traffic measuring is made during a week (15.02.2016 - 21.02.2016) in the
morning hours, 07:30 - 09:30 from Monday to Friday and 08:30 - 10:30
during the weekend. From these measurements for the traffic we can
calculate average daily traffic (ADT) and average daily annual traffic
(ADAT).
(1)
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- Loadper hour
FNC - n-hour factor (8-10, in this case it's 9)
(2)
Ks - Factor of annual variability (Ks = 1.09 in this case)
In table 1 the Origin - Destination matrix is presented for 15 minutes
traffic for the analyzed intersection.
Table 1.Origin - Destination matrix for the analyzed intersection

Blvd. G.
Delcev East
Blvd. G.
Delcev West
Blvd. K. P.
Misirkov North
Blvd. K. P.
Misirkov South

Blvd. G.
Delcev - East

Blvd. G.
Delcev West

Blvd. K. P.
Misirkov North

Blvd. K. P.
Misirkov South

0

270

59

81

410

173

0

61

23

257

167

48

0

91

306

173

49

135

0

357

513

367

255
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FOUR LEGGED SIGNALIZED INTERSECTION
The intersection between blvd. Krste Petkov Misirkov and blvd. Goce
Delcev is four legged signalized intersection. With personal counting of
vehicles, the current traffic is obtained. Considering the influence of traffic,
geometric and signalization conditions, appropriate correctional factors are
used in order to calculate the saturation flow rate.
First step in the calculation is grouping the lanes, so that the capacity and
level of service can be calculated for each group. For this research lanes are
grouped in 3 groups (Left turns and through, through and Right turns).
The left turns and through movements are actuated because they depend
on the signalization, but the right turns as independent are classified as
pretimed.
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Table 2.Inputs for four legged signalized intersection
CAPACITY AND LOS
CAPACITY ANALYSIS
Phase number
Phase type

1
А

А

2
P

А

Lane group
Adjusted flow rate v (veh/h)
786.37
2601.92
569.77
Saturation flow rate s (veh/h)
881.51
4595.84
1086.53
Lost time tL (s) = l 1 + Y - e
4
4
4
Effective green time (s) g = G + Y - tL
117
117
117
Green ratio g/C
0.936
0.936
0.936
Lane group capacity c=s(g/C) (veh/h)
825.09
4301.71
1016.99
v/c ratio, X
0.95
0.60
0.56
Flow ratio v/s
0.89
0.57
0.52
Critical lane group/phase (√)
√
Sum of flow ratios for critical lane groups
Yc = ∑( critical lane groups, v/s)
Total lost time per cycle L (s)
Critical flow rate to capacity ratio
Xc = (Yc)(C)/(C-L)
Lane group capacity, Control delay and LOS Determination
Blvd. G. Delcev - East

Lane group
Adjusted flow rate v (veh/h)
Lane group capacity c (veh/h)
v/c ratio, X
Total green ratio g/C
Uniform delay
d1 = 〖0.5C(1-g/C)〗^2/(1-[min
(1,X)g/C])(s/veh)
Incremental delay calibration k
Incremental delay
d2 = 900T [(X-1)+√(〖(X-1)〗^2+8kIX/cT) (s/veh)
Initial delay, d3 (s/veh)
Uniform delay d1 (s/veh)
Progression adjustmen factor PF
Delay d = d1(PF) + d2 + d3
LOS by lane group

А

590.47
2442.24
4
117
0.936
2285.94
0.26
0.24

3
P

А

1673.45
4743.20
4
117
0.936
4439.63
0.38
0.35

212.85
1118.12
4
117
0.936
1046.56
0.20
0.19

√

А

1612.75
1767.03
4
117
0.936
1653.94
0.98
0.91

4
P

882.94
3425.97
4
117
0.936
3206.71
0.28
0.26

А

464.92
1291.84
4
117
0.936
1209.16
0.38
0.36

А

473.20
2644.80
4
117
0.936
2475.53
0.19
0.18

P

1302.34
3038.04
4
117
0.936
2843.60
0.46
0.43

√

1674.83
1132.92
4
117
0.936
1060.41
1.58
1.48
√

3.64
16
4.17
Blvd. G. Delcev - West

Blvd. K. P. Misirkov - North

Blvd. K. P. Misirkov - South

786
825
0.95
0.94

2602
4302
0.60
0.94

570
1017
0.56
0.94

590
2286
0.26
0.94

1673
4440
0.38
0.94

213
1047
0.20
0.94

1613
1654
0.98
0.94

883
3207
0.28
0.94

465
1209
0.38
0.94

473
2476
0.19
0.94

1302
2844
0.46
0.94

1675
1060
1.58
0.94

2.37

0.59

0.54

0.34

0.40

0.32

2.93

0.34

0.40

0.31

0.45

4.00

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

21.80

0.64

2.23

0.27

0.25

0.44

16.96

0.21

0.93

0.17

0.53

265.28

0
2.37
0
21.80
C

0
0.59
0
0.64
A

0
0.54
0
2.23
A

0
0.34
0
0.27
A

0
0.40
0
0.25
A

0
0.32
0
0.44
A

0
2.93
0
16.96
B

0
0.34
0
0.21
A

0
0.40
0
0.93
A

0
0.31
0
0.17
A

0
0.45
0
0.53
A

0
4.00
0
265.28
F
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After grouping the lanes, volume adjustment is made by considering the %
of heavy vehicles and peak hour factor. Next step is calculation of saturation
flow rate, by knowing the number of lanes and appropriate adjustment
factors. After these calculations, the capacity analysis can be done. For each
group of lanes on each leg, critical lane group or phase is determined by the
biggest flow ratio (v/s). Since all of the lane groups have flow ratio smaller
than 1, except for the lane for right turns of Blvd. K. P. Misirkov – South, this
is the only leg that has level of service F, while the other three have level of
service A. Another indicator of unsatisfying solution for the leg with LOS F
is the delay.

Fig.3.Example of four
legged signalized
intersection

Fig.4.Example of
unsignalized roundabout

Fig.5.Example of
deleveled two-lane
roundabout)

Table 3.Final results for four-legged signalized intersection
Lane group capacity, Control delay and LOS determination
Blvd. G.
Delcev East

Blvd. G.
Delcev West

Blvd. K. P.
Misirkov North

Blvd. K. P.
Misirkov South

LOS by
A
A
A
F
approach
Approach flow
3958,06
2476,77
2960,61
3450,37
rate vA (veh/h)
Intersection
5,07
0,27
9,45
129,00
delay dI
In the calculations, the number of buses for some groups of lane is
adjusted according to the HCM, it is given as 250 buses (max number given
by the manual), even though the number is bigger than this. Also, each lane
for right turns is analyzed as two lanes from 2.75m (2x2.75=5.50), because
by the manual is not allowed to have lane wider than 4.8m.
With computation of total delay for each lane group, LOS can be
determined, for each group lane and for each approach as well.
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ROUNDABOUT - UNSIGNALIZED INTERSECTION
Roundabout analysis is divided in two parts, computation of approach
flows and computation of circular flow. In order to obtain more realistic
results for each lane group, methodology for unsignalized four-legged
intersection is used.
First step is defining circulating traffic for each entry stream.
Because HCM 2000 only gives solution for roundabout with one circular
lane, HCM 2010 methodology for two circular lanes is used in order to
compute the capacity and obtain LOS. According to this methodology, the
right lane is defined as dominant and the left lane as subdominant lane.
Since v/c ratio is bigger than 1,0 in two approaches (Blvd. G. Delcev West and Blvd. K. P. Misirkov - North), the delays are bigger and LOS is
lower. For these approaches LOS is "F", while for the approach of Blvd. G.
Delcev - East LOS is "B" and of Blvd. K. P. Misirkov - South is "C". This
results are expected, considering the fact that approaches with 3 lanes before,
and 5 lanes in the intersection area are reduced to two-lane
approaches and two-lane circular flow.
DELEVELED ROUNDABOUT - UNSIGNALIZED INTERSECTION
Since neither of the previously mentioned solutions is acceptable, another
possibility is analyzed. By using diamond junction, delays would still remain
big, and LOS would be low, so deleveled roundabout is proposed as more
acceptable solution.
The through movements from the main road are segregated in one level,
while all the other movements are lead on another level, with circular flow.
The same calculations as in two-lane roundabout is used, just the TH
movements from blvd. Goce Delcev are removed.
From the table 7 is obvious that both approaches of blvd. Krste Petkov
Misirkov have acceptable delays and LOS "A", while the approach of Blvd.
G. Delcev - East has LOS "B" (which is acceptable) but the approach of
Blvd. G. Delcev - West has LOS "F".
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Table 4.Inputs for two lanes unsignalized roundabout
ROUNDABOUT UNSIGNALIZED INTERSECTION

LT Traffic

Volume (veh/h)
PHF
Flow rate (veh/h)

TH Traffic

Volume (veh/h)
PHF
Flow rate (veh/h)

RT Traffic

Volume (veh/h)
PHF
Flow rate (veh/h)

VOLUME ADJUSTMENTS
Blvd. G. Delcev - East
v1
786
1
262
v2
2602
1
867
v3
570
1
190
APPROACH FLOW COMPUTATION

Blvd. G. Delcev - West
v4
590
1
197
v5
1673
1
558
v6
213
1
71

Blvd. K. P. Misirkov - North
v7
1613
1
538
v8
883
1
294
v9
465
1
155

Approach flow (veh/h)

vA (veh/h)

va,и = v1 + v2 + v3

1319

va,з = v4 + v5 + v6

826

va,С = v7 + v8 + v9

Blvd. K. P. Misirkov - South
v10
473
1
158
v11
1302
1
434
v12
1675
1
558

987

va,Ј = v10 + v11 + v12

1150
CIRCULATING FLOW COMPUTATION

Approach flow (veh/h)

vC (veh/h)

vc,и = v4 + v10 + v11

789

vc,з = v1 + v7 + v8

1094

vc,С = v1 + v2 + v10

1287

vc,Ј = v4 + v5 + v7

Capacity
v/c ratio

Upper bound
Lower bound
Upper bound
Lower bound

1292
CAPACITY COMPUTATION
Blvd. G. Delcev - East
740
584
1.07
1.35

197

Blvd. G. Delcev - West
576
443
1.90
2.47

Blvd. K. P. Misirkov - North
491
371
2.62
3.47

Blvd. K. P. Misirkov - South
1212
369
1.07
3.50

Table 5.Inputs for two lanes deleveled roundabout
DELEVELED ROUNDABOUT

LT Traffic

Volume (veh/h)
PHF
Flow rate (veh/h)

TH Traffic

Volume (veh/h)
PHF
Flow rate (veh/h)

RT Traffic

Volume (veh/h)
PHF
Flow rate (veh/h)

VOLUME ADJUSTMENTS
Blvd. G. Delcev - East
v1
786
1
262
v2
0
1
0
v3
570
1
190
APPROACH FLOW COMPUTATION

Blvd. G. Delcev - West
v4
590
1
197
v5
0
1
0
v6
213
1
71

Blvd. K. P. Misirkov - North
v7
1613
1
538
v8
883
1
294
v9
465
1
155

Approach flow (veh/h)

va (veh/h)

va,и = v1 + v2 + v3

452

va,з = v4 + v5 + v6

Blvd. K. P. Misirkov - South
v10
473
1
158
v11
1302
1
434
v12
1675
1
558

268

va,С = v7 + v8 + v9

987

va,Ј = v10 + v11 + v12

1150
CIRCULATING FLOW COMPUTATION

Approach flow (veh/h)

vc (veh/h)

vc,и = v4 + v10 + v11

789

vc,з = v1 + v7 + v8

1094

vc,С = v1 + v2 + v10

420

vc,Ј = v4 + v5 + v7

Capacity
v/c ratio

Upper bound
Lower bound
Upper bound
Lower bound

734
CAPACITY COMPUTATION
Blvd. G. Delcev - East
740
584
1.07
1.35
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Blvd. G. Delcev - West
576
443
1.90
2.47

Blvd. K. P. Misirkov - North
995
809
0.42
0.52

Blvd. K. P. Misirkov - South
689
613
1.07
1.20

Table 6. Final results for roundabout with two circular lanes
Two - lanes roundabout

Entry lane
capacity (right)
Entry lane
capacity (left)
Total capacity
v/c
Control delay
LOS

Blvd. G.
Delcev - East

Blvd. G.
Delcev West

Blvd. K. P.
Misirkov - North

Blvd. K. P.
Misirkov - South

425

276

749

1059

716

561

500

515

1141
0,69
14,89
B

836
1,31
164,19
F

1248
1,03
52,11
F

1574
0,82
16,68
C

Table 7. Final results for deleveled roundabout with two circular lanes

Deleveled Two - lanes roundabout

Entry lane
capacity (right
lane)
Entry lane
capacity (left
lane)
Total capacity
v/c
Control delay
LOS

Blvd. G.
Delcev East

Blvd. G.
Delcev West

Blvd. K. P.
Misirkov North

Blvd. K. P.
Misirkov South

425

276

1300

1510

716

561

903

753

1141
0,69
14,89
B

836
1,31
164,19
F

2203
0,19
7,02
A

2264
0,32
7,35
A

This solution is proposed strictly from visual and traffic aspect, with no
information for installations, possibility for developing ramps or length of
ramps.
CONCLUSION
Each of the proposed solutions has advantages and disadvantages. The
solution with signalized intersection has relatively small delay, except for the
approach ofBlvd. K. P. Misirkov - South. The results are less acceptable for
two-lane roundabout, while the deleveled roundabout has similar results as
signalized intersection.
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If the actual solution is accepted as more favorable, some corrections
must be done, so that the problem with low LOS can be solved. One way to
solve this problem is by directing the traffic on other existing roads. Also,
special lane for public transport vehicles would also help, because buses
have big influence in capacity and LOS.
The bad results for both roundabouts can be because of the reduction of
lanes in the intersection area. Anyway, this results are based on personal
counting of traffic in short period, without previous information in order to
obtain traffic increment, so they should be observed with backup.
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Abstract
Signalized intersections and belonging signal plans are powerful means
for effective urban traffic management. Numerous strategies have evolved
over the time, from fixed time to intelligent signal plan control strategies that
respond and react to traffic conditions in real time. This paper presents an
evaluation and comparison of the impact of fixed time and UTOPIA
adaptive traffic signal control strategies for the chosen urban corridor in the
wider center area of the City of Skopje, Macedonia. A topic that still requires
more attention from the research community. This paper presents a
continuation of the author’s previous research where a framework to test
UTOPIA adaptive control using the microscopic simulator VISSIM was
described. Obtained new results include the influence of fixed time signal
plans which are compared with UTOPIA’s results and analyzed in details
using the following performance measures: delay, queue length, travel time,
intersection level of service, number of stops and vehicle throughput.
Keywords - signal plan control strategies; intelligent transportation
systems; UTOPIA; microscopic simulation; urban corridor
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INTRODUCTION
Intelligent transport systems (ITS) that embed advanced technologies in
transport are being accepted by transport authorities around the world as a
viable alternative to reliance on building more roads to reduce congestion
since many years [1]. In many experiments around the world, it has been
shown that Advanced Traffic Management Systems (ATMS) can improve
traffic quality by reducing traffic congestion, delays, and saving traveling
time [2, 3]. In large cities, such systems are implemented in their respective
Urban Traffic Control (UTC) centers.
Traffic signal control is a core element for efficient operation of the urban
network and crucial part of ITS [1]. Traffic signal control strategies are the
most common means used for managing the traffic flows at different types
of intersections in the cities. Today many cities in the world still implement
fixed time control strategies. The disadvantage of these strategies is that they
do not respond to everyday fluctuations in traffic patterns. Adaptive traffic
control strategies are designed to overcome the limitations of fixed time
control and they respond to fluctuations in everyday traffic patterns by
adjusting signal timing in accordance with current traffic demand and can
reduce traffic congestion, delays, and travel time. As an example, systems
like SCATS, SCOOT, RHODES, ImFlow, and UTOPIA (Urban Traffic
Optimization by Integrated Automation) can be mentioned [2]. Each of the
mentioned systems has a unique characteristic. For example, UTOPIA
/SPOT (System for Priority and Optimization of Traffic), which is used in
the city of Skopje, is a hierarchical decentralized traffic signal control
strategy [4]. It is also used in many cities in Italy as well as Netherlands,
USA, Norway, Finland, and Denmark. It minimizes the total time lost by
private vehicles during their trips, subject to the constraint that public
vehicles to be prioritized shall not be stopped at signalized intersections [2].
The effectiveness of the mentioned adaptive traffic control systems has to
be evaluated or at least estimated on the chosen urban traffic network before
implementation. As obtained in [2], adaptive traffic control cannot obtain an
optimal solution in all traffic scenarios. Especially in a case of a corridor or a
larger complex urban traffic network. To find which traffic control approach
is optimal and to tune the controller, simulations are used. This paper
presents an evaluation and comparison of the impact of fixed time and
UTOPIA adaptive traffic signal control strategies for the chosen urban
corridor in the wider center area of the City of Skopje, Macedonia. It is a
continuation of the author’s previous research where a framework to test
UTOPIA adaptive control using the microscopic simulator VISSIM was
described, implemented and tested [5]. Obtained new results about the
influence of fixed time signal plans are compared with UTOPIA’s results
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and analyzed in details in the continuation of this paper using the following
performance measures: delay, queue length, travel time, intersection level of
service, number of stops and vehicle throughput.
This paper is organized as follows. The second section describes the
chosen performance measures for urban traffic control. Basic description of
booth evaluated traffic signal strategies is presented in the third section. The
fourth section presents the implemented simulation setup. The fifth section
presents obtained results and discussion about them. Conclusion and future
work description ends the paper.
PERFORMANCE MEASURES FOR URBAN TRAFFIC CONTROL
To evaluate the performance of different traffic signal control strategies
appropriate measures of effectiveness (MoE) should be determined and
discussed. The available literature describes a variety of MoEs that can be
used for this task in order to cope with different site-specific issues and with
different performance metrics that can be applied for an urban environment
[6, 7]. One of the site-specific issues can be the influence of traffic from side
streets [8]. In this use case, a part of the urban network with several main
streets is analyzed so MoEs for side street traffic like side street delay and
delays for major turning approaches are not examined.
To give a clear description and to understand traffic flow conditions at an
individual intersection under fixed time and adaptive traffic control
strategies the following performance measures are being applied: delay,
level of service (LoS), average queue length, max queue length, numbers of
stops and vehicle throughput. MoEs defined in previous author’s work [5]
are augmented with vehicle throughput to better evaluate the performance of
fixed traffic signal strategies and UTOPIA. The reasons for determining
these parameters are as follows. Delay and LoS play a primary role in
determining individual intersection performance. LoS can be used to
understand the quality of traffic conditions on a particular intersection and
delay exposes the difference between free-flow and congested traffic
conditions. Frequent stops due to congestion are a typical characteristic of
urban traffic. One of the reasons for this is the presence of signalized
intersections. Therefore, the information of queue length and number of
stops must be included as a performance measure also. The vehicle
throughput can provide useful information about the maximum number of
vehicles which can be discharged during the time as a measure of the
comparative effectiveness of the two evaluated traffic control strategies. In
addition, for an in-depth analysis of the arterial section in the analyzed urban
traffic network, travel time, delay and number of stops were obtained.
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VISSIM microscopic traffic simulator software was used to obtain all these
mentioned MoEs [9].
TRAFFIC SIGNAL STRATEGIES FOR EVALUATION
As mentioned, the primary emphasis of this paper is to evaluate and
compare the impact of fixed time and UTOPIA adaptive traffic signal
control strategies. A brief review regarding these strategies is presented
below as a background for further analysis.
Fixed time control
Conventional traffic signal control approaches are either fix-timed or
vehicle actuated [2]. Fixed time control uses predetermined green and cycle
time that has a fixed duration, regardless of changes in traffic volumes
during the day. This type of control gives the most of the green time to the
heaviest traffic movement based on historical data. Some fixed-time systems
use different preset time intervals for the morning peak hour, evening peak
hour, and other busy periods. For this reason, such an approach cannot cope
with an unexpected change in traffic demand. To improve this, vehicle
actuated traffic signals are implemented. Conventional vehicle actuated
signals in principle work with green-demand and green-extension based on
vehicle detection, within pre-set limits, as long as the headways in the traffic
stream are short enough to be accurately measured. The cycle time is
variable, and adjacent signalized intersections can therefore only be
coordinated in special cases [2].
In Macedonia, signal control strategies are signal group based and they
operate under isolated and coordinated fixed time control. Exclusion is the
city of Skopje where the UTOPIA adaptive traffic signal control has been
implemented in order to reduce traffic congestion. Before UTOPIA was
implemented, the city of Skopje also used isolated and coordinated fixed
time control.
Adaptive control system UTOPIA
As mentioned, UTOPIA is an adaptive traffic control system designed to
optimize traffic flows and give selective priority to public transport without
sacrificing travel times for private traffic [2, 3]. UTOPIA is an innovation in
Urban Traffic Control (UTC) i.e. it is a hierarchical, adaptive, distributed
and open traffic control system [4]. Hierarchical means that it has goal
related coordination and includes cooperative control. Adaptive means that
the system monitors the traffic on-line and optimizes the signal plans to
ensure fast responses to changes in traffic demand. A distributed system
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comprises decomposition, looking ahead, strong interaction and looking for
terminal costs. The overall network optimization is decomposed into
problems of coordinated junctions solved by the intersection units (SPOT) in
collaboration with the central system. In Torino UTOPIA/SPOT has resulted
in reduced travel times of 2-7% for public transport (PT) vehicles and 10%
for cars [10]. Field tests of UTOPIA/SPOT in Skopje have shown 20% travel
time reduction in peak hours [11].
SIMULATION SETUP
For evaluation and comparison of the impact of fixed time and UTOPIA
adaptive signal control strategies in this research, the microscopic simulator
VISSIM was applied. VISSIM is a microscopic, time step and behavior
based simulation model developed to analyze the full range of functionally
classified roadways and public transportation operations [4, 9]. VISSIM can
model integrated roadway networks found in a typical corridor as well as
various modes consisting of general purpose traffic, buses, light rail, heavy
rail, trucks, pedestrians, and bicyclists. This section presents the simulation
framework for strategies evaluation, chosen urban network for testing and
simulation parameters.
Simulation framework
A. Fixed time control
The steps for developing the simulation model were the following: (i)
creation of the road network using background image with links and
connectors; (ii) definition of traffic compositions observed from the field;
(iii) definition of speed distributions; and (iv) definition of routing which
was done based on the observed travel pattern of vehicles entering and
leaving the study area. The real-time traffic volumes were obtained by
Traffic Management Control Centre (TMCC) in Skopje of every signalized
intersection. Traffic signal controls were defined in VISSIM using the
internal fixed time controller. Signal heads were placed in the model to
represent available stop lanes. Signal timings of fixed controllers have been
obtained from the detailed TMCC traffic design projects. Data collection
points were added to the simulation model to correspond with actual data
collection points in the real world urban network.
B. VISSIM-UTOPIA
The adaptive traffic signal control system UTOPIA and microscopic
simulator VISSIM were connected using the UTOPIA-VISSIM Adapter
(UVA). The UTOPIA system is used as” black box” control unit connected
to the traffic network simulated in VISSIM. The method used in this
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research was ”software-in-the-loop simulation environment”. More
information regarding the simulation framework and detailed description of
testing of the UTOPIA and VISSIM connection can be found in [5].
Chosen urban road network
In order to evaluate the impact of traffic signal control strategies, a
simulation model was created in VISSIM for the congested corridor of 7
signalized intersections in the wider center area of the City of Skopje,
Macedonia as illustrated in Fig. 1.

Fig. 1. Spatial configuration of the study area [5]
The traffic demand is higher in the morning peak hour (07:20-08:20) for
the chosen urban network because most of the trips are realized from the east
part of the city to the city center. Therefore, this peak hour is used for
evaluation in this paper. Total traffic flows in the morning peak hour for all
examined intersections respectively are presented in Table 1. The highest
traffic flows occur at the intersection I6.
Table 1. Total traffic flows at the analyzed intersections [5]
Intersection Total traffic flow (veh/h)
I1
3,614
I2
4,055
I3
1,913
I4
2,147
I5
3,907
I6
5,110
I7
1,477
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Simulation parameters
To create a realistic simulation model, traffic data were obtained from
loop detectors mounted in the study area as mentioned. All bus stops located
in the study area have been included in the VISSIM model also. Bus routes
of public transport are modeled using officially published timetables. In this
phase of research bicycle and pedestrian traffic is not analyzed. Five
simulations were performed for booth traffic signal control strategies and
average values were computed to obtain realistic results. The simulation time
covers the morning peak hour in a typical working day. A 900-second warmup period was used before data collection for analysis started. This warm-up
period is needed to fill the empty road network with vehicles and create a
realistic traffic situation for simulation testing.
RESULTS AND DISCUSSION
Obtained averaged simulations results for booth strategies are presented
in this section. Tables 2 and 3 contain the simulation results for MoEs
obtained from the evaluation of fixed time traffic signal strategy. Table 2
presents LoS, delay, average queue length, max queue length, number of
stops and the vehicle throughput obtained for every single intersection in the
study area. Additionally, Table 3 presents the travel time, delay, number of
stops, and number of vehicles obtained for the arterial section between
intersections I1 and I6.
Table 2. Obtained MoE for all intersections under fixed time traffic signal strategy
MoE
I1
I2
I3
I4
I5
I6
I7
D
C
B
A
D
LoS
E
E
54.11
27.77
18.64
55.68
7.50
53.75
Delay (s)
68.98
19.98
7.52
23.46
4.26
56.78
56.47
QLen (m)
75.01
QLenMax
510.1 161.33 83.65 127.91 77.17 242.08 240.59
(m)
0.92
0.64
0.56
0.96
0.30
1.34
Stops
1.46
Vehicle
3,314
1,485
1,727
3,303
997
throughput 2,830
4,587
(veh/h)
Table 3. Obtained MoE for arterial sections under fixed time traffic signal strategy
MoE
I1 → I6 (L = 1,080 m)
I6 → I1 (L = 679 m)
70.06
Travel Time (s)
442.80
22.87
Delay (s)
368.28
1.12
Stops
8.29
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As shown in Table 2, the majority of the intersections operate at an
acceptable LOS of B, C, or D during the morning peak hour. Only two
intersections (I4 and I6) operate at unacceptable LoS E during the peak hour.
A significant delay is occurring at intersections I4 and I6, the ones with the
worst LoS. Regarding other MoEs, the longest average queue length and the
maximal queue length is appearing at intersection I1. The worst number of
stops is appearing at intersection I6. The maximum number of vehicles
which can be discharged during the time appears at I6. From Table 3 one can
conclude that travel time, delay, and the number of stops is higher in
direction I1 → I6 during the morning peak hour.
Table 4. Obtained MoE for all intersections under UTOPIA
MoE
I1
I2
I3
I4
I5
I6
D
D
B
D
A
LoS
E
52.08
43.47
15.89
38.10
7.23
Delay (s)
65.21
39.92
6.58
17.70
3.76
43.87
QLen (m)
64.84
QLenMax
409.84 213.59 87.95 135.62 108.55 273.03
(m)
1.24
0.57
1.14
0.34
1.38
Stops
1.50
Vehicle
3,163
3,712
1,861
2,065
3,593
throughput
4,795
(veh/h)

I7
B
16.43
8.86
55.32
0.50
1,421

Table 5. Obtained results for arterial sections under UTOPIA
MoE
I1 → I6 (L = 1,080 m)
I6 → I1 (L = 679 m)
97.02
Travel Time (s)
366.72
50.04
Delay (s)
292.68
1.39
Stops
9.53

Tables 4 and 5 contain the simulation results for MoEs obtained from the
evaluation of UTOPIA adaptive traffic signal strategy. As shown in Table 4,
most of the intersections operate at an acceptable LoS of B, C, or D during
the morning peak hour. Only one intersection (I2) operate at unacceptable
LoS E during the peak hour. A significant delay is occurring at intersection
I6, the one with the worst LoS. Regarding other MoEs, the longest average
queue length and the maximal queue length is appearing at intersection I1.
The worst number of stops is appearing at intersection I1 also. The
maximum number of vehicles which can be discharged during the time
appears at intersection I6. From Table 5 one can conclude that travel time,
delay, and the number of stops is higher in direction I1 → I6 during the
morning peak hour.
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Adaptive traffic signal control strategy shows better results regarding
LoS, average queue length, maximal queue length, and vehicle throughput.
Only the number of stops increases under this type of control. From the
analysis of obtained results for arterial sections, adaptive control strategy
shows an overall decrease of travel time and delay. A small increase can be
noticed in the number of stops. Field tests show even better results because
in the congested period the traffic operator includes a preemption strategy
that was not investigated in this phase of research.
CONCLUSION AND FUTURE WORK
The results of the evaluation showed that the performance of the UTOPIA
adaptive traffic signal control provided better LoS, average queue length,
maximal queue length and vehicle throughput across the intersections versus
fixed time control. A small increase can be noticed in the number of stops
under adaptive control strategy. The overall travel time is decreased in the
examined arterial corridor showing the influence of adaptation to different
traffic demand regarding travel direction. Namely, UTOPIA decreases the
travel time in the congestion direction and at the same time the travel time in
the opposite direction increases. Thereby, the benefits gained in the
congested direction are larger than the drawback in the opposite direction.
In the recent decade, algorithms from the domain of artificial intelligence
are being used for traffic control. They have the ability to accumulate and
use knowledge, set a problem, learn, process, conclude, solve the problem
and exchange knowledge with other systems. Future work on this topic will
include comparison and testing of self-learning urban traffic control
strategies versus UTOPIA adaptive control.
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Abstract
Road safety mostly depends on the level of equipment in both civil
engineering and traffic aspect. The obsolete methods and standards of
equipment and the non-application of the experience measures of the
Western countries can also be cited as additional reasons for unreliable
roads. Considering the fact that the roads are supposed to provide for
maximal safety to the users, the equipment level has to be appropriate,
without any derogations due to physical, financial or any other reasons.
This paper will present part of the remarks identified by RSA in the
design documentation related tothe Drenovo-Gradsko road, and the methods
and technical measures necessary to overcome them.
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INTRODUCTION
The traffic design refers to a section of the A1 primary route located in
the central part of Republic of Macedonia. The route envisaged is the main
connection of the western part of Macedonia with corridor 10. More
precisely, this section is the shortest and the fastest connection between
Prilep and Corridor 10. The section commences immediately after
ainterchangeDrenovo and stretches over the Rosoman ring-road to end at the
interchange atGradsko, with the whole length of L=15.5km.
Although the section is relatively short, the connection it provides is of a
considerable importance for road network of the country, with a great
priority of its effectuation due to the relatively high traffic volume within the
designed exploitation period [1].

Fig.1.Section Prilep - Gradsko, Еxcerpt from official road map PESR-mk

BASIC DESIGN
The basic design of the section envisaged has been constructed on the
ground of the Concept design, which establishes the final center line of the
express road. The design brief defines the following elements of the crosssection of the road:
Vr=110 (100) km/h
Traffic lines
Stopping lanes
Border lanes

2х3.50
2х2.50
2х0.20
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7.00 m
5.00 m
0.40 m

Fig.2.Geometrical cross-section of expressway, Excerpt from Drawings

The traffic design has been elaborated depending of the newly designed
construction configuration of the expressway, from the established need of
the basic lane and the constructions alongside it [2].
The designing was carried out as in compliance with the valid standards
and Rulebooks of the Republic of Macedonia.
RSA, GENERAL
The main purpose in this stage of the RSA was to familiarize the designer
with the remarks and the suggestions incurred in the course of the
preparation of the design documents, thereby avoiding the problems and
shortcomings which would have an adverse road safety impact [4].
The performed RSA will create better conditions in the sense of:
- Reduction of the number of traffic accidents,
- Reduction of time and expenses,
- Reduction of pollution expenses .
REMARKS IDENTIFIED BY THE RSA
The effectuation of the RSA involved an analysis of the entire design
documentation (civil engineering and traffic design), whereby the problems
identified are explained in detail in separate chapters.
ROAD FUNCTIONALITY -SPEED MANAGEMENT
Speed management in this section is the key to the achievement of a high
safety level. A false speed limitation can result in an increase of the number
of traffic accidents (if the limitation is higher than the roads class) or result
in lack of confidence in the driver regarding the exposed speed limit signs (if
the speed limit is too low).
The speed limit is of 110 km/h on the main road can entail the following
security problems:
- Overspeeding,
- Establishment of a 2+2 driving system.
The physical separation of the two directions by a protective barrier or
limitation of the sector speed to 90 km/h [4] are possible solutions to deal
with this problem.
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1+1 CROSS-SECTION PROFILE WITH A WIDE STOPPING LANE
As in compliance with the BAST research, conducted in 2001, the
highest number of traffic accidents occur on a 1+1 cross-section profile with
a wide stopping lane. Such roads are often used by drivers as narrow fourlane sections. Besides the use of the road as a four-lane one, overspeeding
appears as a secondary problem especially in roads with a low traffic
volume. The traffic accidents are often very serious [5].

Fig.3. BAST Example of most dangerous cross section

The stopping lanes are good in case of some vehicle defect or of a traffic
accident where the vehicle is to be removed from the main lane to avoid yet
another accident. But if the stopping lane is wider and if vehicles can be
allowed to go along it, there is a situation of a road being used as a narrow
road with four lanes. There are two main types of traffic accidents that can
occur on a cross-section profile of this type:
- Head-on (a direct impact),
- Run-off-road.
Both types leave serious consequences, the front collisions happen between
vehicles coming from opposite directions, while off-road accidents occur
when the vehicle tries to avoid a collision or a stopping lane barrier.
An improvement recommendation is the use of a medium-belt 2+1 profile
between the two directions.
This profile type is beneficial both for road safety and capacity. The latter
is of 20,000 veh/day, while a traffic flow of 14,500 veh/day has been
envisaged for this section regarding the final year intended by the design.
In order to provide for quick traffic allowing for overtaking slower
vehicles, the 2+1 profile should be changed to 1+2 each 2–5 km. This should
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be carried out by additional signaling, informing the drivers about the point
secure for this change. It is recommendable to use both lanes in great ascents
and one upon falls.
The necessary road width for the 2+2 profile is of 13 m to 15.5 m. The
velocity at such road sections is limited to 100 or 120 km/h maximum,
depending on the measures taken for the separation. This profile is
considerably more secure than the 1+1 one with stopping lanes.
Two different approaches are recommendable as for the direction barrier:
- Swedish approach - the physical separation with center cable barrier,
- German approach–the separation is provided with wide road lines.

Fig.4.Typical 2+1 roadway in Sweden, RSA Drenovo - Gradsko

Fig.5.Typical 2+1 roadway in Germany, RSA Drenovo - Gradsko

It is recommendable to apply the Swedish approach with physical
separation for this road section, as a high level of driving culture and an
increase of fines is necessary for the application of the German approach.
Another possible method to deal with the problem is to use a 1+1 profile
with a narrow stopping lane, maximum 1.0m wide. The overall width of the
road will be 10 to 11 m.
The velocity limitation for this profile will be of 70 to 90 km/h.
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The narrow stopping lane would be sufficient for urgent stoppage of the
vehicles, to stabilize and return the vehicle to the main driving lane upon its
incidental slipping out of the pavement.
In the case of such a slipping it is recommended to apply profiled lines or
edge rumble strips warning the driver about the possibility to slip off the
pavement and help him correct the driving.

Fig.6.Example of edge rumble strips
Fig.7.Example of narrow hard shoulder
RSA Drenovo - Gradsko

ROAD EQUIPMENT AND PASSIVE PROTECTION ELEMENTS
General remarks on the protective barrier
The fact that the design documentation does not include details on the
existing and planned roadside vegetation is cited as a general remark on the
road equipment and on the elements of passive protection. If there are trees
within the zone closer than 10m, which is considered as secure for the
vehicles to stop upon a velocity of 110 km/h,this zone should be protected.
It is recommended that the protective barrier should be redesigned and, if
there is no national standard regulating this field, this should be done
according to the European EN 1317 standard.
Extension of the barrier
The minimal length of the barrier for the envisaged velocity of 110 km/h
on a carriageway upon two-direction traffic would be of 56 m.

Fig.8.Parameters for calculating the length of barrier, RSA Drenovo - Gradsko
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c1=c2= 12m – barrier end terminals,
b1= 16m for the speed over 80km/h
b2= b1 on single-lane carriageways with traffic in both directions
On certain points of the design it is necessary to connect the short section
of the protective system in order to obtain an entire protective section. A
barrier would not function if the elements used are shorter than necessary[7].

Fig.9.Too short guardrail system,
Fig.10.gap between guardrail
systemExcerpt from Drawings

If the space between two sections is less than 100m, the protective
barriers should be connected, except when it is necessary to separate them
because of an exit road, anintersection etc.
This would be a more secure and often a financially more plausible
solution than the construction of a protection of the two end terminals.
Unprotected areas
On locations with dangerous barriers as portal posts, overpass pillars,
lighting posts etc., positioned in the vicinity of the carriageway borders it is
necessary to provide for a protecting barrierin order to protect the vehicles.

Fig.11.Unprotected portal posts, RSA Drenovo - Gradsko
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Fig.12. Unprotected lighting posts
Fig.13.bridge abutment
Excerpt from Drawings

The anchorage of the fixed roadside barriers, as are walls or similar flatend constructions in the vehicle movement direction is carried out so as to be
gradually tighter until the barrier (the transition is achieved with harder
protective barriers).

Fig.14.Example of transition between concrete barrier and guardrail,
RSA Drenovo - Gradsko

End terminals
The boards of the elastic barrier end at an angle where there is no end
terminal. On the basis of a large number of impact tests and road accident
statistics it was concluded that such an inclined ending is insecure and
creates the danger for the vehicle to overturn upon a collision with them.
It is recommendable to include a final terminal, stretching in the direction of
vehicle movement, in the construction of the initial part of the protecting
barrier, as the final terminal has the quality of amortizing the vehicle impact.
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Fig.15.Example of end terminal, RSA Drenovo - Gradsko

Open window
The open window problem is an additional one, incurring on locations
where the transitional module between the concrete and the metal barrier has
been omitted. If the driver loses control and there is no protection on the
location to stop the vehicle, it can fall over on the secondary road and cause
a traffic accident with a fatal outcome.

Fig.16.Excerpt from Drawings – Open window

In order to close these shortcomings and protect the mistaken vehicles
before the underpass, it is recommendable to position the barrier at the
length of minb1+c1(28m) and connect it to the concrete barrier [7].
IMPLEMENTED OF THE ASCERTAINED OBSERVATIONS
The previous chapter analyzed part of the problems and the reasons for
the decrease of road safety. Specific security enhancing measures have been
taken as pursuant to the problems identified. Besides the basic
recommendations, the auditor suggests some additional alternative measures
which would either be in compliance with our rules or present a more costeffective solution.
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The designer reviewed all the recommended solutions and envisaged
improvement of design documentation on the locations where the
intervention is possible and allowed. Within the general problems of this
road section, the profile type and the envisaged sector velocity, the designer
has no chance to intervene as they are all identified in the design brief and in
conformity with the current rulebooks and standards.
CONCLUSION
The elaboration of the audit regarding road safety will increasingly
improve the traffic solution. The problems identified indicate considerable
shortcomings in the design of the new roads in Macedonia.
The very approach to the RSA also indicates the level of attention paid by
European and world institutions to each individual traffic participant.
The general conclusion that could be driven from this report is that it is
necessary to obligatorily and urgent change of our regulations. The changes
that should be incorporated should be based on the worldwide regulations
and experience. Within road regulations, it is recommendable to use the RSA
as a base accompanying documentation. This should be the case not only
with the roads benefitting from the EU funds but on all the state roads in
Macedonia.
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Abstract
Estimation of density in short time intervals is important in lots of traffic
modelling and control strategies of freeways and urban arterials. For more, the
possession of short time density values for particular parts of the freeway
segment, play an importation role on providing drivers with information about
events or traffic incidents.
As an important parameter, nevertheless is it
impossible to measure, density is required to be estimated on-line.
Relying on the close relationship of density and traffic flow described by
fundamental diagram, it is possible to estimate traffic densities only by having
flow measurements on the entry and exit sections of a freeways segment. In this
paper is given a discretized macroscopic model, called cell transmission model
(CTM) which is then enriched with a recursive technique known Kalman-Filter
(KF), for the purpose of the minimization of the error between the observed and
modeled flows, in order to increase the accuracy of the modeled traffic densities.
Keywords - cell transmission model; time step; Kalman Filter; density;
error covariance
INTRODUCTION
The Cell Transmission Model (CTM), which was originally obtained from
the second order model of a traffic flow, was firstly developed by Daganzo [1,
2]. Since then it is very popular among researches due to its simplicity (it
comprises a small number of traffic parameters) and its flexibility.

¹ original scientific paper
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As it was briefly described on the unit of discretized model, the CTM model
discretizes the LWR[3, 4] model in every time unit choosing a time step ∆t and
road segment choosing length unit-cells of length l where these two parameters
are chosen in order to fulfill the condition:
Where:
vf is the free-flow speed or the average speed that vehicles develop
during traveling under free flow conditions, and
Ts is the time step usually in seconds (T≈0.2-15 sec.)
Based on the CTM model, the number of vehicles in one cell is described
according to a vehicle-conservation equation (1).
(1)
Where:
is the number of vehicles in cell i at time step k+1
is the number of vehicles in cell i at time step k,
is the number of vehicles entering from cell i-1 to i during the time k and
k+1 and is the flow that is determined by comparing the sending and receiving
flow of cell i-1 and i, respectively. According to CTM-first part of the model
is assumed to be the smallest of three values listed below:
, the number of vehicles in cell i-1 at time k,
Qi, the capacity flow into i for time interval k,
Ni(k)-ni(k)
the amount of empty space in cell i at time k (this quantity
ensures that the vehicular density on every section of the road remains below
density).
As it seems from the above stated conditions, a cell can maximally receive a
number of vehicles, which their adding should not exceed the maximal number
of vehicles that can be present on it during time k, or a number of vehicles equal
to the capacity flow or the a number of vehicles that the empty space of cell can
accept during time k. Now equation for yi (k) takes the form as in (2):
(2)
MODEL OF A HIGHWAY SEGMENT
If we denote with ρi,(k) the density of a cell (uniform or non-uniform length),
instead of the number of vehicles ni on the a unit length cell, then we can bring
equation (1) to (3) for density
of the cell i updated time step in (k+1),
where Ts is the discrete time unit in seconds.
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)
(3)
Fromabove equation we see that beside from the value of the density from the
previous time step, density of a cell i also depends from the inter cell flows on
the previous time step. Analyzing a highway partitioned in three cells (for the
sake of simply illustration) with an on ramp and an off ramp, by assuming that
the belonging cells can be in the free flow either in congested mode the densities
on each cell can be written as in equations (4), (5) and (6).

Fig. 1. Presentation of highway partitioned in cells and inter cell flows between each
other

The densities on each cell are:
) or
)

(4)
) or

)

(5)
) or
)

(6)

With the elaboration of the inter-cell flow law can be defined the expressions
for the inter cell flows q1, q2 and q3in the above equations.
Before the inter cell flows elaboration is given, a reasonable description of
the congestion must be given further, since as we assumed above, the cells can
be in either free or congested mode. Congestion is defined as the state of the
traffic with high density rates, or with other words the density of that part of the
highway expressed in cell is equal or higher than the critical density based on the
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fundamental diagram of relationship of flow and density. Referred to the
mentioned diagram, can be noticed that the congested flow belongs to higher
values of the density, above the critical density values where the flow drops
down. That can be described with enormous number of vehicles travelling at low
speeds and with short distance spaces between each other.
The common modes, used in analysis of researchers are the fully congested
mode when the three cells are congested, denoted by CCC mode, and free flow
mode when the three cells are in free flow mode, denoted by FFF mode. The
other middle modes that are out of the scope of this paper are those with last one
and two cells in congested mode, written by FCC and FFC, respectively. To
emphasize the modes, the congested cells are highlighted further.
Now, for the FFF mode, the densities of the cells are lower than the critical
density and the inter cell flows are as follows:

(7)

=

(8)

=

In CCC mode, the densities of the cells are higher that the critical density,
and the inter cell flows are:
(9)
=
(10)
=
After subtracting the expressions for inter cell flows in the equations of
densities for the FFF mode, we have:
)
(11)
)
(12)
(13)
And after subtracting the expressions for inter cell flows in the equations of
densities for the CCCmode, we have:
)(14)
)
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(15)
(16)

KALMAN FILTER
Kalman filter-KF (Kalman, 1960; Welch and Bishop 2001) is a recursive data
processing algorithm that uses only the previous time-step’s prediction with the
current measurement in order to make an estimate for the current state [5]. This
means the KF does not require previous data to be stored or reprocessed with
new measurements.
The Kalman Filter consists of a set of mathematical equations that provides
an efficient recursive computation to estimate the state of a process by
minimizing the mean of the squared error. The KF estimates the value of the
variable x at any time (k+1), represented by a linear stochastic equation.
(17)
Where: A (k) is matrix which relates the state a time interval k with the state at
current time interval k+1. B (k) is matrix which relates the current state to the
control input .
The random variable w represents noise in modelling process. It is assumed to
be within normal probability distributions with zero mean and variance Q
(Gaussian) as:
The system measurement equation describes the relationship between system
states and measurements. Acknowledging that measurements inevitably contain
noise, the output equation is expressed as follows:
(18)
is the measurement variable (outflow of vehicles from cell 3measured by loop detector 2) H (k) is the output matrix, and v (k) is the
measurement noise variable. The errors in estimating a priori and a posteriori
states are defined as follows:
(19)
(20)
The a priori and a posteriori estimate covariance is given by:
(21)
(22)
The KF estimates a posteriori state of the process using a linear combination of a
priori state and a weighted difference between the actual measurement and the
model measurement of the state.
(23)
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(24)
Based on the above equations, the KF process can be divided in two steps ore
phases. The first step is the prediction step and the second step is the correction
step.
APLICATION OF KALMAN FILTER FOR DENSITY ESTIMATION
In this section are described in detail the applied matrices to the algorithm of the
CTM-KF model[6,7]. It is necessary to recall the equations state space of CTM
model first and then to do an interconnection of it with the KF algorithm
equations. Since in our model, we are estimating the traffic densities of the three
cells of the mentioned link, by the usage of the inputs values of the inflow q1,
outflow q4 and the flow from on ramp, then the state space vector of our KF
algorithm are the densities x=[x1,x2,x3]= [ρ1, ρ2, ρ3]T ,the input vector are
xu=[q1,0,q4]T and
xr=[qr,0,0]T
(25)

On this paper we are going to use the measurement of the outflow from
the cell three, that corresponds to the flow q4. Based on the fundamental
diagram we model the traffic flow measurement through the densities on
the last cell (
and the free flow speed on cell 3 vf3 we will
that is consistent with the equation (26)
have
(26)
(27)

Q -the model error covariance matrix which elements standard deviations
of the density variables. The off diagonal elements are equal to zero while
R is the measurement or output error covariance. In this seminar paper,
the matrices Q and R are assumed to be constant.
;

(28)
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A NUMERICAL EXAMPLE
For the purpose of the demonstration of the CTM model, in this paper is
performed a numerical example which is described below. For the sake of
simplicity, are chosen the approximately the same freeway segment partitioning
characteristics as that in earlier sections in order to do an interconnection with
the laid state space model of traffic density. The system of performance
measurements of the traffic road networks of the Californian state PeMs is used
for traffic collection data and is considered a freeway link for on the street
“Broadway Avenue”, Stockton/San Francisco. The freeway is consisted from
three cells with different lengths with one on-ramp on the first cell. (fig. 1 and 2)

Fig. 2. Freewasegment with three cells

PeMs offers traffic measurements as flow, occupancy, speed, etc. that are
collected by detectors every five minute intervals. The choice of the
measurements for the applied link is done based on the demands that derive
from the CTM model. Since we need to involve in the CTM model the free flow
speed vf, [km/h], maximal flow or capacity QM[veh/h], critical density
ρcr[veh/km] and jam density ρJ[veh/km], beside gathering the primary
measurements, we are also pushed to do an calibration of the fundamental
diagram to obtain the above mentioned measurements for every cell. In the
frame of the calibration procedure of this seminar paper, the first step is to
obtain the maximal amount of flow QM[veh/h], which provides the highest pint
on the fundamental diagram with flow-density relationship. By applying the law
of fundamental diagram for the relationship of the flow and density, we can
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obtain the value of the critical density by projecting the maximal point of the
flow QM, to the horizontal axe ‘x’, which from the following fig. we can see that
is equal to 59.9 (veh/km). Speed as important parameter of in the frame of
calibration, presents the slope of the line drowned to the scattered plots, By the
relationship for the flow and speed, Q=ρ·v, we can calculate the free flow speed
vfcorresponds to the critical density, as vf= QM/ρcr, which is equal to 86,2 (km/hr)
(29).
)

(29)

As an important part of the calibration is considered the estimation of the
characteristic parameters that belong to the right side of the diagram or the
congestion part, which are the jam density or the maximal density ρJ[veh/km]
and the backward speed w[km/hr](18)[8].
The jam density is determined by finding the outer point from the right side
among the scattered plotfrom which can be seen the value of the critical density
ρJ=248 (veh/km).
The backward speed provides the rate at which the flow decreases while the
density exceeds its critical value ρcr, which analogy as the free flow speed
presents the slope of the line to the set of points of the right side diagramcongestion flow part. It has been calculated by the formula:
(30)

228

Fig. 3. Diagram for flow-density relationship of entire segment and for each cell

RESUSLTS AND CONCLUSIONS
Evaluation of the density values of cell is performed with discrete time intervals
of Ts=10 seconds, where the initial values of the densities ρ0 = [ρ10, ρ20, ρ30 ]T
and estimated covariance matrix Po are assumed. Ts is chosen to be 10 second in
order to fill the conditions T<L/v f , for proper work with system matrices,
otherwise there will be obtained negative values of density parameters.
For the purpose of the results evaluation, measured traffic densities for five
minute intervals are used for comparison with the estimated densities with CTM
model. The performance of the model was quantified by calculating the Mean
Absolute Percentage Error (MAPE) given in (31).
(31)
Where,
and
are the estimated by model and measured values
th
of density of cell during the k discrete time interval and n is the number of
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observations. The MAPE results for CTM model for modes FFF -KF, for Cell 1,
Cell 2 and Cell3, 2 %, 0.6 % and 1 % respectively, and for CCC-KF, 14% on the
three cells. The results of the estimated values by CTM model against the

measured values of traffic density are also graphically presented on the
below figure (fig. 4).
The best results of the performance are obtained withCTM-FK(FFF).

Fig. 4. Graphic results densities of KF FFF and measurements for each cell
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Abstract
The article analyses the development of transport infrastructure and
suprastructure and of the transport network in the Republic of Slovenia and
in the Republic of Macedonia. The purpose of the article is to provide a
systemic recommendation for improvements to the transport policy of both
countries. It was determined that both countries are currently not investing
enough in the railway industry. Without planned investments, the flows of
goods will circumvent Slovenia, which could affect the development of
logistics in the future. The same applies to Macedonia, where investments
are also lacking. With the increased development of transport infrastructure,
international goods flows in a very important transit area of SE Europe will
be intensified.
Keywords - transport infrastructure; transport network; flows of goods;
comparative analysis; Macedonia; Slovenia

INTRODUCTION
Transport infrastructure is an important driver of regional development.
A well-performing transport network is essential for sustainable economic
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growth and for maintaining the economic balance of the area. Less
developed regions face economic development challenges that partly result
from inadequate transport systems and poor transport links to other regions
in the country concerned and to other regions in the EU [1]. The presence of
an adequate transport infrastructure and efficient transport links has a
significant impact on businesses. Shorter transport routes, faster transport
and increased traffic safety are some of the main advantages that result in
reduced total costs. That is why a well-performing transport infrastructure is
a prerequisite for choosing the location of a company's headquarters,
production plant or distribution centre.
The article analyses the development of transport infrastructure, main
suprastructure and of the transport network in the Republic of Slovenia and
in the Republic of Macedonia in different periods. The article also provides
detailed analyses of the road, railway, air and maritime transport networks.
The degree of motorization of the two countries concerned is presented
through the use of individual means of transport. The purpose of the article
is to provide a final recommendation for improvements at the level of the
transport policy of the Republic of Slovenia and the Republic of Macedonia,
as well as to identify possible synergies between the countries at the level of
the transport system.
The second chapter presents the research methodology used. The third
chapter presents an analysis of the dynamics of goods flows between
Slovenia and Macedonia. The fourth chapter consists in a comparative
analysis of the dynamics of the development of transport infrastructure,
important suprastructure and of the transport network in Slovenia and
Macedonia, per each year. The closing part of the article provides a final
recommendation for a sustainable development of transport infrastructure
and suprastructure in Slovenia and in Macedonia.
METHODOLOGY
An analysis of the development of the transport infrastructure and
suprastructure in Slovenia and in Macedonia was carried out using the
method of analysis and synthesis. A comparison of the development of
transport infrastructure and suprastructure in Slovenia and Macedonia was
carried out using the comparative method. The article was written as part of
the project "Model of transport policy in the function of sustainable
development of the Republic of Slovenia and the Republic of Macedonia".
TRADE OF GOODS BETWEEN THE REPUBLIC OF SLOVENIA AND
THE REPUBLIC OF MACEDONIA
The data pertaining to the trade of goods inside a particular country,
especially that of small and open economies, are some of the most important
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indicators of a country’s economic performance and the intensity of goods
flows within each country. These data serve as support in managing the
national and European economic and monetary policy, facilitate the
implementation of trade policy and trade negotiations, form the basis for
market, sectoral and other analyses in companies, and are also a source of
data for other areas of statistics, such as balance of payments and national
accounts [2]. Trade in goods also has a major impact on logistics. Indeed, it is
the development of the goods trade that generates the development of overall
logistics, both in a narrow sense and in a broader sense. In a broader sense, it
affects the development of transport connections and of the transport
infrastructure of each country, and in the narrow sense it directly affects a
company's logistics system. At the level of the logistics system of a company,
the trade in goods has the biggest impact on transport and warehousing costs.
In any case, trade indicators should be analysed for a longer period of time,
such as ten years, at the very least.
Table 1 shows the trade of goods between Slovenia and Macedonia for the
period from 2011 to 2017. The data support the conclusion that goods are
mainly exported from Slovenia to Macedonia, while a smaller number of
goods are imported. In addition to that, we are noticing a trend of declining
trade balance. The total trade of goods has been slowly increasing over the
years, especially if we look at the 2016 data on the trade of goods with other
former Yugoslavian countries: Serbia 1,246,987.00 (in EUR 1,000) and
Croatia 3,582,970.00 (in EUR 1,000) [3]. From this point of view, there is
definitely the possibility of increasing trade between the two countries in the
future, thus achieving greater cooperation.
Table 1. Trade of goods between Slovenia and Macedonia
from 2011 to 2017 (in EUR 1,000)
Year

Exports

Imports

Total

Balance

2011

152,813

39,913

192,726

112,900

2012

155,068

35,138

190,206

119,930

2013

168,178

50,708

218,886

117,470

2014

166,186

58,585

224,771

107,601

2015

161,939

74,140

236,079

87,799

2016

175,565

86,272
Source: [3].

261,837

89,293
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COMPARATIVE ANALYSIS OF TRANSPORT INFRASTRUCTURE
DEVELOPMENT IN THE REPUBLIC OF SLOVENIA AND IN THE
REPUBLIC OF MACEDONIA
Table 2 shows that the motorway network in Slovenia has experienced
significant growth from 1990 to 2015. In 1990, there were 228 km of roads.
This number has risen dramatically since then and there are currently 773 km
of roads in Slovenia. A similar trend of growth can be detected in Macedonia,
where the motorway network has increased in size by a factor of three,
compared to 1990. A comparison between the length of the motorway
network in Slovenia and in Macedonia per 1000 km² nevertheless reveals
opportunities for further expansion of motorways in Macedonia in the future.
Table 2. Length of the motorway network in km from 1990 to 2015
Length of the
Year
Country:
motorway network per
1990 1995 2000 2005 2010 2014 2015 1,000 km² area in 2015
Slovenia

228

293

427

Macedonia

83

-

-

569

771

770

773

38.13

216 251 259
Source: [4].

259

10.22

Table 3 shows the length of the railway network in km from 1990 to 2015,
which has experienced negligible growth in Slovenia since 1990, and even a
minor decline in 2014. There was little investment in the expansion of the
railway network in Macedonia over the same period, as no significant growth
can be observed. A comparison between the countries in terms of the length
of the railway network per 1,000 km² reveals that the railway network in
Slovenia is more developed. This is probably due to the importance of the
railway connection in Slovenia to the port of Koper.
Table 3. Length of the railway network in km from 1990 to 2015
Length of the railway
Year
Country
network per 1,000
1990 1995 2000 2005 2010 2014 2015
km² area in 2015
Slovenia
Macedonia

1,196 1,201 1,201 1,228 1,228 1,208 1,209
696

699

699

699 699 699
Source: [4].

699

59.64
27.59

The number of airports in relation to the number of passengers carried in
2015 is shown in Table 4. Slovenia only has one airport, which carries
between 1 and 5 million passengers in a year. Slovenia is ranked among the
countries with a low intensity of passenger transport in air transport. The
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same applies to Macedonia, which is why boosting passenger air transport is
an important challenge for the future for both countries.

Country

Table 4. The number of airports in relation to the number of
passengers carried in 2015
more
from 0.5
from
from 5 to from 1 to 5
than 10
to 1
100,000 to
10 million
million
million
million
500,000

Slovenia

0

0

Macedonia

0

0

1
1
Source: [4].

Total

0

0

1

0

0

1

Considering the size of the Slovenian coast, Slovenia has a negligible
number of ports (Table 5). The most important Slovenian port is Luka Koper,
which ranks 22nd in Europe in terms of container traffic. In 2005, Luka
Koper reached a total of 210,300 TEUs, which grew to 802,700 TEUs in
2010 (EU, Transport and Figures, 2017). The ports in Macedonia are tied
exclusively to Lake Ohrid, with an emphasis on passenger traffic.
Table 5. The number of ports (sea and river)
Country
Slovenia

Number
3

Macedonia
3
Source: [5].

An important indicator of the mobility of the population is the number of
passenger cars per 1000 inhabitants (Table 6). There is a growing trend that
places Slovenia among the countries with a high degree of motorization. In
Macedonia, the population’s degree of motorization is lower, which is a
positive thing, at least from an environmental point of view.
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Table 6. Number of passenger cars per 1000 inhabitants
Year

Country
1990
Slovenia
Macedonia

1995

294

357

0

145

2000
435

2005

2010

2014

2015

479

518

518

523

148
124
Source: [4].

151

180

185

Table 7 shows the stock of registered vehicles, buses and goods vehicles
in Slovenia and Macedonia by years (in 1000). In 1990, there were 587,000
registered passenger cars in Slovenia and 1,079,000 in 2015. The trend of
growth can also be observed in vehicles used for the transport of goods
(308,000 vehicles in 1990 vs. 913,000 vehicles in 2015). The number of
buses has declined, which is probably the result of the growth in the number
of passenger cars and the consequent increased motorization of the
population. In Macedonia, there were 286,000 registered passenger cars in
1995, compared to 384,000 passenger cars in 2015. The number of vehicles
for the transport of goods in Macedonia has also experienced a growth (there
were 22,600 vehicles in 1995 and 38,700 in 2015), but to a lesser extent than
in Slovenia. Unlike Slovenia, the number of buses in Macedonia has
increased over the years.
Table 7. Stock of registered vehicles, buses and goods vehicles in Slovenia and
Macedonia by years (in 1000)
Year
Means of Country
1990
1995 2000 2005 2010 2014 2015
transport
Slovenia
587
711
866
960 1,062 1,068 1,079
Passenger
Macedonia
cars
0
286
300
253
310
371
384
Slovenia
3.1
2.5
2.3
2.3
2.4
2.6
2.6
Buses &
Coaches Macedonia
2.3
2.5
2.5
2.3
2.7
3.2
3.2
Slovenia
30.8
42.9 54.3 66.4 84.1
87.3
91.3
Goods
vehicles Macedonia
0
22.6 24.6 18.0 33.3
37.4
38.7
Source: [4].

Table 8 shows the number of passenger (civil) aircraft in use in 2016. The
numbers show that aircraft that have a relatively small number of passenger
seats are predominant in Slovenia, which is expected, given the size of
Slovenia's main airport, the Ljubljana Jože Pučnik Airport, which accounts
for 97% of the total air traffic in Slovenia. The airport operates scheduled
passenger and charter services to various cities in Europe and in the Middle
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East, which is why there is no real need for aircraft with a higher seating
capacity. Macedonia does not have a national carrier and therefore a
comparison between the countries is not possible.
Table 8. Number of civil aircraft in service in 2016
50 seats or
fewer

from 51 to
150 seats

from 151 to
250 seats

more than
251 seats

Total

Slovenia

8

13

0

0

21

Macedonia

0

0

0

0

0

Country

Source: [4].

The stock of locomotives began to decrease in Slovenia in 2000 (Table 9).
Growth resumed in 2010. New investments in rail transport vehicles are
expected in 2018, which will increase and improve the rolling stock of the
Slovenian Railways (http://www.slo-zeleznice.si/sl/). In Macedonia, the stock
of locomotives began to decrease from 1990, which corresponds with the
orientation towards road transport (shown in the following Table 10).
Table 9. Locomotives and railcars – stock of vehicles
Year

Country
1990

2000

2005

2010

2014

2015

Slovenia

358

300

261

267

405

401

Macedonia

92

101

63

53

53

73
Source: [4].

In Slovenia, the use ratio of each mode of freight transport in tkm was
65% for road transport and 35% for rail transport in 2015 (Table 10).
Compared to Macedonia, the share of goods transported by road is smaller in
Slovenia, which is a good thing in terms of the impact on the environment, as
well as less costly. In the future, we can expect a further reduction in road
freight traffic, in light of the planned construction of the second track of the
Divača–Koper railway line. The situation is reversed in Macedonia, where
high numbers of goods are transported by road. In order to promote a
sustainable development of the transport system, more freight transport
should be directed towards the railways.
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Table 10. Modal Split of Freight Transport on Land 2015 in tkm
Country

Road

Railway

Inland
waterways

Pipelines

Slovenia

65.00

35.00

-

-

Macedonia

95.90

-

-

4.10
Source: [4].

The total transport of goods by road in domestic and international traffic
has seen a sharp increase in Slovenia (Table 11). A comparison between 2015
and 1995 shows a 542% growth, which is attributable both to the growth in
the number of freight transport vehicles and to the development of the
motorway network in Slovenia. Macedonia has seen a comparatively smaller
growth, but this is attributable to Slovenia’s role as a transit country, with
many flows of goods passing through it. The continuous development of the
port of Luka Koper is also largely responsible for this growth.
Table 11. Road – National & international haulage by
vehicles registered (billion tkm)
Year

Country
1990

1995

2000

2005

2010

2014

2015

Slovenia

-

3.30

5.30

11.00

15.90

16.30

17.90

Macedonia

-

0

4.2

7.4

6.8

0
5.6
Source: [4].

Table 12 shows that the volume of goods transported in Slovenia by
railway in domestic and international traffic fluctuated between 1990 and
2015. In 2015, Macedonia experienced a minor decline.
Table 12. Railways – National & international haulage by
vehicles registered (billion tkm)
Year

Country
1990
Slovenia
Macedonia

1995

4.20

3.10

0

0

2000
2.90

2005

2010

2014

2015

3.20

3.40

4.10

4.20

0.5
0.5
Source: [4].

0.5

0.4

0.3

Table 13 shows that 86.1% of the population of Slovenia use passenger
cars; 11.8% of the population take the bus and only 2.1% of the population
use the railway to travel. Data show that the situation in Macedonia is similar
to that of Slovenia.
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Table 13. Modal Split of Passenger Transport on Land 2015 (pkm as %)
Passenger
cars

Bus

Railway

Tram and
metro

Slovenia

86.10

11.80

2.10

-

Macedonia

83.10

2.10

-

Country

14.80
Source: [4].

In line with the growth in the number of passenger cars in Slovenia and
Macedonia (see Table 7), the number of passenger-kilometres (pkm) driven
with passenger cars is shown in Table 14 below. Growth has started in
Slovenia since the beginning of the measurement, that is, since 1995. In
Macedonia, the use of passenger cars is less pronounced, but growth was also
recorded. The decrease in passenger-kilometres travelled in Slovenia can be
observed for buses, unlike Macedonia, where this number has become more
stable over the years. The decline in passenger traffic in Slovenia is most
evident in the use of the railway network. Passenger traffic has decreased
from 1.4 billion pkm in 1990 to only 0.6 billion pkm in 2015. In Macedonia,
0.6 billion pkm were travelled in 1995, compared to only 0.2 billion pkm in
2015. The use of the passenger railway network thus presents one of the main
challenges for the future transport policy for both analysed countries.
Table 14. Passenger cars, Buses and Railways in Slovenia and
Macedonia (billion pkm)
Year
Means of Country
1990
1995
2000
2005
2010
2014
transport
13.3
16.3
20.3
22.5
25.6
25.6
Passenger Slovenia
cars
Macedonia
0
0
4.8
4.0
4.7
6.8
Buses &
Coaches
Railways

2015
26

Slovenia

6.5

4.1

3.5

3.1

3.2

3.4

7.0
3.6

Macedonia

0
1.4

0.9
0.6

0.9
0.7

1.1
0.7

1.4
0.7

1.2
0.6

1.2
0.6

0.1

0.2

0.1

0.2

Slovenia
Macedonia

0

0.1
0.1
Source: [4].

DISCUSSION AND CONCLUSIONS
Slovenia has a well-developed road network. The degree of motorization
of the Slovenian population is high, which raises concerns from the
environmental standpoint. What is needed is a systemic solution, capable of
increasing the mobility of the population, without increasing pollution.
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Strengthening the role of the passenger railway network is one such solution,
but the use of the railway has been on the decline over the years. The
Slovenian Railways are currently in the process of acquiring ten 3kV dc
three-car double-deck electric-motor sets, ten four-car single-deck multisystem electro-motor sets and five single-deck diesel-electric motor sets [5],
which will improve passenger comfort and lead to increased demand for the
use of the railway network. Further development of the railway network is
also needed, since only 13 km have been added to the length of the network
from 1995 to 2015 and its overall development is lagging behind the
development of the road network.
Taking into account Slovenia’s good geo-strategic position and the growth
of air transport, a sensible step would be to boost passenger traffic through
the Jože Pučnik Airport in Ljubljana and the Edvard Rusjan Airport in
Maribor, which holds significant untapped potential.
The final analysis of the transport system in Macedonia also indicates
some clear opportunities for improvements, especially with increased
investment in the development of the railway infrastructure. Much like in
Slovenia, the development of the railway industry has stalled. This is all the
more obvious in Macedonia, since its share of goods in tonne-kilometres
transported by rail in 2015 amounted to only 4.1%. Improvements are also
linked to the further expansion of the motorway network and the resulting
increased mobility of the population. Like Slovenia, Macedonia is also
ranked among the countries with a low intensity of passenger transport in air
transport, which is why boosting passenger air transport is an important
challenge for the future of the country.
The purpose of the article is to provide a recommendation for
improvements to the transport policy of the Republic of Slovenia and the
Republic of Macedonia, as well as to identify possible synergies between the
countries. The future of both countries involves major investments in
transport infrastructure and suprastructure. In Slovenia, the focus will be on
investments in the development of the railway network and on the expansion
of the infrastructure surrounding the port of Luka Koper. Without planned
investments, the flows of goods will circumvent Slovenia, which could affect
both jobs and the development of logistics in the future. The same applies to
Macedonia, where investments are also lacking. With the increased
development of transport infrastructure, international goods flows in a very
important transit area of SE Europe will be intensified.
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Abstract
Global trends such as urbanization, urban sprawl, traffic congestion,
transport-related pollutions, safety and security issues, and climate change,
make it necessary to adapt and improve the entire urban transport system.
Therefore, it has become obvious that one of the appropriate ways of dealing
with mentioned urban issues is the shift from automobile trips to other
transportation forms called active transport, (walking and cycling).
Cycling is a mode of transport which has had an important role in the
"Mobilise Your City" concept, focused on offering an attractive and
complementary alternative to individual motorized transport. The value of
such an approach, depends, among other things, on the sustainable urban
infrastructure.
Encouraging more people to cycle is one of the main goals of the "Skopje
Velo-city 2017" project. Additionally, the improvements of the cycling
infrastructure is a vital part of strategies, pathways and measures directed
towards switching to more sustainable transport modes.
Keywords – mobilizing of city; active transport mode; cycling
infrastructure; Skopje Velo-city 2017 project
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INTRODUCTION
As a sustainable mode of transport, cycling has the potential to improve
the lives and livelihoods of people within the cities. Therefore, in order to
realize daily activities in urban environments, many local authorities are
stimulating the use of bicycles. The reasons for this are based on their
conviction that cycling is one of the ways for successfully confronting and
solving major problems of everyday living in cities: traffic congestion, noisy
streets, poor air quality, transport related accidents, economic inefficiency.
On the other hand, it is obvious that today's cities need to be fit for cycling.
Therefore, the requirements of cycling should be adapted in specific urban
context in order to make riding of bicycle physically possible, safe,attractive.
The subject of analysis in this paper is the role of cycling infrastructure
within the so called "Mobilise Your City" concept, and the main challenges
with which local representatives are faced, especially when it comes to
required characteristics of the infrastructure and street design.
The main goal is to present the way of solving the challenges and the
used measures for making cycling be able to compete against cars, with
special emphasis on the approach applied in Skopje, as capital of Macedonia.
"MOBILISЕ YOUR CITY" - WHAT DOES IT MEAN?
"Mobilise Your City" is a term which is used in professional world in
order to express the activities oriented towards people–centred and improved
urban mobility by using measures which will result in the creation of more
inclusive, liveable and efficient city.
As everyone well knows, cities of today are facing the challenge of
creating infrastructure and services that allow people and goods to move
safely, swiftly and sustainably. Adittionally, changing the mobility habits
and values of those living within the city as well as those commuting is
increasingly important. But, using of greener technology alone is not the best
solution. It means that there is a need for making non – car modes of
transport to be more attractive and adapted to consumer demands.
"Mobilise Your City" is the concept which is undertaken within the frame
of sustainable mobility. Therefore, the opinion of the authors of this paper is,
that similar to the newest approach towards sustainable development, as well
as sustainable mobility, which includes the so called "5Ps"(People, Planet,
Prosperity, Peace and Partnership), the activities of the mentioned mobility,
(mobilizing of cities), are within the framework which it is based on,(Fig.1.):
People, especially when it comes to global demographic growth and
lifestyle changes as the essential influence factor in the process of creating
the challenges regarding urban sustainability. Planet, which means the need
for security of people and planet, (capacity of cities to protect the
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environment, provide healthy housing, ensure food availability, tackling
climate change, governance for sustainable societies). Prosperity, considered
as the positive effect of economic growth and urbanizing of a range of
economic activities, (inclusive and sustainable growth, increase in jobs,
industrial and social activities, personal income). Peace, as a complex twoway relationship with urban mobility, which implies: safe, clean and
productive environment which leads to peaceful and inclusive cities, while
democratic societies, human security, rule of law, respect of human rights
contribute to peace. Partnership, as multi-stakeholder activities that can
contribute to mobilizing the cities in order to ensure implementation of
various forms of measures, such as: sharing lessons learned, progress made
and best practices.
Having in mind the above mentioned, it can be concluded that the applied
concept for mobilizing the cities is based on choices reflecting local
priorities. It means that for each city it is very important to have an informed
and well researched descriptions of what sustainable mobility should look
like, and what is required to implement it.

Fig.1. Five "5P's" activities; Source: Prepared by the authors

URBAN TRANSPORT INFRASTRUCTURE – A MODE SHIFT
FROM CAR USE TO ACTIVE TRANSPORT
The analysis of the necessary preconditions towards mobilizing of cities,
indicated that the transport network is the base of this concept. It means that
smart design and user demands – focused management are essential to
providing a transport infrastructure system which supports/mitigates many
economic and societal benefits/shortcomings of urban living. In addition,
according to the latest global documents, transport infrastructure and its
primary function, (enabling services), is on the first place of the so called
"5Is" sustainable transport objectives. In short, organization of life in cities
(regarding transport infrastructure), should be able to meet the requirements
of every transport user, in the best way. Bearing in mind the four required
attributes of sustainable mobility, (equitability, efficiency, safety and
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climate responsibility3), it is obvious that infrastructure should provide:
equitable accessibility to travel needs of different users,(equitability);
delivery of efficiency throughout the design, build and operations; safe
transport according to international global targets,(safety); changing from an
automobile – dependent system to one that supports more sustainable modes
of transport,(climate responsibility).
The above mentioned sustainable mobility characteristics could be
provided by using the so called active transport. Namely, various non –
motorised modes of transport which involve human activity, (particularly
walking and cycling), collectively known as active transport, have
significant economic, environmental and health benefits. It means that they
are relatively inexpensive modes of transport which reduce the use of fossil
fuels and also have positive effects on health for the individual as well as the
wider community. They are very important for expanding the use of public
transport and in that way, reducing traffic congestion. (i.e. public transport
trips include cycling or walking as part of the whole journey).
According to the results presented in relevant literature, regarding the
daily trips in most cities, about 10% of all journeys by car involve distances
lower than one kilometre, while 50% are shorter than 5 kilometres4. It is
obvious that the mentioned journeys could be a part of active transport.
However, there is a need for investments in urbanistic adjustments in order
to ensure benefits of active transport through the cities. But, these additional
costs compared with the investments for repairing and upgrading of existing
transport infrastructure, are still quite low5. Additionally, improvements in
active transport infrastructure can decrease the use of motorized transport,
and in that way, increase the overall lifetime of car traffic infrastructure, as
well as decrease the negative effects on the environment.
CYCLING AS AN ACTIVE TRANSPORT MODE
The results of a review of relevant literature and global documents, show
that there are many barriers to cycling as an active mode of transport. These
issues can be classified as: infrastructure issues which in most cases
originate from lanes and paths that are shared by cyclists and motorists;
traffic safety issues, (perceived – feeling of being unsafe; real safety –
measurable by the amount of bicycle crashes and incidents occurred);
attitudes of people which will determine the use of cycling.
Therefore, it can be concluded that there is a need for so called systematic
approach for the development of cycling. It implies the use of integrated
infrastructure policy, in order to: create a coherent and well-organized
network of attractive bicycle routes adapted to cyclists' needs; give priority
to bicycle-friendly infrastructure; redesign or design of streets and roads
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according to each specific situation; be innovative, (open to new concepts);
make partnerships with local authorities, companies, neighbouring
municipalities, public transport providers, non-government organizations;
develop public awareness campaigns and education aimed at specific target
groups.
BASIC PRINCIPLES FOR CYCLING INFRASTRUCTURE DESIGN
Considering the relevant sources, these are the core principles which are
related to the cycle infrastructure design:
 convenience: the major reason for the difficulties regarding the
competition between active transport and motorized traffic is based on
insufficient convenience. Namely, connectivity and density determine trip
distances, and in that way, they are basic elements of convenience.
Therefore, good networks should serve all the main destinations, facilities
should offer more direct, convenient routes, allow shorter, more bikeable
trips and reduced delay. On the other hand, disconnected land – use and
street layout patterns, as well as, routes that are occupied by street furniture
and pavement parking, crossings which produce big delays, force potential
cyclists to travel much farther than they would otherwise have to;
 accessibility is a necessity for cyclists to reach their destinations. It is
linked with mobility, since it refers to the connections between origin and
destination, and, (which is also very important), includes public transport
access points. Accessibility also means meeting the requirements of equity,
in other words, the ability to provide population segments who face various
disabilities, with the same opportunities for realizing trips as other people;
 safety: quality of the whole transport infrastructure is very important to
ensure safety for the users. The aim is to find the measures which will reduce
risk, and also increase the feeling of safety. Namely, the perception of risk
can be different from the actual risk. Therefore, increased knowledge about
factors which produce the subjective feeling of risk, can be very useful. This
is about reducing traffic volumes and speeds, providing opportunities for
various types of traffic management in order to minimize the conflicting
movements, and create conditions for safe cycle parking;
 comfort poses the question whether good design of bicycle infrastructure
will encourage more people to cycle. It refers to the user perception of
meeting the design standards, as well as the surface conditions. The
objective of delivering comfort highlights its effects on vulnerable users and
reconciles the needs of various transport users;
 attractiveness refers to the integration of infrastructure with the
surroundings, primarily in relation to aesthetics, quality design, noise
reduction, lower pollution levels.
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Additionally, there are very important elements, (so called "5E's"), whose
implementation will facilitate the realization of the above mentioned five
principles6:
 Engineering, refers to the scientific and professional knowledge
according to planning, designing, constructing and maintenance of bikeway
facilities;
 Education, (teaching and training programs), in order to develop
knowledge, behaviours and skills which are necessary to effectively
incorporate the education dimension within cycling;
 Encouragement for the use of cycling as a transport mode, through
various types of promotion;
 Enforcement, as another vital element, which can also be considered as
an education process in itself. It refers to the traffic rules which incorporate
practices, discovered through experience, in order to facilitate safe and
efficient travel;
 Evaluation, which can have multiple aims or purposes oriented towards
intended outcomes of policies, programs, and facilities.
In addition to respecting the basic principles for infrastructure design,
knowledge about the hierarchy of provision is very useful for improvements.
(Table 16)
Table 1. Hierarchyof provision,
Source: www.gov.uk/gov/...data/.../ltn-2-08_Cycle_infrastructure_design.pdf
BICYCLE FACILITY TYPES

There are many definitions related to bicycle facility. But, simple and
comprehensive definition is as follows: "improvements and provisions to
accommodate or encourage bicycling", which means that "any roadway not
specifically prohibited to cycling is a bicycle facility"7
Generally speaking, the most commonly used facility types for cycling7,
are: various bicycle lanes, sidepaths, cycle track, multi-use trail, bicycle
detections at intersections, wayfinding signs and pavement markings,
bikeparking. Therefore, it can be said, that different types of cycling
facilities are the result of: function of a route, (main cycling route or local
route, closely linked to the road's function); location,(outside – conflict
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avoidance through separation between bicycles and motorized traffic or
inside the built area –mixed where possible and separated where necessary);
overall traffic situation, (motorized traffic flows characteristics,
performance indicators, geometric profile elements).
CYCLING CITY DEVELOPMENT – "SKOPJE VELO-CITY 2017"
PROJECT
Skopje is the capital and largest city in Republic of Macedonia. It is a hub
of government, commerce and transportation. But, it also implies
responsibilities for local authority to understand and to improve living
standards. Namely, everyday living, particularly when it comes to transport,
is characterized by a high level of motorized traffic, (almost 90% of the
citizens own a car8), frequent traffic congestion along the streets,
unsustainable urban transport systems. Therefore, in order to take significant
steps towards improving urban mobility, (as an effective solution for coping
with growing populations and urbanization trends), the city of Skopje has
participated in numerous international projects.
"Skopje – Velo-city 2017" is the project oriented towards reducing
congestion by promoting bicycles as alternative means of transport.
Figure 2. presents the cycling network within Skopje, proposed at the
begining of the project. It consists of existing routes with traffic signalization
which shoul be reconstructed, (highlighted in green), routes without traffic
signalization which should be reconstructed – in red, as well as lanes for
shared use between bicycles and pedestrians, which should be reconstructed,
(in blue).
The present situation according the reconstructed cycling routes, (dark
blue), reconstructed routes for bicycles and pedestrians, (light brown color)
those which should be reconstructed, (in green, dark brown and light blue),
and in silver colour, are bicycle lanes, (Fig.3).
On the base of the project analysis, it cone be concluded that some
elements of systematic approach for cycling development, (listed above),
were applied. It means:
 forming of a coordination body for improvements according to the
cycling infrastructure within the city;
 creation of action plan for development of existing and new cycle paths;
 rulebook for design and construction of cycling infrastructure, submitted
to the Ministry of Transport and Communications;
 project for marking bicycle routes with traffic signs, submitted to and
approved by the Ministry of Internal Affairs;
 determining of four main cycling routes, three in the direction east –
west, and one in the direction north - south and 7 connectors, five that extend
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in the direction north – south, two that extend in the direction east – west.
(Fig.2, and Fig.3);
 construction of bicycle path along the river Vardar,(21 km long and 4m
wide),( Fig.4);
 reconstruction of 51 km bicycle paths along the primary road network,
(narrowing of traffic lanes along boulevard St.Kliment Ohridski, and
transforming of traffic lanes into bicycle lanes – Todor Aleksandrov street)
(Fig.5 and Fig.6);
 determination of parking and rent points for bicycles – Fig.7, Fig.8;
 protection of the bicycle lanes, Fig.9;
 traffic light signal placed on a bicycle lane, (Fig.10);
 consideration the possibility of opening points for setting electric
chargers;
 examining the possibility of establishing a cycling station within the
transport center in Skopje, as an office room for renting, parking and
servicing bicycles;
 creation of a working group to promote cycling infrastructure;
 cooperation between associations of citizens and non governmental
organizations, ("On bicycle", ""Velo Evropa", "Prv do vrv", "Eko svest",
"Pakomak");

Fig.2. Proposed cycling network
Source: City of Skopje

Fig.3. Present situation with cycling network
Source: City of Skopje

Fig.4. Cycling path along Vardar river
Source: City of Skopje
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Fig.5. Narrowing of traffic lanes
Source: City of Skopje

Fig.6. Transforming of traffic lanes
Source: City of Skopje

Fig.8. Bicycle rent point
Source: City of Skopje

Fig.7. Parking space for bicycles
Source: City of Skopje

Fig.9. Protection of the bicycle lanes
Source: City of Skopje

Fig.10. Traffic light signals placed on a bicycle lane, Source: City of Skopje

CONCLUSIONS
Aligning transport infrastructure with the city's goal to become more
inclusive, livable and efficient, is one of the key factors that leads to the
advanced, so called "Mobilizing Your City" concept. It implies that cycling
as an active transport mode, results in increased capacity and reduced
congestion along the transport network, reduced environmental impacts,
improved public health and social cohesion.
The integration of cycling infrastructure in urban environment involves
individual site – specific solutions. But, there are some basic principles that
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need to be satisfied. On the other hand, respecting the hierarchy of provision
is very useful for any existing infrastructure improvements.
Creating the infrastructure and services according to people's
requirements for moving safely, swiftly and sustainably is extremly
challenging. The reasons for this are based on the fact that many possible
solutions have complex interdependences and effects. Therefore, the city of
Skopje participates in numerous international projects in order to get first –
hand experience in developing urban sustainable mobility.
Bearing in mind the poor mobility data in Skopje, the project titled as
"Skopje Velo-city 2017", was oriented towards promotion of the bicycle as
active and sustainable transport mode. Additionally, respecting the fact that
every street is different and will require varying levels of teatment, bicycle
infrastructure improvement, (rebuilding, signalization and protection of
bicycle lanes, determining bicycle rent points, as well as parking spots for
bicycles), are realized.
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Abstract
This paper includes general analysis of traffic flow characteristics on
primary state road network in Republic of Serbia for the 1990 – 2015 period.
Categorization of Republic of Serbia rural state road network includes four
types of roads (IA, IB, IIA and IIB), from which the focus in this paper is on
primary road network (first two categories of roads). The analysis is based
on network subdivision in three functional entities and collected data on
values of basic parameters as Average Annual Daily Traffic (AADT) and
Vehicle Kilometers. Transportation demand changes on motorway road
sections in Republic of Serbia, where long distance traffic flows are present,
are further analysed. Analysis of transport demand and suply is basis for
efficency estimation (Capacity and Level of Service), based on which
general conclusions and recommendation are given for the future activities
on road network.
Key words - traffic flow; Level of Service; capacity; AADT

INTRODUCTION
This article presents the results of the overall analyses of road transport
demand changes in the 1990 – 2015 on road traffic pattern on primary state
roads in the Republic of Serbia, with special emphases on 1999-2015 time
period. Based on data collected by Public Enterprise Roads of Serbia the
specific road database was developed for this analysis.
Traffic demand and suply ratio of the road network can be analyzed from
a number of aspects, but the aspect of the general analysis on network level
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has a direct impact on the strategic choices in the area of construction,
reconstruction and rehabilitation of the road network [1].
Southeast Europe, especially the Republic of Serbia, experienced
significant and dramatic changes in the last decade of the past century; they
directly and indirectly caused large and sudden changes in trends,
specifically demand and supply of services in transport sector. After the
turbulent last decade of XX century, social and economic stabilization
started from year 2000, when new trends and correlation between transport
and socio-economic indicators were established.
The new categorization of public roads in 2012 resulted in the state roads
division into the I and II category, instead of the former M (Magistral/main
roads) and the R (Regional) road network [2]. In order to create Road data
base for the analysis of traffic demand trends since 1990, existing state road
network is divided into three categories (A, B and C), according to
functional classification of road network. This step was necessary in order to
integrate former and new road categorization system.

BASIC ROAD NETWORK CHARACTERISTICS OF REPUBLIC OF
SERBIA
Geographical position and the topographical characteristics of the
Republic of Serbia have led to the fact that the most important corridors
between the West and the East passes through the territory of Serbia
throughout the history. The history and development of Serbia are most
directly related to this fact, with numerous positive and negative impacts.
According to mentioned facts, a great number of E-roads pass through the
territory of Serbia today, and according to the Third Pan-European
Conference in Helsinki in 1997, multimodal corridors VII (Danube) and X,
Xb and Xc parts are located in the territory of the Republic of Serbia [3].
The Republic of Serbia state road network consists of 16,221 km of I and
II category roads. The highway profile exists on almost entire corridor X
(border with Croatia - Belgrade - Nis - Leskovac) and on the corridor Xb
(Belgrade - Beška) with a total length of 615 km. All other roads falls into
two-lane highways category, with a negligible share of multilane roads
Road sections subgroups of M network – A, B and C
As previously mentioned, for the purpose of traffic flow and transport
services suply analysis, priority parts of the Republic of Serbia road network
are
grouped
into
functional
subgroups,
that
is
[1,3]:
A-network (165 sections with a total length of 1357 km.), which includes the
most important sections of the E-roads; according to the new categorization
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this network belongs to the I categorty state roads. Today on primary A-roads
network there are 619,2 kilometers with motorway cross section, while the
rest of primary A-roads sections are two lane roads with two way traffic.
B network (310 sections with a total length of 3099.4 km) predominantly
consist of other M roads sections that are categorized as the I category state
roads, while a small number of road sections belong to the II category state
roads.
C network is the smallest in scope (2 urban sections with a total length of
34.8 km); it is contained by typical urban sections, primarily on the
continuously built area of Belgrade that will be classified as urban roads with
the ralisation of Belgrade ring road (bypass) construction.
The functional subgroups of A, B and C road network are shown in Fig. 1.
The road network characteristics (the sections length) are shown for the 2015
reference year.

Fig. 1. Functional subgroups of A, B and C road network (excluding Kosovo
and Metohija) [1]
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TRAFFIC FLOWS ON ROAD NETWORK OF REPUBLIC OF SERBIA
Based on official statistics data, changes in the total demand for transport
services for different modes of transport are characteristic for all transport
modes, but the growth of demand in interurban road transport after the crisis
(1991-1993, 1999) was faster compare to rail and water traffic. Traffic flows
on the road network fully reflected sudden changes in external and internal
conditions with relative stabilization after year 2000 [4].
Based on the road network continuous traffic flow counting [5] it is
possible to determine the change in the Average Annual Daily Traffic
(AADT) value for the observed period from 1990 to 2015. Time series data
of average AADT changes on the analysied Serbia road network sections
show substantial reduction of road traffic demand due to the external causes
thus reflecting discontinuity of trends for 1990-1993 and 1999. (Fig. 2)
Intensive growth form year 2000 [6], caused by an increase in economic
stability after the period of crisis and sanctions, reached 1990 AADT level in
2003, while the maximum value was achieved in 2008. Due to the World
financial crisis which started to reflect in this region caused slight decline of
AADT up to 2013, after which stabilization of traffic demands started.

Fig. 2. Average AADT changes on the road network of Republic of Serbia
(excluding Kosovo and Metohija)

The general conclusion about the stabilization of traffic demand level
must be checked in more detail in relation to the road sections subgroups
(road networks A, B and C) in order to thoroughly examine the changes in
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traffic flows in the function of the flows characters. The time series data of
the average AADT on the road networks shown in Fig. 3 and 4, points to the
different proportions of change as a result of differences of traffic flow types.
It is characteristic that section average AADT value for the base year 1990 is
reached in 1997 and 2001 on B-road and C-road sections which
accommodate internal long distance and suburban/urban traffic respectively
while A-roads sections reached base year 1990 section average AADT value
in 2007. Basic problem with A-roads was the slow return of transit trips due
to enlarged number of border crossings, duration and procedures of control
process, uncertainty of travel time required etc. Development of major
motorway sections in South-East Europe was slowing down substential
transit flow volumes growth on the Republic of Serbia primary A-road
network. In that respect, motorway network development in Romania,
Bulgaria and northern Greece provided total travel time more attractive routes
for trips from Middle East, Turkey, Bulgaria and FYR Macedonia to Western
Europe.

Fig. 3. Average AADT changes on A and B road networks

Fig. 4. Average AADT changes on C road network
On the overall A network the stabilization of traffic demands is noticable.
However, due to the A network specificity, which includes motorway
sections (corridor X) and the most significant two-lane road sections, it is
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necessary to separately consider the changes in the traffic demands for these
two road types. Overall average motorway traffic demands fall in the year
2015 due to the additional length of recently built motorway sections (MW),
with relatively small traffic demands and toll charges increase which causes
traffic diversion to the of two-lane road network (TLR). The process
described above can be seen in Fig. 5. 1999 was adopted for basic year as
Republic of Serbia economic recovery was stoped due to NATO bombing
which has been the last major cause of extreme traffic demands fall.

Fig. 5. AADT changing index in relation to year 1999 on A road network

On the B network, the mean AADT values are significantly lower than the
A-network, with less oscillations during the analyzed period. In other words,
the flows on the B road network were under a minor influence of external
conditions, as they contain shorter distances trips within the state territory,
without a significant share of transit traffic (Fig. 3).
Network C, the urban sections of the M road network, include intra-urban
(local) traffic flow in city of Belgrade, as a result of inadequate supply of
public transport systems and/or insufficient capacity of other urban road
sections. Due to the partial completion of the Belgrade ring road (bypass) and
the exclusion of certain road sections from the state road network, there has
been a decrease in both length and average traffic demands on the C road
network (Fig. 4).
Since A road network is consist of motorway and two-lane road sections it
is important to compare AADT changes only on two-lane rural road sections
(A and B road network) (Fig. 6).
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Fig. 6. Average AADT changes on A (Two-Lane Roads) and B network

The total volume of the main road network indicates that shorter trips
prevail within the state territory, while the participation of transit traffic flow
is relatively low. This conclusion is imposed on the two-lane roads volume
on the A network and the entire B road network, which shows very similar
characteristics (Fig. 6).
Traffic load classes
Distribution of rural road sections by classes of traffic loads followed the
changes in road transport demand on A and B networks. Comparison of
distribution characteristics for 1990, 2004, 2009 and 2015 are of special
importance (Fig. 7).

Fig. 7. Distribution of length by traffic load classes on A road network
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Fig. 8. Distribution of vehicle kilometers by traffic load classes on A road
network

On primary rural road network A in 1990 most sections had traffic loads
in the class 7,001-10,000 vehicles/day/both directions with more or less
normal distribution (Fig. 7). In 2004 51.3% section kilometers belonged to
3,001-7,000 class, in 2009 this percentage was 37.6% while in 2015
percentage has fallen to 26.4%. Fig. 7 shows that distribution of increasing
traffic flows is shifting towards roads with AADT over 7,000 veh/day.
Besides motorway road sections with high levels of traffic demand, the most
important two lane rural road sections in Republic of Serbia fall into AADT
class of over 15,000 veh/day. That indicate potential Capacity and LOS
(Level of Service) problems on those road sections in the near future.
Vehicle kilometers on A road network reach 45% for >15,000 AADT class,
which can be explained by motorway road section in vicinity of major cities,
with significantly higher traffic demands (Fig. 8).
It should be added that 36.6% of existing rural motorways kilometers in
2015 had AADT lower than 10,000 vehicles/day/both directions (26.6% of
motorway kilometers with AADT 7,001-10,000 and 10% with AADT less
than 7,000), namely, the traffic loads below the level which would justify the
existence of full motorway.
With primary rural road network B, comparison of the distribution in
1990, 2004, 2009 (Fig. 9 and 10) shows that section lengths and vehiclekilometers in the lowest class are reduced and this trend contributes to more
rational utilization of existing capacities. Last analized time period (20092015) shows (Fig. 3) decrease of traffic demands on B road network which
can explain distribution changes in traffic flow classes for 2015 (Fig. 9). B
network road sections with AADT > 10,001 vehicles/day/both directions
suggest that 65.1 kilometers of B-roads would have capacity problems in the
near future.
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Fig. 9. Distribution of length by traffic load classes on A road network

Fig. 10. Distribution of vehicle kilometers by traffic load classes on A road
network

CONCLUSION
Based on the results of general analysis of transport demand on primary
rural road network in Republic of Serbia following conclusions and
recommendations are defined:
- After periods of crises (1991-1995 and 1999) road transport demand
on primary roads in Serbia had continuous growth with stagnation and
reduction in 2009 – 2013 due to the economic crisis as a major direct
(Serbian economy recession, income reduction etc.) or indirect
(reduction of international origin, destination and transit traffic)
influence.
- international transit traffic flows have not returned to motorway
(Corridor X) as expected, since the passenger and cargo transit flows
that used to pass through Serbia have reoriented to other routes and/or
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-

-

modes of transport, are discouraged by the number of border crossings
and duration of control process, unpredictable events, etc. The
intensive development of motorway road sections in Southeast Europe
essentially supports such tendencies and objectively diminishes the
possibilities of attracting transit flows to intensify the use of
motorway through Republic of Serbia in the future.
The total volume of the main road network indicates that shorter trips
prevail within the state territory, while the participation of transit
traffic flow is relatively low.
Traffic flow classes analysis indicates possible need for
reconstruction (Capacity and LOS improvements) of some parts of A
and B rural road network, which should be further examined.
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Abstract
Dispersion modeling of air quality is a primary regulatory tool for
prediction of levels of pollutants in the air. The process of dispersion
modeling is routinely used for assessment of the effectiveness of traffic
management measures, considering their impact at air quality. In this paper,
a methodology for selection of appropriate dispersion model for air pollution
research is developed and elaborated. Once selected, the dispersion model
has been used for “what-if” analysis, assessing the impact that traffic flow
reduction has at air quality. Obtained results clearly underline the
irreplaceable significance of properly selected dispersion model for
assessment of current and future air quality referring traffic management
measures. The intention of this developed methodology is not to make an
unnecessary burdening to those who perform and conduct traffic
management and air quality assessment. The methodology, above all, should
be understood as a tool for upgrading the modeling process and for
facilitating the communication between everyone included in the processes
of managing and modeling.
Keywords – dispersion modelling; methodology; air pollution
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INTRODUCTION
Air quality modeling is an area with a significant progress and interest in
the past two decades, mostly because of the increased public awareness for
the potential health and environmental damages from air pollution.
The basic technique for determination and prediction of air pollution and
its impacts are dispersion models [1]. Dispersion models are developed for
spatial and temporal prediction of pollutant concentrations, being the only
way for simulation of the impacts from current and future changes in air
pollution.
The combination of really large choice of dispersion models and wide
community of users has led to the need of ensuring directions necessary for
the selection of models. These directions comprise the structure of the
methodology for selection of dispersion models.
Hence, the purpose of this paper is to develop and present a methodology
for selection of dispersion models, as a tool that supports air pollution
assessment. This methodology underlines the role of dispersion models in
the simulation of air pollution and the significance of the selection of
appropriate model according to the specific conditions for application.
Applying this methodology, the AEOLIUS dispersion model has been
selected as suitable for the current conditions in the analysis. Then, this
model has been practically used for the assessment of the effectiveness that
reduction of traffic flow has at air quality. This structure of this “what-if”
analysis clearly shows the irreplaceable significance of correctly selected
dispersion model and understanding of obtained results for the management
and control of traffic air pollution.
ROLE, SIGNIFICANCE AND PURPOSE OF DISPERSION MODELING
Dispersion modeling is a mathematical simulation of the way that
pollutants disperse in the atmosphere. Dispersion modeling in traffic is used
for prediction of past, current and future atmospheric concentrations of
pollutants at particular locations.
Dispersion models are widely used for prediction and/or problem
resolving and are frequently used for identification of the best solution for
specific problems with air quality in the environment [2].
It is particularly important to understand the role and the place of
dispersion models, according to the fig. 1, in which a system for air pollution
and maintenance of air quality is presented. In this system, a scientific
components for analysis and components for development and
implementation of environmental policy/legislation are presented. It should
be noted that the modeling part is just one component in the whole procedure
for air quality analysis. The specific purpose of air quality modeling is to
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determine the best control strategy for air quality improvement in specific
areas [3].
Dispersion models, as an important tool for assessment of the current and
future air quality, have particular significance for the design of more
effective strategies for air quality maintenance [4]. Further on, dispersion
models for air quality assessment could help for evaluation of the plans and
strategies for emission reduction, in order to achieve a compliance with the
national standards [5].

Fig. 1. System for air pollution and air quality maintenance [3]
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Dispersion modeling is widely used for assessment of air quality. In the
world, governmental sectors, agencies and local authorities continuously
(but not exclusively) are relying on the dispersion models for air pollution.
These models are used for decision making referring both air quality
management and traffic management, as well as for urban planning and
public health protection. As a result, the community of users is getting
bigger and more various [6].
These potentials of air pollution modeling were a motivation for
development of the methodology for selection of dispersion model.
METHODOLOGY FOR SELECTION OF DISPERSION MODEL
One of the key factors for effective modeling of pollutant dispersion is a
choice of dispersion model, which should be appropriate with the range of
the impacts and the complexity of air pollution source [2].
A large number of dispersion models is available, with a well developed
range of research of dispersion modeling for traffic air pollution [7]. Hence,
there are many types of dispersion models with a wide range of complexity
and capacity, which create opportunities for diverse choice. Apart of that,
there is a wide community of users, with different interests and experience in
the modelling process: authorities, academics and researchers, consultants,
regulatory services, as well as the whole public [8].
Dispersion models, without exception, are developed to provide precise
assessments of the concentrations of pollutants under specific conditions.
But, to perform these assessments, it is important to select a model which
will simulate changes in the current or future air pollution with the highest
precision. Therefore, it is important to develop and use a methodology for
selection of dispersion model (fig. 2).
Although the level of detail at every step in the structure of the
methodology is different for different assessment levels and goals, the
methodology provides useful guidance in every modeling application.
PRACTICAL APPLICATION OF THE METHODOLOGY FOR
SELECTION OF THE MODEL
Based on the methodology for dispersion model selection and
considering this analysis’ intention for assesment of the effectivenes of
specific traffic management measure, the AEOLIUS dispersion model has
been selected. The full name of the models is Assessing the Environment Of
Locations In Urban Streets (AEOLIUS).
Next, all the steps in the methodology during the selection process of
AEOLIUS are briefly explained.
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Step 1: Definition of the research
Definition of the role, intention and purpose of undertaking dispersion
modeling at the same beginning of the research has been of the critical
importance. The intention of this analysis is to show the potential of
dispersion model for assessment of traffic management measure, i.e., “whatif” analysis. Being a dispersion model for estimation of urban “street
canyon” pollution, AEOLIUS model can be applied for this type of analysis.

Fig. 2: Methodology for selection of dispersion model
Source: Made by the authors, according to [8]

Step 2: Types of pollutants to be modeled
Based on the research aims, defined in the previous step, the modeler
must determine which types of pollutants from the traffic are the interests for
modeling.
In AEOLIUS, hourly concentrations in ppb are calculated for these
pollutants: NOx, CO, SO2, C6H6 (benzene) and C4H6 (1,3 butadiene) and in
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gm-3 for PM10. For NOx further calculations are made for an hourly
concentration of NO2 and a 98 percentile value of NO2. The concentrations
calculated are leeward concentrations where leeward is defined as the side of
the street from where the wind is blowing.
These pollutants are enough for the purpose of our analysis. In contrary,
if the model estimates bigger number of pollutants (above 100), than it
certainly needs a higher variety and precision of the input data [2].
Step 3: Determination of spatial resolution
Dispersion modeling has large domain for estimation of air pollution,
ranging from local to global. A scale of the modeling is determined based on
the type of research. Considering the local range of this analysis, the
AEOLIUS model calculating the concentrations in “urban canyon” is
applicable for estimation of concentrations at local level.
Step 4: Determination of temporal resolution
Temporal resolution can vary from minutes (peak concentrations), years
till decades (trends). Ideal is the hourly resolution. The temporal resolution
used in dispersion models in general is one hour. Most of the meteorological
data have this resolution as well. AEOLIUS fits in this frame, estimating the
hourly concentrations of pollutants in “street canyons”.
Step 5: Meteorological and topographical environment
Meteorological and topographical complexity of the environmental
configuration around the source of pollution determines the dispersion of
pollutants. This has direct influence on the selection of the model [9].
This step comprises description of the atmospheric conditions
(temperature, wind speed and direction, moisture, thermal flows etc.), and
geo-physical configuration (flat or hilly terrain, land use, presence of
buildings etc.). These characteristics have influence at the level of
complexity of the pollutants dispersion [10]. All these conditions were taken
into account for Bitola town. Mild meteorological environment and typical
urban topography allowed the application of AEOLIUS model to be suitable.
Step 6: Availability of input data
Every dispersion model has its own requests for different amount of input
data referring meteorology, traffic, topography and other pollution sources
(background pollution). Also, the availability of statistical and monitoring
data for air quality should be determined.
AEOLIUS model has the need of following input data: street width,
height of the street buildings, traffic speed, traffic flow per hour, wind speed
and background concentrations. All these data for this analysis are available.
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The precision and availability of input data is particularly important for
the selection of models. In case when input data are insufficient or have low
quality, there is no need to apply sophisticated dispersion models. The usage
of more simple models is more appropriate for the situations with limited
input parameters. Hence, the AEOLIUS being a simple model is very
suitable for our present circumstances with scarce input data.
Step 7: Technical aspects of the selection
The users of dispersion model, besides of the basic knowledge for
meteorological and chemical processes in the atmosphere, should be aware
for some other technical aspects during the modeling process:
 their own level of experience and technical competitiveness
 available computational and financial resources
 time frame in which modeling should be completed.
AEOLIUS model isn’t a demanding model, meaning that it doesn’t have
high computational and financial requests. The results can be obtained
almost immediately. Still, during the model selection, in this step additional
consideration for AEOLIUS were taken into account. Although it doesn’t
have on-line technical support and isn’t integrated with GIS, being
developed by the Meteorological Office in London and being in longer
period of operative usage were decisive facts that contributed for its final
selection.
ASSESSMENT OF TRAFFIC MANAGEMENT MEASURES USING THE
SELECTED DISPERSION MODEL
Considering their potential, dispersion models can be used for assessment
of effectiveness of traffic management measures, simulating the current and
future scenarios with air quality. This evaluation could be based on “what-if”
analysis [11], in which changes could be done to the structure and size of
traffic flows, traffic demand, traffic speed etc.
Reduction of traffic flows could be used as a traffic management measure
for improvement of urban air pollution. This measure is very simple and
rationale for implementation [12], with a potential to reduce pollutants
levels. Reduction of traffic flows could be achieved through different
restrictions: introduction of the program for even-odd license plate numbers,
payment for entering in the city centre, banning the high duty vehicles etc.
Regardless of the restriction type chosen, the AEOLIUS is applyed first for
the current levels of traffic flows, and then for the assumed reductions. This
type of analysis is „what-if” analysis.
Assessment of pollutants had been performed for a street in a wider
central area of Bitola town, Macedonia, with high traffic volume. The hour
with the highest flow (peak hour) was selected. This is the current situation
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(table 1). Then, reductions of traffic flows are simulated in the AEOLIUS
(table 1). The results of “what-if” analysis are given in table 2. Following
polluters were included in the calculation: NOx, NO2, CO, PM10, SO2 and
C6H6. Input data needed for AEOLIUS were available from different
sources: Traffic study for the town of Bitola 2011, urban plans as well as
meteorological reports and wind rose for the town of Bitola. Characteristics
of all these input data are precisely described in [10].
Table 1: Results for the dispersion of pollutants using AEOLIUS
Current
20%
30%
40%
situation
reduction of
reduction of
reduction of
Pollutant
Unit
traffic flow
traffic flow
traffic flow
Q=884
Q=726
Q=647
Q=567
vehicle/h
vehicle/h
vehicle/h
vehicle/h
NOx

ppb

73.49

65.07

60.52

55.61

NO2

ppb

31.47

29.68

28.59

27.32

CO

ppm

0.83

0.73

0.68

0.63

PM10

g / m 3

7.50

6.64

6.18

5.67

SO2

ppb

2.56

2.27

2.11

1.94

C6H6

ppb

1.67

1.48

1.37

1.26

Source: [10]

As it was expected, the biggest reductions ranging from 13.18÷24.55 %
for all pollutants are noticed for the highest reduction of traffic flows. These
“what-if” results, or in other words, range of all changes of emission
amounts are presented next.
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Table 2: “What-if” results: emission reductions [%]
20% reduction

30% reduction

40% reduction

Q=884 v/h
Q=726 v/h

Q=884 v/h
Q=647 v/h

Q=884 v/h
Q=567 v/h

NOx

11.45

17.64

24.32

NO2

5.68

9.15

13.18

CO

12.04

18.07

24.09

PM10

11.46

17.6

24.4

SO2

11.32

17.57

24.21

C6H6

11.37

17.96

24.55

Pollutant

Source: [10]

Through this presented application of the selected model for specific
traffic management measure, a significant opportunity is given to the policy
creators, urban and traffic planners and others directly included in the
process of traffic management and air quality modeling. “What-if” analysis
using dispersion modeling provides a proper decision to be made referring
whether or not to implement the analyzed measure, considering the air
quality impacts [10].
CONCLUSION
The potential of dispersion models to provide assessment of the current
and future air quality underlines their essential significance for control and
reduction of the impacts from traffic. Apart of their possible calculative or
structural imprecision, dispersion models are the only tool that provides
prediction of air pollution levels.
When selecting dispersion model, a large number of models is available.
Also, the community of users is becoming wider and more various.
Therefore, for assessment of air quality using the dispersion modeling a
methodology for selection of dispersion model is developed and presented.
Although is difficult to provide general recommendations for every
situation of selection of dispersion model, the use of this developed
methodology provides balance between the availability of appropriate
models and flexibility needed for research in real situations [8].
After all these steps in the methodology, the modeler has the opportunity
to select a model. The structure of this methodology is dynamic and can
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evolve with the advance in the pollution research and air quality
maintenance [8].
This paper has significant contribution for selection of dispersion model
in correct and suitable manner for every specific situation. Additionally, with
the performed “what-if” analysis, the paper contributes for the practical
application of the selected model considering traffic management measure
for air quality improvement.
In this way, the process of dispersion modeling will become closer to the
common user and will contribute for the development of the capacities for
understanding and usage of the results from dispersion models. This
contribution is necessary for the support during the decision making and for
responsible traffic management referring air quality protection.
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[7]

[8]
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Abstract
Dust has a high absorption potential and therefore the surface of the
particles of dust accumulate a large number of toxic compounds including
carcinogenic polycyclic aromatic hydrocarbons (PAHs) and heavy metals.
The origin of these toxic and carcinogenic compounds is mainly from the
traffic, as well as from the conventional fuel heating system. Usually used
bioindicators of air pollution are lichens and mosses. But today the world is
interested in investigating the possibility of using spiders and spider’s web s
as bioindicators for the assessment of air quality. In this study, several
potential sampling sites were identified and spider’s web s of different
species of spiders were sampled to determine which species are most
suitable for testing. In the extract of the spider’s web s, the presence of 16
PAHs and 10 heavy metals was analyzed using liquid chromatography
(HPLC) and inductive coupled plasma with optical emission spectroscopy
(ICP-OES) system. Analysis of the results confirmed that the concentration
of pollutants depends on the distance from the road and the presence
(absence) of the residential units near the selected location.
Keywords – air pollution; bioindicator; heavy metals; motor vehicles;
PAH
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INTRODUCTION
Particles of suspended dust in the air constitute a danger to human health.
These particles of respirable dimensions reach into the alveoli of the lungs
and can cause health problems. High variability of adsorbed toxic substances
was determined, and the most common are combustion products and heavy
metals. The origin of these toxic and carcinogenic compounds is mainly
from traffic [1], but also from the residential heating. Untill today, as
bioindicators of air pollution, most commonly used were lichens and mosses.
But the world is interested in testing methodology for using spiders and
spider’s web s as bioindicators for the assessment of air quality. Available
literature contains the data from the University of Technology, Sydney
(Australia) where Jose G. C. and associates [2] have analyzed the presence
of lead, zinc and the water-soluble inorganic ion on a spider's web, then S.
Xiao-Li and associates [3] from the Faculty of Natural Sciences in China
have done a qualitative and quantitative analysis of spider’s web s on Pb, Zn,
Cu and Cd, and at the University of Technology in Warsaw, J. Rybak and T.
Olejniczak [4] investigated the possibility of accumulation of PAHs on the
spider’s web s in the vicinity of road traffic emissions.
The use of spider’s web s can be economically more cost-effective and
more practical than the use of many plant because webs can be sampled with
minimal impact on the spider population itself. They are widespread, easily
sampled and provide a sample of the appropriate size for analysis. An
additional advantage is their ability to accumulate toxins over a long period
of time (up to 60 days).
In Serbia, spiders, as an indicator group of organisms, are very rarely
examined therefore spiderwebs have not been analyzed untill today.
MATHERIALS AND METHODS
The research consisted of two segments, wherein the first included
sampling of a spider’s web s, air and determination of spiders, and the
second was based on the experimental work, included qualitative and
quantitative determination of toxic substances in laboratory conditions.
Chemicals and equipment that were used for sampling and analysis of air
and a spider’s web 6were: Acetonitrile, HPLC grade (Cat. No. 361881.1612,
AppliChem), PAH test mixture (EPA 610 PAH, Supelco, Cat. No. 4-8743),
Methylene chloride, HPLC grade (Cat. No. 361254.1612 AppliChem),
Methanol, HPLC grade (Cat. No. 621990110, Poch), Sorbent tubes (ORBO
43, Supelco, Cat. No. 20258), Syringes, Syringe filters, 0,45 µm (Kinesis,
Cat. No. ESF-PT-30-045), Appex personal air sampling pump, Ultrasonic
Bath, Reacti-Therm™ Heating and Stirring Modules (model 18824),
Eppendorf Cetrifuge (model 5702), HPLC 1220 Infinity LC (Agilent
Technologies), Kinetex column (1.7 µm C18 100 Å, 150 x 2.1 mm).
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Within the first segment, were selected 5 sites in the urban and suburban
area of Novi Sad and Sremska Kamenica (Figure 1).

Fig. 1. Sampling map
Data on locations and sampling conditions are shown in Table 1.
Table 1. Basic data on sampling conditions
Distance
from the
road (m)

Distance
from the
ground
(m)

Type of
residential
building

Heating
source

1

100

20

building

c.h.

18

24

20

2

2

2

building

c.h.

18

21

22

3

10

2

house

gas/ s.f.

13

15

15

4

10

8

building

gas

24

25

23

5

100

1

house

/

26

24

20

Sample

Air temperature

c.h. – central heating, s.f. – solid fuel
The NIOSH 5506 (The National Institute for Occupational Safety and
Health) method was used for sampling and analysis of air. After calibration
of the pump, air samples were sampled for 8 hours with a flow rate of 2
L/min with three repetitions at each location. Because of the length of the
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material collection period, all samples were kept, until analysis, at a
temperature from -18 ° C protected from light with foil.
Within the second segment of the project, the preparation and
instrumental analysis of the samples was made to determine the presence of
PAHs and heavy metals.
PAHs in samples of air and a spider’s webs
Air - Filters from the absorption tubes were transferred to the glass
culture tubes. Desorption of PAHs was performed by adding 5 ml of
acetonitrile, after which the sample tubes were placed in the ultrasonic bath
for 60 min. The extracts were filtered through 0.45 μm syringe filters. The
extraction analysis was done on the HPLC 1220 Infinity device. Recovery
and desorption efficiency were determined by adding a known concentration
and volume of the PAH standard, directly into unused sorbent from the
absorption tubes. After 24 hours, PAHs were desorbed in the same way as
for the sampled air.
Spider's web - Spider's web was sampled twice. Test samples were
collected in October and November 2016, while real samples were collected
in April and March 2017. Webs were packaged in glass bottles together with
spider units. In the laboratory they were purified from insect residues,
spiders were removed and species determination was made. After measuring
the mass of the webs, it was found that the species Dyctina civica and
Pholcus phalangioides (Figure 2 and Figure 3) provide a sample of the
appropriate size for the predicted analyzes. Samples of spider’s webs were
stored in a freezer until analysis. Before analysing, the samples of spider’s
webs were dried at 70 ° C for 48 hours and a total of about 60 mg of each
sample was measured. PAHs were extracted with three portions (1 ml) of
solution of methylene chloride / methanol (9: 1, v:v). After centrifugation,
the extracts were evaporated to dryness in the presence of nitrogen and the
residues were dissolved in 500 μl of acetonitrile

Fig. 2. Dyctina civica*

Fig. 3. Pholcus phalangioides*

*Photo by Dragiša Savić
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Analysis of the final extract was done on the HPLC 1220 Infinity device
(Figure 4).

Figure 4. HPLC 1220 Infinity
Heavy metals in samples of a spider’s web
Spider’s web samples were prepared as follows: approximately 30 mg of
the sample was measured. The digestion was done using microwave
digestion (Berghof MSW 3+) in the presence of 7 ml of HNO3 and 3 ml of
H2O2. After filtering, heavy metals As, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and
Zn were analyzed by inductively coupled plasma with optical emission
spectroscopy - (ICP-OES) system, Thermo iCAP 6500 Duo (EPA 6010C)
[5].
RESULTS AND DISCUSSION
In the spider’s web samples collected during October and November
2016, March and April 2017, there were webs of various spiders. It has been
found that the webs mainly belong to the species Dyctina Civic,
Achaearanea tepidariorum and Pholcus phalangioides. After measuring the
mass of the collected webs, it was determined that the species Dyctina civica
and Pholcus phalangioides provide a sample of the appropriate size for
further chemical analysis.
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By analyzing the results of the concentration of 16 PAHs in spider’s web
and air samples, it can be concluded that the concentration of total PAHs
ranged from 1.44 to 27.02 mg/kg in the spider’s web (Table 2) and from
29.4 to 73.9 ng/dm3 in the air (Table 3). The largest participation in both
types of samples had lower PAHs such as Naftalen, Acetaphthalene and
Acenaften. According to the Regulation on limit values, immission
measuring methods, criteria for establishment of measuring points and data
records [6] benzo (a) pyrene, is a representative of polycyclic aromatic
hydrocarbons for the urban environment and its emission limit value is 1
ng/m3. In our air samples benzo (a) pyrene was not detected, similarly to the
spider’s web samples where it was below the limit of detection (LOD). The
highest concentration of total PAHs in the air was measured at a location
which was at a distance of 20 m from the main road in Sremska Kamenica.
In the spider's web, the highest concentration of total PAHs was measured in
a sample sampled in the settlement Čerevići at a distance of about 100 m
from the regional road.
By comparing the results obtained from the analysis of air and spiders, it
can be concluded that the concentrations of PAHs in the spider’s web are
higher than those in the air. It is assumed that used method - NIOSH 5506
for sampling and analysis of PAHs in the air did not give the expected
results. In order to get more credible results, the proposal is to extend the
sampling time because a sample of 8 hours a day (or three times by eight

282

<
LOD
<
LOD
<
LOD
<
LOD
0
.017
0
.014

<
LOD
>
LOD
>
LOD
>
LOD
0
.017
0
.014

<
LOD
<
LOD
<
LOD
<
LOD
0
.039
0
.029

0
.017
<
LOD
<
LOD
<
LOD
<
LOD
0
.014

0
.135
<
LOD
<
LOD
0
.057
0
.127
0
.028

0
.038
0
.035
0
.037
<
LOD
0
.126
0
.028

<
LOD
<
LOD
<
LOD
<
LOD
<
LOD
0
.014

Total

Indeno_(1,2,
3-cd) pyrene

0
.124
0
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0
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<
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0
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0
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0
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0
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0
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0
.310
0
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0
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<
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<
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0
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0
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0
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0
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<
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<
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0
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0
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0
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4
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1
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0
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0
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0
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e

0.
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Naphthalene

Table 2. Results of PAH analysis in spider’s web samples

C (mg/kg)
1
2
3
4
5
L
OD

0
.794
0
.723
<
LOD
<
LOD
2
.564
0
.143
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2
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1
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3
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0
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7
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1
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1
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3
1
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4
5
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e
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Table 3. Results of PAH analysis in air samples
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hours per day) does not correspond to the actual concentration of PAHs
present in the air during the period in which the web was exposed.
The results of the analysis of heavy metals in spider’s web samples are
shown in Table 4. By analyzing the results it can be seen that Zn is a metal
which is mostly accumulated on a spider's web, followed in descending
order by: Mn>Cu>Pb>Cr>Ni>Fe>As>Co>Cd. The highest concentrations of
heavy metals were measured at a location located in the central city area of
Novi Sad at a distance of 2 m from the frequent urban road with the largest
participation of zinc, lead and manganese. The smallest concentration of the
analyzed metals was measured at the location in Sremska Kamenica, which
is outside the urbanized area. The results indicate that one of the main
sources of heavy metals is road traffic, but there are also other anthropogenic
factors (fossil fuels, municipal waste, etc.) that affect air quality.
Table 4. The content of heavy metals in the spider’s web
Sam
ple/
Met
al
1
2
3
4
5

A
s /
ppm

C
d/
ppm

C
o/
ppm

C
r/
ppm

C
u/
ppm

1
1.4
3.9
5
5
.01
1.8
6
6.
14

2.
388
1.
97
1.
30
1.
07
1.
28

3.
861
7.
48
5.
06
1.
78
3.
27

2
6.7
3
6.4
2
8.0
19.
4
1
8.1

7
0.44
7
7.9
5
5.1
8
4.9
4
5.1

F
M
N
P
e/
n/
i/
b/
ppm ppm ppm ppm
9
.0
1
2.5
9
.61
4
.79
5
.45

1
82.3
30
7.3
2
21.0
1
37.8
1
90.8

2
9.2
2
2.3
2
1.6
1
7.4
2
0.5

36
.3
91
.3
26
.9
28
.1
32
.1

Z
n/
ppm
37
2.3
90
3.0
20
3.7
23
8.9
63
6.4

CONCLUSIONS
Based on the obtained results, it can be concluded that the spider’s web
absorbs and accumulates organic and inorganic compounds such as PAHs
and heavy metals. Given that the concentrations of those pollutants are the
highest in the vicinity of the road it can be said that road traffic greatly
influences their concentration in the air.
Because of the low recovery percent of the applied air sampling method
for determining the presence and concentration of PAHs in the air, the
obtained concentration of organic pollutants in the air and in the spider’s
web can not be compared. Therefore, the assumption that the spider’s web
can be used as a bioindicator of air pollution is confirmed only in case of
monitoring the qualitative composition of air. In order to obtain more
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accurate data on the quantitative presence of air pollutants, it is necessary to
optimize the existing air sampling method and develop a new method
adapted to existing field and laboratory conditions.
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Abstract
Network and information security training is fundamental for the security
of information resources and especially for the management of real
governance processes in the transport sector, including traffic management
systems. This area is becoming more and more relevant as there is a
tendency to increase malicious information events and incidents.
This article discusses and summarizes the main directions of the training
in the new Master's Program “Network and Information Security” at Todor
Kableshkov University of Transport - Sofia. The program is designed
according to the European Union requirements for ensuring a high level of
information systems and networks security. All major factors influencing the
security of systems and networks, their auditing, increasing users' awareness
and best practices in the field are taken in consideration.
Keywords - transport; network and information security; computer
information systems; internet; education

INTRODUCTION
Nowadays, the use of information systems faces a number of challenges
related to their design, development and implementation in practice. On the
one hand, these are the challenges of integrating the business logic of

¹ professional paper
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processes that are subject to automation and information provision. On the
other hand, this is the especially important task to preserve the integrity and
reliability of information and in particular, the security of data and systems.
Information security is an area developing at an extremely fast pace.
Expertise in this area is becoming increasingly valuable, especially with the
expansion of Internet-based solutions. Therefore, it is very important to have
experts who are able to recognize the threats and risks to information, and
how to avoid or limit them. Recently, there has been talk of a so-called
culture of using systems, related to a number of preventive and operational
rules on maintaining the integrity and confidentiality of information. All this
entails the emergence of a new type of information security profession at
every company and corporation. This profession is “Information Security
Consultant”. Such consultants will be needed at every company and
organization and will take care of the protection of information resources, of
consulting and training the staff in the field of information security, of
prevention regarding actions in the work with information resources, as well
as of all other activities concerning information systems and the work with
them.
This paper reviews and systematizes the main strands in the training of
such information security consultants within the newly launched Master's
Program „Network and Information Security” at Todor Kableshkov
University of Transpor, Sofia. The program takes into account the
requirements of the European Union as regards the ensuring of high level
and culture in respetc of the security of information systems and networks
[1]. All the main factors that have an impact on system and network security,
their auditing, as well as the increasing consumer culture of use and the best
practices in the field are taken into consideration [2].
CLASSIFICATION OF INFORMATION SYSTEMS USED IN
TRANSPORT
The information systems used in transport are related to a number of
activities characterizing all other industries, but most of all to the fact that
there are systems that dynamically control the real processes for the
movement and transportation of passengers and freight as well as the safety
and reliability requirements.
The main categories of infromation systems servicing the transport
industry are as follows [3, 4]:
 Manufacturing and Production Systems;
 Systems for control of real (transportation) processes;
 Sales and Marketing Systems;
 Finance and Accounting Systems, including electronic payments;
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 Human Resource Systems;
 Supply Chain systems;
 Management information systems;
 Integrated infromation systems (Enterprise Systems), which are
expensive and require a larger organziation;
 Systems assisting decision-making, etc.
An essential point in the operation of these systems is that they work in a
universal environment such as the Internet and are therefore exposed to
permanent and dangerous events related to their discrediting. This makes the
qualifications of information security consultants particularly relevant. The
curriculum proposed below for the performance of such training is in line
with the requirements of both the transport industry and the rest of the
industries in economy and modern life.
STRUCTURAL MODEL OF TRAINING IN NETWORK AND
INFORMATION SECURITY
The main objective of the Master's Program is related to the development
of a theoretical and practical foundation of the knowledge needed to
implement network and information security, as well as the skills necessary to
solve cases in practice.
The Network and Information Security Consultant should have a good
fundamental training focusing on those sections of mathematics, theoretical
cryptography, programming, etc., which are applicable to the design and
development of information security systems and software systems to provide
information security [5, 6, 7]. Such an expert should know the norms and
standards in this area and their requirements. Furthermore, he should have
knowledge as regards the organization of information security systems,
including [8, 9]:

policy - a set of formal rules regulating information security
mechanisms;

identification and authentication;

audit and monitoring - tracking of events within the information
exchange process;

risk management, etc.
The structural model presented in Table 1 includes the following
theoretical and practical training courses [10].
Structured in this manner, the model provides the necessary basic
knowledge and covers all the requirements for acquiring the necessary
knowledge on information security issues and also enables trained staff to
continue improving independently in their professional activity.
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IMPLEMENTATION AND ANTICIPATED BENEFITS
The European Policy for research and innovation in the transport industry
supports the development and improvement of intelligent transport
information systems, innovative technologies and communications, which
contributes to the building of a modern, convenient, efficient and
competitive transport system in the European Community. Information
systems and innovative communication technologies in the field of rail
transportation are represented as an innovative IT model and approach to
manage, control and monitoring of various types of rail transport. This is
also related to the administration of real-time train information
exchange: exchange of electronic communication between multiple railway
users - railway companies, ticket sales offices, transportation companies,
transporting various cargo, dispatching and navigation systems etc. The
implementation of cloud technologies as an approach for virtualization and
sharing of IT resources, provided as services over the Internet, increases the
requirements for an effective management of network and information
security in transport.
Table. 1 Structural model of training in network and information security
DISCIPLINES OF STUDY WITHIN THE PROGRAM
MANDATORY
OPTIONAL
SEMINARS
First group
Computer
Networks
Design
and Corporate Security
Computer Emergency
Management
Information
Systems Response
Teams
Reliability and Safety of Auditing
(CERT)
Computer Systems
Information and Data
Protection
Second group
Intrusion
Detection
Systems
Firewall Software
Norms and Standards Virtual
Private
for
for
Network
and Networks and Trusted Systems
Information Security
Zones
Monitoring, Analysis
Network and System
and Evaluation of
Administration
Information Events
Intelligent
Security
and
Potential
Systems
Problems
Information
Attacks
and Dangerous Software
Analysis
and
Risk
Assessment
of
Information Systems
Human
Resource
Management
and
Security
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The specialty is extremely up-to-date because it provides students with the
knowledge and skills to deal with the latest threats and challenges to
information security such as cyberspace threats. The Master's Program meets
the European standards of education, covering the modern trends in
information security. Students obtain specialized theoretical knowledge of
information security technologies in the state administration, security and
defense, business, transport and energetics, finance and accounting, banking,
science and education, the legal system, healthcare, etc.
Modern concepts of network structure are considered, providing the
necessary reliability and efficiency, the technical and program methods for
providing protection of the information in the information systems. The
students acquire skills to develop and apply various methods, techniques and
technologies for organizational, program, technical, cryptographic and
economic purposes; to design and develop secure cyber-information systems;
to work with strategic decision support systems, etc.
Graduated students can work as experts, analysts, security administrators,
consultants and specialists in security and public procurement services, crisis
management structures and other state institutions and private companies
developing and maintaining software for information security systems,
communications, protection of classified information and in many other areas
for cyber security applications, as well as conducting research in the field of
information systems, electronic management, knowledge management, etc.
CONCLUSION
This paper presents a summarized model and thematic scope of the
theoretical and practical training in the area of “Network and Information
Security”. Although this is a dynamic task requiring constant updating of
knowledge in this field, the main objective is achieved by building a
theoretical and practical foundation of knowledge and skills for design and
development of network and information systems as well as solving case
studies. This foundation forms a solid basis for analyzing and addressing the
latest threats and challenges to information security, such as cyberspace
threats.
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Abstract
The problem concerning vehicle safety and the passengers in
vehicles, dates since the very beginnings of the automobile industry. In
order to increase safety in automobiles, various systems for active and
passive safety are built in. Passive safety systems, such as safety belts and
airbags, are in fact systems that restrict the driver’s movement. Their goal
is to decrease the intensity of injuries in traffic accidents.
The purpose of placing safety belts in vehicles is that, in case of a
crash, or intensive deceleration, to prevent translator displacement and
throwing the drivers body forward, hens hitting his head on the
windscreen or the steering wheel.
In this paper, results of the research carried out in R.Macedonia,
about the usage of safety belts by the drivers and passengers in vehicles,
will be presented.
Key words:safety systems, airbags, safety belts, windscreen.
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INTRODUCTION
In every society, the human, its life and health are the highest
values. One of the most jeopardized areas, in the last couple of decades at
least, is the road traffic, not only in our country, but in the Western
European countries as well. From the aspect of the vehicle as a factor, the
passive safety systems in vehicles have a very important role in
decreasing the consequences on drivers and passengers in vehicles, in
case of a traffic accident.
In article23 paragraph1 from the Road Traffic Safety Law of the
Republic of Macedonia, the following is stipulated:
“The driver of a motor vehicle that has built in safety belts and
the persons that are being carried in that vehicle, are obligated to be
buckled in with those belts in a manner determined by the manufacturer
of the vehicle, during the time while the vehicle is moving in traffic on a
road.”
The above stated obligation does not apply for:
- Deliverer of goods in circulation in the place of delivering, and
- Drivers when with their vehicle are moving with the speed equal
to human walk, when moving backwards and on parking lots.[2].
Passive safety systems, such as the safety belts and air bags, are
in fact systems that limit driver’s movement. Their purpose is to decrease
the intensity of injures in traffic accidents.
The goal of installing safety belts in vehicles (patented in 1903),
comes to effect in a case of crash of a vehicle or intense deceleration, to
prevent translator movement and jettison of the drivers body forward,
hens hitting his head in the wind screen glass or the steering wheel.[1].
During a crash, the vehicle and driver’s speed decrease
significantly, so that huge forces occur that effect the driver’s body. Seen
through the aspect of safety, the most dangerous situation would be when
the overall kinetic energy of the driver is transformed in to energy of
deformation of his body, such as deformation of the chest and head [1].
The safety belt absorbs that energy in a way that is the least harmful for
the driver – prevents contact of the body with the steering wheel and
straining of the chest with least force as possible. (Figure1).
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a)

0 ms afterthe crash
60 ms afterthe crash
100 ms afterthe crash
Fig.1.Model of a dummy in a drivers seat during a crash from a simulation tool
Madymo

REASONS FOR PROS AND CONS FOR USING A SAFETY BELT
As most common arguments of the drivers and pasengers that are
against usage of safety belts we could state the following:
-Passengers could not unbuckle fast enough, if the vehicle catches fire or
if it falls in to water;
-The belt is not buckled permenently; Only a slite move of the arm is
enough to unbuckle the belt. The unbuckling is done in part of a secund.
-In case of a traffic accedent “the opening of the door is aggrevated”.
-Experiences show that in case of a crash, the capabilities of the injured
decrease or desapeare all together after a shock. Wearing a belt,
decreases the affect of the blow, alivietes salvage actions and enebales
the passangers to retain normal behavour.
-The belt is useful for long journeys and for high speeds;
-The statistics, on countrer, proves that most of the accedents happen
during speeds lower than 50km/h;
-The belt is not useful for a driver, who can protect himself by leaning on
the stearing wheel;
-This argument is fare from being persuasive! The most that a driver can
resist on this pressure is 50 kg with the arms and 100 kg with the legs,
however during speeds of 20 km/h the forces that take place are six to
seven times bigger that the wight of the body;
-Falling out of the automobile can be more useful than remaining inside;
-Statistics sayse that chances of surviving a five times bigger if the driver
or passengers do not fall out of the vehicles.
The force that the belt aserts on the passengers is about ten times
smaller than the force of the blow of the passenger in the vehicle. Hens,
passengers wearing a seat belt can get through withot severe injuries even
during crash speeds that otherwise unbuckled passengers, would not stand
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no chanse what so ever to survive the accedent. In case of a vehicle
crashing in to a fixed obstacle, for exp. a wall, the passengers that are not
buckled in the vehicle, regulary are pron to death causing injuries during
crashes at higher speeds. If they are buckled they can survive if the crash
speed is not high [3].
The lower the speed in case of a traffic accedent, the higher is
the protective function of the belts.
When, a safety belt is not beeing used
-The lower part of the body slips forward, the knees hit the metal parts of
the vehicle. As a consequnece it comes to leg fractures and complicated
knee injuries;
- The upper part of the body falls forward, the head hits the upper part of
the car body;
-The head hits the front glass, breaks it or hits the sealing construction.
The rib cage hits the stearing wheel. Consenquences are head, face and
eye injuries, as well as rib cage fractures;
-Neck and face fall on the steering wheel, head hits metal parts of vehicle,
consecuences are scull fractures, broken ribs and severe internal
bleedings; and
-Head moves backwords and is thrown behing the seats. Consequences
are fracture of neck spinal vertebras.
When a safety belt is beeing used
-The lower part of the body that tends to go forward, retains on the lower
leg of the belt; and
- The upper part of the body and the head are retained via the upper leg of
the belt, then the head reverses back and gets thrown behind the seat, and
as a consequence it comes to fracture of the neck spinal vertebras.
DATA ANALYSES OF THE RESEARCH CARRIED OUT IN R.M.
During the period April-May 2016 in 13 municipalities of
Republic of Macedonia, a research was carried out, regarding the usage of
safety belts by the drivers and passengers.
Research is made via terrain opservation of the traffic system by
40 observers. The overall number of drivers and passengers, the overall
numbers of buckled and unbuckled drivers, as well as the overall number
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of buckled and unbuckled driver per cities expresed in percents, are
shown in the tables.
As you can see from the data from Table 1, the research engulfs a
total of 4800 drivers in the cities of R.Macedonia. The safty belt is most
rearly used in the cities of Makedonski Brod and Tetovo, where only
12,5% were buckled with a safety belt, and most often are used in the
cities of Prilep 45,9%, Bitola 41,66% and Skopje 40,41%.
The number of co-drivers seating on the front seat next to the
driver using a belt is also on a very low unsatisfactory level, od more
specifically the lowest number of buckled codrivers is in the city of
Veles ( 12,44%) and Tetovo (13,42%) the highest number of buckled
codrivers is detected in Prilep (48,2%), Bitola (34,01%) and Skopje
(35,23%).
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Table 1. Description of drivers that use/don’t use safety belt

Total
Number
Number of Buckled
Unbuckled
number
of
unbuckled
drivers
drivers (% )
of
buckled
drivers
(% )
drivers
drivers
Struga
240
59
181
24.58
75.42
Skopje
240
97
143
40.41
59.59
Tetovo
360
45
315
12.5
87.5
Veles
720
146
574
20.27
79.73
Kavadarci
240
61
179
25.41
74.59
Shtip
480
149
331
31.04
68.96
Strumica
720
202
518
28.05
71.95
M. Brod
240
30
210
12.5
87.5
Kichevo
480
96
384
20
80
Bitola
480
200
280
41.66
58.34
Brvenica
120
18
102
15
85
D.Hisar
240
75
`165
31,25
68.75
Prilep
240
110
130
45,9
54,1
Table 2.Description of the co-drivers using and non using safety belts
Total
number
of codrivers
Struga
Skopje
Tetovo
Veles
Kavadarci
Shtip
Strumica
Mak. Brod
Kichevo
Bitola
Brvenica
D.Hisar
Prilep

83
105
149
209
101
209
337
130
281
197
50
177
168

Number
of
buckled
codrivers
23
37
20
26
19
61
81
20
43
67
15
32
81

Number of
unbuckled
co-drivers

Buckled
codrivers
(%)

Unbuckled codrivers (%)

60
68
129
183
82
148
256
110
238
130
35
145
87

27.71
35.23
13.42
12.44
18.81
29.18
24.03
15.38
15,30
34.01
30
18.07
48,2

72.28
64.76
86.57
87.55
81.18
70.81
75.96
84.61
84,7
65.98
70
81.92
51,8
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The usage of the safety belt by the passengers seating on the back
seats is extremly low and it ranges bwtween 0,0-5,0% in nearly all of the
cities of the R.Macedonia, exept in Prilep, where this number is 17,6%.
Table 3. Description of back seat passengers using and not using safety belts
(buckled and unbuckled passengers)

Struga
Skopje
Tetovo
Veles
Kavadarci
Shtip
Strumica
M. Brod
Kichevo
Bitola
Brvenica
D.Hisar
Prilep

Total
number of
passengers
35
62
76
127
46
173
131
167
151
188
22
113
74

Number of
buckled
passengers
/
3
3
2
/
7
2
1
7
7
/
3
13

Number of
unbuckled
passengers
35
59
73
125
46
166
129
166
144
181
22
110
61

Buckled
passengers
(% )
/
4.83
3.94
1.57
/
4.04
1.52
0.59
4,63
3.72
/
2.65
17.6

Unbuckled
passengers
(%)
100
95.16
96.05
98.42
100
95.95
98.47
99.40
95,36
96.27
100
97.34
82,4

CONCLUSSION
The saftey belts are the most efficient system of passive saftey for
the vehicles, they especially protect the drivers body and the paasengers
during small crash speeds, in case of turning over of vehicles and prvent
falling off the vehicles as an additional conssequence of the centrifugal
forces, which forces in casses of turning over of the vehicle are 5-6 times
bigger in terms of the moving of the vehicle while turnning.
Unfortunaltely, even besides the penalty politics, the awareness
for use if the safety belt by the drivers and the passengers in R.
Macedonia is on a very low level. Also a cocernning fact is that the
passengers from the back seats of the vehicles do not use the safety belts
at all, beside the strong media campaign conducted by the Republic
Counsil for Traffic Safety of R. Macedonia.
The results of the conducted survey should help the relevant
stakeholders in the area of traffic safety in future and to develop adequate
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strategy with a set of meassures aiming to promote the culture and
awareness of usage of the safety belts in the vehicles.
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Abstract
The United Nations General Assembly passed a series of resolutions on
global traffic safety, including the 2009 Resolution, setting out the Decade of
Traffic Safety, from 2011 to 2020. The main goal of the Resolution is to
reduce the number of people killed in traffic accidents by 50% compared to
the forecasted number in 2020. In this regard, newer and more modern
approaches to the establishment of traffic safety have been developed since
the traditional, apllied approach to determing the state of traffic safety
(traffic accidents and their consequences) is not “human”. One of the
modern approaches to determining the state of traffic safety that is developed
is measuring the indicators of the safety performance of traffic. Traffic
Safety Performance Indicators provide a picture of the current state of traffic
safety (before someone fights), whose values combined with the
consequences of traffic accidents can recognize in a very reliable way the
key problems of traffic safety. The paper describes one segment of the
modern approach to solving traffic safety problems; the situation regarding
the measurement of indicators in the selected countrie (Serbia) is presented,
and specific indicators related to the behavior of the participants in the
traffic are described, and should be periodically measured, monitored and
reported about. Accordingly, the current state of traffic safety in the
Republic of Srpska, is what is done about Safety Performance Indicators
(SPIs), will be presented in the paper.
Keywords - control; S-safety P-performance I-indicators; selected
countrie
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INTRODUCTION
The main purpose of the Decade of Traffic Safety Action is to look at the
current state of traffic safety, to define the aimed state of the safety of traffic
(objectives) and the proposal of activities defined in the five basic pillars of
the Decade, which will lead to the desired goal - that is to reduce the number
of people killed in traffic accidents by 50% by 2020, compared to the
situation in 2010 (Ćerić, M et al., 2014). Due to the high importance of
traffic, and in particular the financial costs of traffic accidents, the United
Nations and the whole world are increasingly paying attention and regulating
the traffic conditions and behavior that will contribute to improving the
traffic safety. However, a prerequisite for successful traffic safety
management is permanent review and monitoring of the state of traffic
safety. Only in that case, the traffic safety system manager has the ability to
determine the location of the system in which it operates, the way in which it
started, and what is the established trend, to measure the effects of the
implemented measures for improving the safety of traffic, to compare it with
others, etc. (Pešić, 2015). In the field of traffic safety, there are different
methods of measuring traffic safety, but there is no generally accepted
standard method (Lipovac, K. 2008). The number of people killed in traffic
accidents as well as the mortality rate are indicators that are almost always
used when countries define the objectives of traffic safety to be achieved
(Wong et al., 2006, Allsop et al., 2011).
Unlike the previous "traditional" method of measuring the safety of
traffic, which implies the number of people killed in traffic, today's
increasingly "humanitarian" approach is being used. This approach involves
determining the traffic safety status by means of performance indicators of
traffic safety. Traffic Safety Performance Indicators provide an image of the
current state of traffic safety (before someone perishes), whose values
combined with the consequences of traffic accidents can recognize in a very
reliable way the key traffic safety issues (Lipovac et al., 2012, Wong et al.,
2006, Allsop et al., 2011, Hakert et al., 2007).
This paper describes the modern approach to solving the problems of
traffic safety, the situation regarding the measuring of indicators in the
selected countries (Serbia) is presented, and the basic indicators that are
related to the behavior of the participants in traffic, which should be
periodically measured, monitored and described and report about.
Accordingly, the current state of traffic safety in the Republic of Srpska,
when it comes to Safety Performance Indicators (SPIs), is presented in this
paper.
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METHOLOGY OF MEASURING TRAFFIC SAFETY INDICATORS OF
PERFOMANCES IN REPUBLIC OF SRPSKA
In the last decade, traffic safety indicators have gained significance, as
tracking traffic safety indicators allows understanding and accurately
defining traffic safety issues, but also to plan effective traffic safety
measures. As a matter of fact, the relationship between the existing and
wanted values of the indicators determines what should be predicted in
traffic safety programs and what measures should be taken (Lipovac, 2008).
Establishing a methodology for tracking indicators should improve the
monitoring of the current state of the safety system of traffic safety,
facilitate understanding of the problem, enable rapid measuring of the effects
of individual measures and activities and mutual comparison. The process of
introducing and using traffic safety indicators consists of the following steps
(Lipovac et al., 2012):
• precise defining of indicators of traffic safety,
• ranking the indicators by relevance and selection of the most important
indicators to be monitored,
• defining the method of measuring indicators,
• development of a methodology for collecting data for the most
important indicators to be monitored,
• measuring selected indicators regularly and
• analyzing indicators and reporting about them.
The mere establishment of a process for measuring safety indicators of
traffic is supported by the leading entities in the traffic safety on the national
level.
Via The Law on Road Traffic Safety of the Republic of Srpska, the local
self-government unit responsible for road safety affairs, submits to the
assembly of the local self-government unit, at least once a year, a report on
the state of traffic safety in its area, based on the previously received traffic
safety report on the territory of the local unit self-government made by the
organizational unit of the MUP of Republic of Srpska which is located on
the territory of the local self-government unit (Article 19, paragraph 2).
These data are provided to the Republic of Srpska Traffic Safety Agency,
and the Agency is obliged to report to the Council, ie the Government on the
state of traffic safety, identified problems in the traffic safety system, as well
as the implemented and planned measures for improvement and
improvement of the state of the safety of traffic (Article 14, article 1).
On the other hand (Article 19, paragraph 1), it is stipulated that the
Government of Republic of Srpska is obliged to submit to the National
Assembly a report on road traffic safety status at least once a year. From the
previous it can be concluded that at, all levels, there is an obligation to
monitor, or report on the state of the safety of traffic in Republic of Srpska.
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The Government of the Republic of Srpska has established the Council
for the Safety of Transport and the Agency for the Safety of Transport of
Republika Srpska. The Council, as an advisory body of the Government of
the Republic of Srpska, aims to encourage preventive and other activities in
the field of traffic safety, the realization of coordination and cooperation of
the involved entities (Article 10, paragraph 1).
Taking into account the Law on Road Traffic Safety of the Republic of
Srpska, the beginning of the establishment of the process of measuring the
safety indicators of traffic is related to the Republic of Srpska Traffic Safety
Agency, which assigment is monitoring and reporting about the state of
traffic safety using the data about traffic safety indicators, but also to
improve the traffic safety system by applying adequate measures.
In order to monitor the traffic safety situation, using the traffic safety
indicators, it is planned that the indicators of traffic safety performance are
periodically measured, that is, data is collected, analyzed and presented
appropriately.
Measuring traffic safety indicators will be implemented twice a year,
which implies measuring traffic safety indicators in the spring (April or
May) and in the autumn (September or October). During these periods, the
Republic of Srpska Traffic Safety Agency should collect data from the
available databases regarding certain traffic safety indicators, and
immediately prior to these periods to order research on those indicators
collected by field research, in order to carry out these surveys in the
envisaged periods of measuring.
Practically, as it is the obligation under the Law on Traffic Safety on the
roads of the Republic of Srpska that State authorities and other entities
submit traffic safety data to the Traffic Safety Significance Data, this also
applies to data related to selected key indicators of traffic safety. State
authorities and other entities that need to submit data on traffic safety
indicators are:
• Ministry of Interior,
• health institutions,
• Roads,
• statistical institutes, etc.
On the other hand, field research on some key indicators of traffic safety
should be carried out by an independent institution in cooperation with the
Republic of Srpska Traffic Safety Agency and cooperation with other
necessary subjects.
The collected data should be analyzed, processed and presented, or
publicized, in order to provide insight into the data, as well as the
methodology of the research to all interested entities and persons, and in
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particular reports that would be presented to the Government should be
prepared, which the Government would submit to the National Assembly.
KEY INDICATORS OF TRAFFIC SAFETY FOR REPUBLIC OF
SRPSKA
A large number of factors influence the traffic safety situation, so it is
necessary to define the traffic safety indicators that are related to different
safety factors of traffic. Traffic safety indicators, as defined here, can be an
excellent support to the traffic safety management system. Traffic safety
indicators should enable: assessment of the state of traffic safety, measuring
of the efficiency of the implementation of traffic safety measures and the
possibility of comparing the traffic safety status between different areas. In
accordance with these requirements, it is necessary to select, and then define
more precisely those traffic safety indicators that will be able to meet these
requirements.
Considering, appreciating and analyzing the best world practice as well
as examples in the near region regarding the selection of key indicators of
traffic safety, and in particular the recommendations of the SAFETYNET
project, as well as implementing the results of the research carried out in the
Republic of Srpska area, the following conclusions were reached:
requirements that are placed before traffic safety indicators (assessment of
the current situation, measurement of the efficiency of the implementation of
measures and comparison between different areas), it is necessary to
systematize the traffic safety indicators to the indicators that apply to all five
pillars of traffic safety:
• Traffic safety management,
• Roads,
• Vehicles,
• Behavior of traffic participants and
• Health care.
Within this division, there are indicators that refer in more detail to:
• Traffic safety organization and management,
• Roads,
• Vehicles,
• Alcohol and drugs,
• Speeding,
• Protective systems and
• Health care.
Such systematization of traffic safety indicators creates the possibility of
a dual action by the traffic safety system managers in the Republic of
Srpska. Firstly, it is possible to see what are the key areas of action in the
safety of traffic, which require attention and appropriate measures. Secondly,
within such systematization, it is possible to identify which entities are
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responsible, that is, responsible for the status of a certain traffic safety
indicator, which further creates the possibility for improving the system of
traffic safety.
From the broadest list of traffic safety indicators that relate to all the five
pillars mentioned above, those indicators are first included in the system that
are most relevant and the simplest to collect. Accordingly, the first phase
represents the recording, measuring and monitoring of indicators related to
traffic behavior.
It has been established that in the first phase the following indicators of
traffic safety are measured:
- percentage of use of seat belts in the drivers' seats while driving,
- percentage of use of seat belts in the front passenger seats while driving,
- percentage of use of seat belts in the rear passengers seats while driving,
- percentage of use of protective systems in children while driving,
- percentage of use of protective helmets for mopedists and motorcyclists
while driving,
- percentage of use of daytime running lights and
- percentage of use of mobile phones by drivers while driving.
The second phase includes additional indicators that can be identified by
field research:
- Percentage of exceeding the allowed speed and
- Percentage of drivers under the influence of alcohol,
while the third stage will include those indicators for which data are
collected from databases (for example, the age of the fleet, the percentage of
highways in the road network, etc.).
THE RESULTS OF MEASURING KEY TRAFFIC SAFETY
INDICATORS OF PERFORMANCES IN SERBIA
On the basis of the defined terms of the project task, in 2013, the
Republic of Serbia carried out the first field research of measuring the safety
indicators of traffic. From this period, the research is carried out twice a year
(in the spring and autumn).
Based on the previous research carried out in settlements, out of
settlements and on highways, for the passenger car category and delivery
vehicles up to 3.5 t, the obtained data (Agency for Traffic Safety of the
Republic of Serbia) show an increase in the percentage of use of protective r
systems chronologically (from 2013 to 2017), from 69.9% to 78.4% when it
comes to drivers, from 65.8% to 71.5% when it comes to front passengers.
Regarding the percentage of seat belt use in the rear seat, an increase was
also recorded (when compared to the beginning of 2013 and last 2017), from
3.1% to 11.6%. However, in spite of that, these results are unsatisfactory, as
there are still a large number of rear passengers who do not put on seat belts
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while driving. The percentage of use of protective systems in children from 0
to 12 years has increased 18.1% to 37.2%.
In the first year of the survey (2013), the speed of vehicle movement was
not measured, so in this case comparison is made with the results from 2014
when the first measuring of the speed of movement in the settlements were
done. Here, there is a decrease in the rate of overrun rates, from 57.6% to
49.4%, then from settlements from 39.5% to 32.9% and on highways from
44.8% to 28.2%, which is also the biggest drop in overdraft recorded.
In addition to these indicators, the Republic of Serbia performs
measuring of indicators related to the behavior of pedestrians in traffic,
which started from 2016. The data obtained by the field survey show that
22.2% of pedestrians cross the traffic light crossing on the "red light", and
30.3% of pedestrians who illegally cross the roads without the marked
pedestrian crossing.
THE RESULTS OF MEASURING KEY TRAFFIC SAFETY
INDICATORS OF PERFORMANCES IN REPUBLIC OF SRPSKA
During 2017, in May, the first field survey of traffic safety performance
indicators was conducted. The research was conducted within ten police
administrations on the territory of Republic of Srpska. Within a police
administration, the survey was conducted in the territory of the two
municipalities, on the roads in the settlement and outside the settlement, in
the morning (08:00 - 12:00 and afternoon (13:00 - 18:00) hours, and only in
working days. The research consists of three independent research:
• First study - use of the seat belt, daytime running lights, use of mobile
phones while driving
• Second study - use of protective helmets for mopedists and
motorcyclists
• Third study - speed of movement
Field research in the area of one police administration has been carried
out in two parts. In the first part, the recording of indicators in the morning
day on the territory of one municipality on the roads in the settlement and
outside the settlement was performed, and in the second part in the afternoon
recording of indicators in the territory of another municipality (the same
police administration) on the roads in the settlement and outside the
settlement. In this way, research in the territory of a police administration
was carried out within one day. The method of research applied is the
observation of behavior or the use of safety belts, daytime running lights and
child care systems for children up to 12 years of age. Researchers placed at a
given location record vehicles by a random sample method, i.e. the first
vehicle is observed and the features are recorded in the countersheet, after
which the next vehicle is observed and the recording process is repeated.
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The first indicator measured is the use of seat belts by drivers of
passenger car and delivery vehicles up to 3.5t, with a sample of 3415 drivers
in the settlement. Of the total number of registered drivers, 1913 (56.0%)
drivers used a seat belt, while 1502 (44.0%) of drivers did not use the seat
belt. Regarding drivers outside the settlement, 3412 drivers were registered,
of which 2518 (73.8%) used a seat belt, while 894 (26.2%) of drivers on the
roads outside the settlement did not use the seat belt.

Chart 1. The use of seat belts by drivers

Regarding the use of the front passengers seat belts, 1842 passengers
were registered on the roads in the settlement, of which 1101 passengers
were using a safety belt (59.8%) and 741 (40.2%) did not use the seat belt.
On the roads outside the settlement, 1792 passengers were registered, of
which 1313 (73.2%) of the passenger used a seat belt, while 479 (26.7%) of
the passenger did not use the seat belt.

Chart 2. The use of seat belts by front passengers

The smallest percentage of the use of seat belts is by the rear seat
passemgers. On the roads in the settlement, a sample of 1103 passengers was
recorded, of which 196 (17.8%) passengers used a seat belt, and 907 (82.2%)
passengers did not use the belt. Similar data were also recorded on roads
outside the settlement where 988 passengers were registered, of which 158
(16.0%) passengers used a safety belt, 830 (84.0%) passengers did not use
the belt.
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Chart 3. The use of seat belts by rear seat passengers

Percentage of the use of protective systems for children aged up to 12
years on the roads in the settlement - out of a total of 514 registered rear
passengers (children), 178 (34.6%) passengers used a safety belt, with a
significantly larger number of 336 (65.4%) did not use a seat belt. On the
roads out of the settlement, there were 440 passengers in the rear (children),
of which 117 (26.6%) passengers used a seat belt, while 323 (73.4) rear
passengers (children) did not use the seat belt.

Chart 4. The use of protective systems for children aged up to 12 years

According to European surveys, the use of the universal safety belt can
save 6,000 lives and prevent nearly 400,000 injuries each year in Europe (9).
Significant reduction of risk from death toll from drivers and passengers,
from 40 to 50%, can be achieved by using seat belts in the front seats, and
about 25% in the rear seats (9). On the basis of the data obtained from the
first measuring, a very poor current situation in the Republic of Srpska
regarding the percentage of use of safety belts can be observed.
CONCLUSION
In all countries, in the first phase of transport safety development, the
traditional way was the only way to monitor the traffic safety situation. Such
a retroactive approach is not human, it is not scientifically justified, it does
not provide relevant and reliable information on what traffic safety issues
are, nor points to optimal countermeasures. The modern approach to traffic
safety monitoring, which is most promising (in addition to the traditional
approach), is monitoring the performance indicators of traffic safety.
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Establishing and monitoring traffic safety indicators should improve the
monitoring of the existing traffic safety system, measuring the effects of
individual measures and activities and comparing them, which can be
achieved by implementing the following steps:
• Precise definition of traffic safety indicators
• Ranking and selecting the most important indicators to be followed
• Defining the method of measuring indicators
• Creating a methodology for collecting data for the most important
indicators
• Analysis and reporting of indicators
Having in mind the three basic purposes, ie the setting of traffic safety
indicators (assessment of traffic safety, measuring of the efficiency of the
implementation of traffic safety measures and the possibility of comparing
the state of traffic safety between different countries, areas, etc.), it is
necessary to define a list of traffic safety indicators that will have the ability
to meet these requirements.
Therefore, the Republic of Srpska recognized the current traffic safety
problem and in 2017 for the first time launched a project to establish a
methodology for measuring the safety indicators of traffic. By establishing a
methodology for measuring, monitoring and reporting traffic safety through
the indicators of traffic safety performance, the entities in the Republic of
Srpska will be able to determine the state of traffic safety in a quality and
above all "human" way, take effective measures and compare themselves
with others countries that have also set up an indicator measurement system
in accordance with the SAFETYNET project.
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Abstract
The World Health Organization (WHO) has identified motorcyclists
along with pedestrians and cyclists as vulnerable road users; therefore more
attention needs to be drawn towards these groups in order to reduce the
fatality rate. However, this study will only be covering the situation when it
comes to motorcycle riders. Given that the number of registered motorcycles
is increasing both in the Republic of Serbia and the European Union, the
possibility of the occurrence of more traffic accidents including motorcycles
is also increasing. Although the number of registered motorcycles is rising,
the number of motorcycles manufactured in the European Union countries is
in constant decline. According to the survey conducted by the WHO, it is
estimated that riding a motorcycle is up to 10 times more dangerous per
kilometer and is about 20 times more dangerous per covered hour than when
driving a passenger vehicle. The number of deaths of motorcyclists (death
rate) in the European Union is in constant decline, and in the Republic of
Serbia this number varies from year to year. This paper will deal with the
systems of active and passive safety of motorcycles and motorcyclists in
order to help establish a constant fall in motorcycle rider death rate in the
Republic of Serbia.
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INTRODUCTION
Lately, an increase in traffic volume has been noted due to the growth of
everyday demand for transport of both people and goods. The rise in the
demand for transport has been, in the past few years, complemented by
motorcycles because of their advantages such as: greater mobility, less space
required for traffic participation and parking, less fuel consumption, as well
as their environmental acceptability. The consequence of this is that
motorcyclists are increasingly present in traffic; therefore it is necessary to
draw attention to them and to implement distinct measures in order to raise
their safety in traffic to a satisfactory level. The fleet in the Republic of
Serbia is very old, where the average age of a car is over 15 years, and the
motorcycles were noted to be even older. It is not difficult to conclude that
motorcycles from this period could not have been equipped with modern
safety systems that improve traffic safety, because they were built before
these systems began to be used.
In the Republic of Serbia, in the period from 2010 to 2016, the number of
registered motorcycles increased by 30%, that is, in 2016, 37897
motorcycles were registered [1]. As the number of registered motorcycles
increased, traffic safety issues related to this group of participants in traffic
also rose. In the Republic of Serbia, the number of registered motorcycles
was constantly increasing from 2010 to 2015, and in 2016, a slight decline
has been noticed. Serbia belongs to the group of countries with low number
registered motorcycles per 1000 inhabitants, and amounts to about 7
motorcycles per 1000 inhabitants [2].
In the period from 2001 to 2012, the number of motorcycles on European
roads increased by 25.2%, or from around 29 million to around 37 million
[3]. In 2015, the trend of increase in the number of registered two-wheelers
and three-wheelers on the territory of the EU continued, and a 4.5% rise has
been registered [4].
The production of two-wheelers in the EU over the past 7 years has
decreased by more than 60%, which can be seen on Figure 1. The largest
number of two-wheelers was produced in 2001, around 1,500,000, followed
by a declining trend of produced two-wheelers in 2013, when about 500,000
motorcycles were produced. Consequently, as a smaller number of twowheelers were made, the less of new products were equipped with the latest
safety systems.
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Fig. 1. The number of produced two-wheelers in the EU per year.

According to a survey conducted in 2009, more than 180,000 motorcycle
riders have been killed in traffic accidents annually [5]. A motorcycle rider
death rate in the EU was in constant decline in the period from 2007 to 2014.
Additionally, according to a survey conducted by the World Health
Organization (WHO), it is estimated that riding a motorcycle is up to 10
times more dangerous per kilometer and is about 20 times more dangerous
per hour than when driving a passenger vehicle. The most important piece of
information is that it is even 45 times more likely that the motorcycle driver
will die and 90 times more chance for a motorcycle driver to be lightly or
severely injured than a passenger car driver. By analyzing the data for 2014,
it was found that out of the total number of deaths in the EU, as much as
15% were motorcyclists. In 2016, there were 52 motorcycle rider death cases
in the Republic of Serbia, which is almost 9% of the total number of people
who died in that year. In the following part of the article modern elements of
active and passive safety of motorcycles and motorcyclists will be presented.
MODERN ELEMENTS OF ACTIVE MOTORCYCLE SAFETY
Anti-lock braking system (ABS) for motorcycles
It is necessary that the braking systems of motorcycles provide a great
deceleration or slowdown, because motorcycles nowadays can develop high
speeds. However, in cases of sudden braking, they can lead to locking of
wheels, which can further affect the stability of the motorcycle, and in some
cases lead to the fall of riders and passengers. Research has shown that this
system reduces the number of traffic accidents with death results and/or
seriously injured persons by 48% [6]. On Figure 2, the results of a testing of
a motorcycle equipped with an ABS system are presented.
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Fig. 2. Results of the test in real conditions

Figure 2 shows that the slip ratio rapidly increases (Figure 2; C) at
moments when the motorcycle crosses from dry to wet roadway (marked
with a red line on Figure 2), and that at these moments, automatically, using
the ABS, the pressure in the braking installation is reduced (Figure 2; A). By
contrast, when a motorcycle crosses from wet to a dry roadway (marked with
a green line on Figure 2), the slip ratio is reduced, and the pressure in the
braking installation increases. Because the significance of this system has
been generally recognized, Regulation 168/2013 has been adopted
concerning the approval and surveillance of the market. In its accordance, it
is obligatory to install an anti-lock braking system (ABS) from 2016, on all
new motorcycles with an engine capacity of more than 125cm3.
During downhill breaking, a motorcycle may lose its stability due to
overturning around the front axle or sliding. Figure 3 shows a motorcycle
moving straight and braking on a downhill road, and it should be noted that
at the same time the front and rear wheel are intensively breaking.
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Fig. 3. Stability of the motorcycle in braking [7]

During intense braking, especially nowadays, because the brake drums
are replaced by disc brakes, which lead to a much greater deceleration,
compression of the springs in the shock absorbers occurs. A modern system
that can reduce the negative impacts of this phenomenon on the driver is the
"Anti Dive" system. This system works by moving the brake fluid from the
brake pump to the shock absorber and thus filling the volume of the shock
absorber and improving its characteristics.
Lane departure system on motorcycles
Given that there are angles that no mirror can display, company BMW
has started installing an additional device to support lane departure on some
models of their motorcycles (Figure 4). This system alerts drivers to other
traffic participants around them. Ultrasonic sensors (Figure 4a) placed above
the license plate inform the driver in cases where there is a vehicle at 5m
distance or less to a motorcycle, when the motorcycle’s driving speed is
form 25km/h to 80km/h. As soon as a vehicle is inside this radius, and the
motorcycle driver has turned on the direction indicator, at that moment, the
warning light (Figure 4v) will appear on the mirror on the corresponding
side of the motorcycle.
’

317

Fig. 4. Lane departure system on motorcycles

Headlights with Dynamic Leveling System
Dynamic light leveling system consists of a xenon module that is
positioned in the middle and right next to it are the mirrors, as shown on
Figure 5. The height sensors on the front and rear of the motorcycle collect
data on the height and thus ensure that the lights remain in a level that is predefined regardless of the driving mode and the vertical load of the
motorcycle.

Fig. 5. Xenon module and functioning with and without a system for dynamic
leveling of lights

Figure 5 also shows the functioning of this system in the curves and
clearly points out the difference in the lighting of the road in cases where
this system is present on a motorcycle and when there is no such system.
With this system, a much larger area of the road is illuminated, and therefore
the possibility of a traffic accident is reduced.
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MODERN ELEMENTS OF MOTORCYCLE PASSIVE SAFETY
Protective helmet
The main function of the protective helmet is to prevent head injury, that
is, the skull and brain of the motorcycle rider, primarily by appropriately
absorbing energy at the point of impact [8]. The most common head injuries
occur due to deceleration, not due to the penetration of sharp objects [9].
It is imperative that the helmet used by motorcyclists be homologated, which
is not the case in our country because a number of motorcyclists use certain
items that only resemble a helmet in order avoid paying the penalty
prescribed by law. The use of non-homologated helmets is in direct
correlation with the severity of the consequences [10]. It is estimated that the
use of a protective helmet reduces the number of fatalities of two-wheeler
riders by 33%.
From the above mentioned data it can be concluded how important it is to
use the protective helmet. There are four types of protective helmets in
relation to the degree of protection [11], which are: Full Face Helmet,
Modular Helmet, Open Helmet or Open Face, and Half Helmet or Half Face.
The Full Face Helmet is the most commonly used type of helmet in Europe
[12]. The English company “Vozz” revolutionized the way of making a
protective helmet that is safe, comfortable and has the best performance.
This protective helmet is split into two parts (see Figure 6) and the biggest
advantage is that, during a traffic accident, it is possible to easily free the
driver's head, and it does not have to be cut as standard protective helmets.
Some of the advantages are that there are no belts that interfere with the
driver while driving, and that the helmet is as close as possible to the head of
the driver, as no wide opening is required as with standard safety helmets.

Fig. 6. The helmet of the company "Vozz"

Some of the passive elements that improve the safety of the motorcyclist
and reduce possible consequences after a traffic accident are: protective suit,
"Hit Air" jacket with airbags, airbag vests, protective gloves and boots, neck
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shield, back protector (turtle). The most important system that can mitigate
the consequences of traffic accidents is the E-Call system. Emergency
services with the help of E-Call systems quickly get information about a
traffic accident and in this way can respond more quickly and adequately. At
the same time when an emergency call is activated, certain data is
automatically sent to the e-Call operator who answered the call. Figure 7
shows a schematic representation of how the E-Call function works.

Fig. 7. Functioning of the E-Call system

It is estimated that by using the e-Call system, the emergency response
time will be reduced by 50% in rural areas and by 40% in urban areas, and
that the number of fatalities and severely injured will be reduced from 2% to
10% and from 2% to 15% respectively. [13]
CONCLUSION
Taking into consideration the analysis of the current situation in the
Republic of Serbia, it has been established that there is a problem related to
the safety of motorcyclists, and that it is necessary to apply distinct measures
in order to improve this situation. The tendency of a constant rise in the
number of motorcycles affects the increase in the possibility of occurring of
traffic accidents related to these types of vehicles, especially in the summer
months when the conditions are ideal for riding a motorcycle. In our country
there is a number of organizations that are helping motorcyclists in acquiring
new knowledge, however it is necessary to have as many such organizations
as possible in the future, and to have expert staff engaged by them in order to
achieve the best possible results. Furthermore, it is essential to apply
campaigns that will influence the increase of knowledge about the protective
elements and their functions. Certain tax exemptions may increase the
percentage of use of protective equipment. However, it is not enough that the
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protective helmet and equipment is used, but it is necessary that these
helmets are appropriate and that they are homologated. Homologation of
used motorcycles in the Republic of Serbia is not at the appropriate level and
it is necessary to improve this process in order to improve the characteristics
of motorcycles and their equipment with modern elements of active and
passive safety. Since motorcycles on the roads in our country are quite old, it
is also necessary to subsidize the purchase of new motorcycles that
incorporate some of the active motorcycle safety systems that are analyzed
in this paper.

REFERENCES
[1] Statistical Report, Statistical Office of the Republic of Serbia, 2017
[2] Statistical Report, Statistical Office of the Republic of Serbia, 2016
[3] ACEM, (2014). The safe ride to the future, Motorcycle industry’s
commitment to road safety, Association des constructeurs Europeens
de Motorcycles, Brussels.
[4] ACEM, (2015). ACEM, Market, Motorcycle Industry in Europe,
Association of European Motorcycle Manufacturers, Brussels
[5] Naci, H., Chisholm, D., Baker, T.D., (2009). Distribution of road traffic
deaths by road user group: a global comparison, Injury Prevention 15,
pp. 55-59.
[6] Rizzi M, Standroth J, Tingvall C (2009). The Effectiveness of Antilock
Brake Systems on Motorcycles in Reducing Real-Life Crashes and
Injuries, Traffic Injury Prevention,10(5), pp. 479- 487.
[7] Demic, M. (1995). Mechanics of motorcycles, Faculty of Mechanical
Engineering, Kragujevac.
[8] Deck, C., Baumgartner, B., Willinger, R., (2003). Helmet optimiyation
on head-helmet modelling, Structural Materials 13, pp. 319/328.
[9] Van den Bosch, H.L.A., (2006). Crash Helmet Testing and Design
Specifications, PhD thesis, Technische Universiteit Eindhoven.
[10] Peek-Asa, C. et al., (1999). Intention to commit driving violations: an
application of the theory of planned behavior. Journal of Applied
Psychology 77 (1), pp. 94-101.
[11] Fernandes, F.A.O., Alves de Sousa, R.J., (2013). Motorcycle helmets-A
state of the art review, Assid, Anal.Prev. 56, pp. 1-21.
[12] ACEM, (2003) MAIDS, In-depth Investigations of Accidents Involving
Powered Two Wheelers Final Report Motorcycle Accidents in Depth
Study, Association of European Motorcycle Manufacturers, Brussels.

321

[13] European Commission Staff Working Document Impact Assessment
Accompanying the document Commission Recommendation on
support for an EU-wide e-Call service in electronic communication
networks for the transmission of in-vehicle emergency calls based on
112 (e-Calls),C 2011,6269 final}

322

DOI 10.20544/TTS2018.P33
UDK 656.13.052.8(497.7:4-672EU)

TRAINING OF CANDIDATES FOR DRIVERS IN
TRAFFIC AND TRANSPORT IN MACEDONIA
COMPARED TO EU STANDARDS AND
DIRECTIVES¹
Elmir Mustafai
Consultant for traffic planning and development
Department for traffic and roads, Municipality of Tetovo
Tetovo, Macedonia
elmmus@yahoo.com

Merita Mustafai
State University of Tetovo, Faculty of applied sciences
Department for traffic and transportation engineering
Tetovo, Macedonia

Abstract
A motor vehicle in the traffic which performs transportation, can be
managed by a person who meets the requirements set by the road traffic
safety. The rules for driving licenses are essential elements of the common
transport policy, they contribute to improving road safety, and facilitate the
free movement of persons residing in EU Member State, other than the one
who issues the license. Although progress has been achieved with the
harmonization of driving license rules among Member States, there are
significant differences in the rules for periodic renewal of licenses and for
subcategories of vehicles that need to be harmonized more fully in order to
contribute to the implementation of Community policies.
Traffic accidents are the leading cause of work-related deaths in
industrialized countries. The EU Directives set the requirements for initial
qualification and periodic training of professional drivers. The aim of this
paper is to present the national regulations in the Republic of Macedonia
regarding the training of beginner drivers and professional drivers, compared
to the EU directives.
Keywords - traffic safety; transportation; training and research;
education
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INTRODUCTION
Road traffic, with its advantages and drawbacks, has set up high
standards and a requirement that it itself be changed and adapted to this
traffic system. Road safety problems in our country have mobilized all
relevant entities in order to find ways to increase the safety of people who
are in contact with the traffic system.
At the beginning of this century, under the pressure of the public, work
began on the reform of the legal framework in the field of road safety. In the
process of preparing the draft and the final text of this legal act, in the media,
and wider, it was thought that one of the main reasons for the poor safety of
participants in the traffic: poor and unsuitable training of future drivers.
Driving school representatives claimed that driving schools always
performed their activities only in accordance with the normative frameworks
that were valid at the time of their performance, and that the basic conditions
for quality work of the driving school was the adoption of quality legal and
secondary legislation. It is obvious that we all awaited much of the adoption
of new regulations in this area. And did we achieve the desired and expected
results in the past period of implementation of these acts? This is a big
question, especially if we are not, why is that so?
The Law on Road Traffic Safety is a legal act in the field of road traffic,
and its task is to define in a clear and unambiguous manner the basic
concepts, which will define and clarify the obligations, rights and manner of
behavior of all entities related to this area.
PROCESS OF ENDORSEMENT OF LEGAL ACTS
Safety of road traffic is one of the core competencies of the Ministry of
Interior, taking into account the overall goals and values of modern
democratic societies. Namely, in accordance with the strategic determination
of the Government of the Republic of Macedonia for the full membership of
the country in the European Union, there is a need for harmonization of
national legislation with EU standards and principles in all spheres of social
life, especially establishing formal legal requirements for applying EU
standards and principles that apply in the field of road traffic.
In the process of drafting the law on traffic safety on roads, comparative
experiences, relevant laws of Germany, the French Republic, Slovenia and
Croatia were used, as the closest conditions, in which they were trained and
exercised their functions in the field of road safety, in order to solve
mentioned issues in accordance with the EU standards in force in this area,
and most of the provisions contained in the proposed law are an attempt to
address certain issues and problems that need to be addressed on the basis of
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the experience gained, in a way that would be appropriate in the appropriate
circumstances and needs of the Republic of Macedonia.
As regards the use of EU standards and principles, taking into account the
data presented in the National Program for the Adoption of EU Law chapter "14. Traffic policy", the expected legal solutions are to a large extent
in line with safety regulations or directives of road traffic, including:
1. Council Directive of 16 December 1991 on the approximation of the
laws of the Member States relating to the compulsory use of safety belts in
vehicles of less than 3,5 tones (91/671 / EEC) and Directive of the EU
Parliament and of the Council no. 2003/20 / EC of 8 April 2003 amending
the Council Directive. 91/671 / EEC on the approximation of laws of the
Member States relating to the mandatory use of safety belts in vehicles of
less than 3,5 tones and
2. Directive. 2006/126 / EC of the EU Parliament and of the Council of
20 December 2006 on driving licenses (Text with EEA relevance).
RESULTS OF THE LAW ENFORCEMENT
The implementation of training of the driver-candidate is performed by a
legal entity after receiving a license for driving schools from the Ministry of
Internal Affairs, when it meets the criteria prescribed by law; The work of
organizing and conducting driving tests for a candidate for driver is
performed by a legal entity after obtaining a license for the Examination
Center by the Ministry of Interior for a period of five years; The school
teaching program and first aid program for persons injured in accidents are
carried out by the auto school with expert lecturers (doctor of medicine)
through lectures, presentations and the like, carried out by the Macedonian
Red Cross or by health institutions licensed by the Ministry of Health.
The law entered into force, and if there were many provisions, which
were vague, but many and professionally incorrect. Upon the entry into force
of the Act, and until the date of its application, no sub-legal act was adopted,
let alone applied. In particular, we emphasize subordinate legislation related
to the training of drivers for drivers.
Conditions for training candidates for drivers in driving-schools
To perform training activities for driving candidates, auto school should
fulfill certain conditions for taking a license for work by the competent MOI,
which we will show.
Professional staff must be employed in driving-schools, including:
- A professional manager, with a valid driving license for A,B,C and D
category, with a license for a driver-instructor of at least the B category, with
License for a lecturer in the traffic rules and regulations (theoretical part);
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- Lecturer who fulfills the conditions: to have a driver-instructor license
of at least the B category and has a license for the lecturer (theoretical part),
to have at least the highest qualifications; and
- A driver instructor, with a driver-instructor license from the category he
is trained and to be a licensed driver-instructor.
SPATIAL CONDITIONS
Driving schools should have facilities for performing activities, such as:
- Equipped classrooms of at least 20 m² with video and audio
surveillance, equipped in a manner that ensures the conditions for carrying
out theoretical instruction for at least 12 candidates;
- arranged the space for the admission of candidates for drivers and work
for a professional driving school driver;
- Traffic polygon with video and audio surveillance in driving school
property or under the lease and to meet the requirements and corresponding
traffic-technical elements for carrying out the initial training to candidates
for practical training; and
- Teaching materials, tools and equipment for theoretical part, first aid for
injured in a traffic accident and software applications.
THE VEHICLE AND ITS EQUIPMENT
Driving school needs to have at least two of its own vehicles of category
B, while for other categories - one own vehicle or a vehicle leased. The
vehicle must be:
- equipped with double controls, except vehicles of category A, A1, D,
D1, F and G and vehicles for persons with disabilities;
- Equipped with a two-sided camera that enables video and audio tracks,
with the option of archiving and documenting the data recorded, and
- Equipped with two driving mirrors, on both sides in front of the vehicle.
The driving of a vehicle with manual transmission shall be subject to the
passing of a skills and behavior test taken on a vehicle with manual
transmission. The vehicles used in tests of skills and behavior shall comply
with the minimum criteria given below.
The special conditions that must be met by vehicles are not mentioned in
this rulebook, but they are mentioned in the driver's exam rules. The
practical part of the driver's exam is taken in the vehicle provided by the
driving school or the test center as follows (Table 1).
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Table 1. Vehicle conditions for driving exam
Category

type

A1
A2
A
B
BE
C1
C1E
C
CE
D1
D1E
D
DE
F (M, G)

Motorcycle
motorcycle
motorcycle
A four wheeled
combination
Lorry
Combination
Lorry
Combination
Bus
Combination
Bus
Combination
tractor

Motor Power
cm3 (kW)
120
400
25
600
40

Speed
Km/h
90

100
100
80
80
80
80
80
80
80
80

Mass
(kg)

4000
12000
20000
4000

Length width Trailer
(m)
(m) Mass (kg)
No
No
No
No
1000
5
No
8
1250
8
2,4
No
14
2,4
5
No
1250
10
2,4
No
2,4
1250
1500

Conditions for driving age for drivers at driving schools
Candidates for training on motor vehicles must have a minimum age of:
- 16 years for motor vehicles of category AM, A1 and F and D;
- 17 years for motor vehicles of category B;
- 18 for category A2, BE, C1 and C1E vehicles;
- 21 years for Category A, C, CE, D1 and D1E vehicles, and
- 24 years for vehicles of D, DE and the national category T.
To operate with the motor vehicle of category C1 and C, can obtain
driver who owns at least one year of driving license in category B; For
categories D or D1, can obtain driver aged 21, and at least two years of C or
C1; for BE, CE and DE or C1E and D1E category, at least one year of B, C
and D or C1 and D1; For A category, at least two years od A2 category, can
obtain the driver, aged 24. With the mobile machine, tricycles, light four
cycles, motor cultivators, engine-assisted cycles and mopeds can manage a
person with at least 16 years of age.
Teaching plan and training program
Driver training is a teaching process that is compulsory under the driver
training program. The teaching plan and training program for the training of
candidates for drivers of motor vehicles, motorcycle drivers and tractor
drivers consists of a theoretical and practical part. The curriculum for the
training of candidates for training candidates for work machine control,
motorcycle cultivators, bicycle with auxiliary motor and moped consists
only of the theoretical part.
The theoretical part of the training program for candidates consists of the
study of traffic signs, rules and regulations, as well as ethics and human
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behavior in traffic. The practical part of the training program, relates to the
performance of works with a motor vehicle, motorcycle or tractor, that are
important for successful and safe operations, of the rules in traffic and road
conditions, as well as to learn the technique and skill of driving.
Hour lessons for theoretical and for practical training are 45 minutes.
Over the course of a day the candidate can be trained by up to four hours
from the theoretical area, and up to two hours for practically training. The
total number of teaching hours for theoretical and practical training for
driving candidates is shown in Table 1.
Table 2. Total number of training hours for candidate training for driver
Category

A
A1
B
C (with C1)
C1
D (with D1)
D1
F (M, G)

Teaching hours
Theoretical
Practical
part
16
16
16
36
20
36 (47)
10 (4)
20 (4)
10
20
10 (4)
16 (4)
10
16
12 (12)
12

Category

A or A1 (with B)
B (with A or A1)
B+E
C+E (with C1+E)
C1+E
D+E (with C1+E)
D1+E
B (with FMG)

Teaching hours
Theoretical Practical part
4
4
4
4
4
4
4
8

8
8 (4)
8
8 (4)
8
24

DISCUSSION, GUIDANCE AND STANDARDS OF THE EU
Having regard to Directive 2006/126/EC of the European Parliament and
of the Council of 20/12/ 2006 on driving (for EEOs), the minimum
requirements for driving test are set for Member States to take the necessary
measures to ensure that driving license candidates possess the knowledge
and skills and exhibit the behavior necessary to manage a motor vehicle. The
tests set up in this regard must consist of: Theoretical exam, and test skills
and behavior during motor vehicle operation.
Content of the theory test concerning all vehicle categories
Questions must be asked on each of the points listed below, the content
and form of the questions being left to the discretion of each Member State:
Road traffic regulations; The driver; The road; Other road users; General
rules and regulations and other matters; precautions necessary when
alighting from the vehicle; Mechanical aspects with a bearing on road safety;
Vehicle safety equipment and, in particular, the use of seat-belts, head
restraints and child safety equipment; Rules regarding vehicle use in relation
to the environment.
Specific provisions concerning categories A1, A2 and A: Compulsory
check of general knowledge on: Use of protective outfit such as gloves,
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boots, clothes and safety helmet; Visibility of motorcycle riders for other
road users; Risk factors related to various road conditions; Mechanical
aspects with a bearing on road safety as laid down above, etc.
For categories C, CE, C1, C1E, D, DE, D1 and D1E: Rules on driving
hours and rest periods, on the harmonization of certain legislation relating to
road transport; use of the recording equipment in road transport; Type of
transport concerned: goods or passengers; Vehicle and transport documents
required for the national and international transport; Behavior in the event of
an accident; The precautions during the removal and replacement of wheels;
Rules on vehicle weights, dimensions and on speed limits; Obstruction of the
field of view; Reading a road map, route planning; Safety factors relating to
vehicle loading (C, CE, C1, C1E only); The driver's responsibility in respect
to the carriage of passengers; comfort and safety of passengers; Transport of
children; necessary checks before driving; (D, DE, D1, D1E only).
Compulsory check of general knowledge for C, CE, D and DE categories:
The principles of the construction and functioning of: internal combustion
engines, fluids, the fuel system, the electrical system, the ignition system, the
transmission system; Lubrication and antifreeze protection; Tires; The
principles of the types, operation, main parts, connection, use and day-to-day
maintenance of brake fittings and speed governors, and use of anti-lock
brakes and maintenance of coupling systems (CE, DE only); Preventive
maintenance of vehicles and necessary running repairs;
The Republic of Macedonia, in terms of the conditions used in tests of
skills and behavior, has harmonized the EU requirements. Member States of
EU may make provisions for more stringent criteria or add others.
Test of skills and behavior - practical part
Having regard to EU directive, are defined areas for testing for drivers:
Preparation and technical check of the vehicle with a bearing on road safety,
special maneuvers, Behavior in traffic. Based on the needs of each country
member of the EU, conditions are being set for training candidates.
Ex., in Germany, applicants for licenses have to attend 14 lessons for
category B, and 16 lessons for categories A, A2 and A1 of theory classes,
and at least 12 practical lessons of "special training rides". Theory classes,
for category B consist of 12 lessons "basic" and 2 hours of "class-specific"
content (each of 90 minutes) in the so-called 'Paternoster' process. The
content of basic material does not have to be different, i.e. a candidate could
theoretically hear 3 times the same lesson. Important for certification only is
the participation.
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However, the candidate has to attend the two lessons "class-specific"
content. When extending the license of the category AM to category B
applicants have to participate only in 6 hours of theory lessons.
Compared to practical classes, each driving student has to take part in 12
"special training rides" including 5 cross-country rides, 4 motorway rides
("Autobahn") and 3 rides at dawn or night time. In addition, the students
usually need some more previous lessons, called basic training. Those
"special training rides" have to be taken at the end of the training, when the
education is almost complete. Before, during and after the lessons, the
instructor also gives feedback and advice including an assessment of the
current training level. Additionally, the instructor teaches the student how
the vehicle works and how to avoid or correct technical errors.
On the basis of EU Directive 2003/59/EC on the initial qualification and
periodic training of drivers of certain road vehicles for the carriage of goods
or passengers, on the amendment of Council Regulation (EEC) No 3820/85
and Council Directive 91/439 / EEC and repealing Council Directive 76/914
/ EEC, initial qualifications must include the teaching of all subjects in the
list in section 1, with duration of 280 hours. Each trainee driver must drive
for at least 20 hours in the category of the vehicle concerned that meets the
minimum requirements for vehicle testing (Directive 91/439/EEC).
A trainee driver must be accompanied by an instructor, employed in an
approved training center. Each driver can drive a maximum 8 of 20 hours of
individual driving on a special terrain or a top-of-the-range simulator to test
rational driving on the basis of safety regulations, particularly with regard to
vehicle handling in different road conditions and mode to which they change
with different atmospheric conditions and the time of day or night.
For drivers who undertake transportation of goods that changes their
activity to carry passengers, or vice versa, the length of the initial
qualification must be 70 hours, including five hours of individual driving.
The length of the accelerated initial qualification must be 35 hours, including
two and a half hours of individual driving.
Truck drivers must drive an initial qualification that must be 140 hours, at
least 10 hours individually in a vehicle of the category in question which
meets the minimum requirements for testing vehicles as defined in Directive
91/439 / EEC. Each driver can drive for a maximum of eight hours of 10
hours of individual driving on a special field or on a top-of-the-range
simulator to check training in rational driving in different conditions.
Directive 2003/59/EU, prescribes the requirements for initial
qualifications and periodic training of professional drivers holding C or D
license. Drivers must take 35 hours of periodical training every 5 years to
maintain and update their skills.
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CONCLUSION
In Macedonia are registered and conduct training for drivers, about 140
driving schools, half of them only provide training for B category, while
others, except for the B category, conduct training for other categories. The
average monthly net salary in Macedonia is 7 times lower than Western
European countries, which approximates with Albania, Kosovo and Serbia,
then followed by Bosnia and Herzegovina, Montenegro, Croatia, etc. But, it
is known that prices for Driver training are the lowest in the region.
Professional drivers, need to be trained in other conditions, and other
teaching plan and training program, in relation to drivers beginners for the
respective categories.
Conditions for work are more stringent in relation to the law, which is
contrary to the principles of the state administration, and will in future be
difficult to implement and practically applicable; Many provisions are
unclear, and they are interpreted by the Ministry of Inner with internal
instructions, with regulations defined by regulations favoring the keeping of
records rather than the quality of training for drivers for drivers. The Law
and the Regulations define the compulsory theoretical training of the
candidate, whereby the candidate cannot be absent from time to time,
although everyone knows the teaching content of higher education
institutions can be independently processed, especially if it is known that this
is enabled by modern electronic communication.
The Rulebook on theoretical and practical training of candidates defines
the obligatory elaboration of teaching plan to such details to raise the
question of the autonomy and creativity of lecturers of theoretical lessons in
the performance of their activities.
We need much greater involvement and influence of the profession in
particular traffic experience and ability to quickly and efficiently assess the
vitality, rationality and cost-effectiveness of provisions by legal acts and
science (research, analysis, proposing and introduction of new scientific
methods into the technical process regulated by the law).
The traffic safety issues of the participants in the traffic are so important
that they need to devote much more continuous attention, and therefore we
suggest that this area, as mandatory, be transferred to the system of regular
and compulsory education of children and youth, ie pre-school, primary and
secondary education. If the entire field of training of candidates is not
transferred to a regular education system, then the method of gaining
theoretical knowledge should be liberalized, since this is also possible in
many higher educational institutions.
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Abstract
Traffic safety is a major issue problem for the most countries in the
world. Highly developed countries and countries in transition and reforms
take numerous measures to improve traffic safety by using all kind of
different methods and practices. World Health Organization (WHO) and
World Bank have given a recommendation to all the countries in the world
to establish a leading national agency for traffic safety, in order to put up the
level of traffic safety. The authors of this paper have thoroughly researched
well established leading agencies for traffic safety and their activities,
methods and practices for improving traffic safety. Therefore, in this paper
we are presenting an adapted working model or organizational structure of
the leading agency for traffic safety in the Republic of Macedonia. We hope
that this will help the country to organize the traffic and transportation
system, and put the traffic safety into priority.
Keywords - traffic safety; leading agency; model; organizational
structure
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INTRODUCTION
In the Republic of Macedonia, as in the most developing countries and
countries in transition in the world, the number of injured and killed people
are growing, as well as material damage in traffic accidents1. This is due to
the insufficiently developed awareness of the consequences of traffic
accidents, insufficient information and education of the population for traffic
safety. In theory, very little is contributing to the prudent management of the
traffic safety system, and also not practically applying all the relevant factors
and elements that influence and contribute to the occurrence of traffic
accidents. This situation adversely affects the development of the economy
of a country, the life and health of people, the environment and the whole
society. Therefore, there is a need to permanently and consistently carry out
research, diagnosis and problem solving, which is to provide conditions for a
high degree of road safety, where all participants in the traffic will feel the
benefits of the same. The current traffic and transportation system in the
Republic of Macedonia can be improved by applying various measures and
methods that contribute to increasing traffic safety. We consider that the
establishment of a leading national traffic safety agency with its activities,
goals and tasks will contribute to eliminating all harmful occurrences in the
traffic, and thus increasing the traffic safety.
TYPES OF MODELS FOR TRAFFIC SAFETY AGENCIES –
WORLD COUNTRIES EXPERIENCES
Different types of models of leading national traffic safety agencies can
be defined and act effectively, and efficiently manage traffic safety. The
following models of leading traffic safety agencies are established in
different countries in the world2: an autonomous self-financed leading
agency, a leading agency within the Ministry of Transport or the Ministry of
the Interior, an authoritative road traffic management agency and a standalone agency established by the Government. Each country in the world
needs to establish, ie identify a leading agency according to the capabilities
and capacities of the country. What will be the model of the leading agency
depends primarily on the territorial division by region of the country,
population, living standard, number of registered motor vehicles,
development of road infrastructure and industrial capacities, as well as the
availability of financial and human resources. Successful operation of a well1

http://www.global.status.report,road.safety.com
T. Bliss, J. Been, “Country Guidelines for the Conduct of Road Safety
Management Capacity Reviews and the Specification of Lead Agency Reforms”,
2009
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established traffic safety agency, according to the practice in highly
developed countries, would be an agency within the government sector, and
its safety management function in the road transport would be accepted and
fully supported by other government departments. This ensures adequate
funding, technical and human resources.
ORGANIZATIONAL STRUCTURE OF THE NATIONAL AGENCY FOR
ROAD SAFETY IN THE REPUBLIC OF MACEDONIA
After thorough research of the organizational structures and working
environments of the leading agencies for road safety in the countries
worldwide, we are proposing the following organizational structure of the
leading agency for road safety in the Republic of Macedonia. The leading
agency for road safety needs to be an independent agency, which will be
under the auspices of the Government of the Republic of Macedonia. The
establishment of the national agency for road safety, has to be done with a
decision of the Government of the Republic of Macedonia, where the
financing and the selection of the director would be brought to the side of the
Government. The agency needs to have a director, an assistant director and
managers responsible for the given sectors. All the staff, including the
director and managers, should be team players, be patient, tolerant, creative,
friendly, skilled and fast in solving problems that the agency would face.
The employees in the national agency would be in the domain of the
following areas: traffic engineers, mechanical engineers, IT experts, lawyers,
economists, etc. In general, graduated traffic engineers who are trained and
have knowledge in the field of road transport are primary in the work of the
national traffic safety agency.
After the establishment, the agency needs to have an employment
rulebook for the organization and systematization of job posts, which would
list all the rights and obligations, as well as tasks and activities of the
employees in the agency. Also, the agency would establish a board of
directors, composed of external and internal members, which would play a
role in making strategic decisions for improving the work of the agency for
traffic safety.
INDICATORS FOR OPERATIONAL LEVEL
In order to improve the road safety, the established agency for traffic safety
should have the following sectors or departments. Their main tasks and
activities are described below.
Sector for administrative, technical and financial service. This sector
should manage the basic work necessary for the functioning of the agency, ie
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arranging accounting, finances, computer and communication support, legal
operation, concluding contracts etc.
Department for collecting, updating and maintaining a database and
keeping a record of the current situation in the country for the number of
registered motor vehicles, trucks, buses, tractors, number of issued driver
licenses annually, number of revoked driving licenses per year, road
conditions and other.
Educational sector for drivers and citizens. This sector should organize
interactive educational workshops for children, young drivers, motorcyclists
and adults, organizing competitions, seminars, training in schools,
establishing children's and parent's clubs for traffic, etc. The sector would
also deal with educational programs designed for drivers who were deprived
of the driving license, as well as special programs for rehabilitation of
victims of road accidents.
The signaling and road infrastructure sector would deal with the research
and analysis of the horizontal and vertical signalization set up on the
territory of the Republic of Macedonia and the impact of the traffic
signalization on road safety, as well as the complete analysis and review of
the road network.
Department for research and analysis of traffic accidents. The tasks and
activities of this department will primarily focus on analysing the causes for
road accidents, for example, the places where the traffic accident happened,
the number of participants in traffic accidents, the number of injured and
killed persons, age and gender, the size of material damage in traffic
accidents, etc.
The sector for active and passive road safety will be dealing with the
research and development of vehicles constructions, their equipment and
devices for their safe management, ie factors for active safety of the driver,
vehicle, road and the road environment.
Marketing, monitoring and evaluation sector would actively work on
promoting traffic safety, using the programs of the national strategy and
action plan for improving road safety through active marketing campaigns,
on daily, monthly or yearly basis. The sector will also research the impact on
marketing campaigns on different road participants and their behavior.
Horizontal and vertical coordination and cooperation with institutions,
institutes, local communities, municipalities, governmental and nongovernmental organizations, at the national and international level, will be
the main tasks of the department for horizontal and vertical coordination and
cooperation. This department should deal with the improvement of the traffic
system management, which represents a social and economic growth.
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DISCUSSION
Our research for the working activities and organizational structure of the
traffic safety agencies shows that most countries have designated agencies
within government departments. The results show that this way of setting up
and functioning of an agency for traffic safety enables effective management
and control of the traffic system, which increases traffic safety and reduces
the number of killed and injured people in traffic accidents, ie the number of
traffic accidents decrease. We hope that our country will follow the example
and use practice and experiences from other countries that have well
established leading agency for traffic safety.
CONCLUSION
The established traffic safety agencies in the countries of the world actively
and very successfully operate worldwide and share their experiences and
practices, and point out the need for each country in the world to have its
own designated agency for traffic safety. We have written this paper in order
to point out the need for establishing an agency for traffic safety in the
Republic of Macedonia and to appeal to the competent institutions to take
the steps for defining it. We hope that in near future this will happen and a
stable, independent agency will be established, which will contribute to
increase traffic safety and bring Republic of Macedonia closer to the highly
developed countries in the world.
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Abstract
Technology development and the advancement of transportation vehicles
have increased the volume of goods carried, the cooperation between companies,
the fulfillment of customer requirements and communication between people.
These trends have put many challenges and demands on logistics companies to
provide better, faster, more efficient and safer services. Therefore, their focus
and demand is to find the best methodology to make this possible by purchasing
the best vehicles, selecting optimal travel routes, minimizing time, reducing
costs and optimizing the distribution process based on different conditions that
exist in the market - local and international. The paper is a study about beer
distribution, by analyzing the influencing parameters of transport and logistics,
in order to achieve the optimal results of the vehicles travel in pre-determined
routes. In order to achieve the best values of certain transport parameters, data
from the local company that deals with beer distribution was used. Certain
measurements of the relevant parameters during transport have been made, such
as: distances between distribution centers, the speeds achieved during
transportation, time spent driving during transport, the amount of load
transported, the various manipulative loading and unloading times. Also are
presented the cost data - the relevant prices from the logistics sector.
Keywords – transportation; distribution; influential parameters;
transportation
vehicles;
travel
routes
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INTRODUCTION
Transport of goods by transportation vehicles is a problem of organization of
transport and trade organizations, as a part of logistics and freight transportation.
With the development of technology and the advancement of vehicles,
transportation have improved relationships in business, as well as
communication opportunities among people. There are requirements for faster
transfer of information and goods, with as much quantity and quality as possible,
and increased safety requirements. In order to fulfill those requirements, new
vehicles are being created, better interstate relationships are established, and
servicing organizations are established to deliver services quickly and
efficiently. The purpose of the transport is not only reducing costs and speeding
up transportation, but also simplification and efficient economic organization of
transportation of goods in the path from the producer to the customer.[2], [5].
ANALYSIS OF GOODS DISTRIBUTION IN A COMPANY
Distribution of goods at trade centers by means of transport is a challenge of
work planning for manufacturing and trade companies, and it’s a part of logistics
and freight transportation. Efficient organization of distribution requires a good
planning of travel routes, good organization of warehouses, transportation
vehicles and vehicles fleet; having qualified personnel, as well as good
knowledge of expense calculations [1]. Regarding the distribution of goods,
which has been elaborated by literature based on the practice applied in
developed countries [3], [4], requires that the desired product reaches the
customer with less expenses, good timing, and have the desired quality of
packaging. In other words the organization of this sector is the basis for the
company's success. In our case it is a local company that deals with the
production and distribution of the beer product, and as such is a distribution
center which deals with the distribution of goods.
Input parameters of transport and routes– studied case
The Peja brewery production plant delivered a quantity of Beer in the amount
of 281 t in a two-week term, in three different points. Administration of this
factory required to carry this transport with 10 trucks, which have a carrying
capacity of Q = 4 t (Fig.2). The technical coefficient of the vehicles fleet isα1 =
0.82. This company works with one daily shift, 5 days a week. For this case,
during the survey of transportation, we have had the opportunity to perform
various characteristic measurements for the necessary calculations, and reached
recommendations about parameters and representation of results, which are:
1. Average speed in routes and distances, lost times, and working times,
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2. Inventory Works of vehicles fleet,
3. Work coefficients of vehicles fleet:
𝛌, Kst1, Ksd,
Vedhe Vs.
4. Productivity: WU, W'U , WQ dhe W'Q,
5. Productivity parameter is given in a tabular form, and in a form of diagrams,
based on the changes of the whole productivity, and the overall work
productivity, depending on the variations of the coefficients of the vehicle,
6. Price of transportation: based on length of road traveled (per km), basen on
weight carried (tons), and based on work accomplished (tons/km),
7. In tabular form is given the diagram of price variations based on goods/ton,
work accomplished – tons/km, and road traveled per km, depending on
variations of vehicles fleet coefficients,
8. Price of sale based on: inventory vehicle day, work vehicle day, vehicle hour
in work, road traveled per kilometer with goods.
Table 1. Input parameters of directions, distances and volume of goods transported

Routes
A–B
A–C
A–D

Distance (km)
29.8
77
107

Q (t)
68
87
126

ϒ
0.82
0.82
0.82

Fig.1. Graph of vehicle traveled routes based on measurements and data collection

Based on calculation of collected data necessary for usage of vehicles fleet,
calculations are processed for each coefficient and gained results are presented
in Table 2 [1],[3]. Data represents average values gained, based on numerous
measurements and counting’s in the field [7]:
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Table 2. Calculation and formulas of influential transportation parameters
Name of parameter

Result of
calculation

Formula for
calculation

Exploitation coefficient of vehicles fleet
Exploitation coefficient of vehicles fleet day
Exploitation coefficient of work time
Exploitation coefficient of travel distance
Nulti coefficient of road travelled
Exploitation speed (km/h)
Average travel speed (km/h)
Static coefficient of vehicle utilization
Dynamic coefficient of vehicle utilization
Average transportation distance for 1 ton of
cargo (km)
Average transportation distance with cargo
(km)
Average daily road accomplished (km)
(km)
Time loss during travel with cargo (h/trav)

(h/trav
)

Work productivity (t/hi)
Travel work productivity (tkm/h)
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Figure.2. Type of transportation vehicle-truck used for analysis – Mercedes
Atego 816 [10]
Work productivity of vehicle fleet - WQ and WU
Work productivity is accomplished transport operation or the quantity of
goods carried, accordingly the number of passengers carried by the working time
unit (working hours). Based on this definition work productivity can be
expressed through t/h (ton per hour) or tkm/h (ton kilometer per hour), which
also known as Travel work productivity. The formula for calculating the work
productivity expressed in t / h is [2], [7]:
(1)
The formula for calculating the travel work productivity expressed in tkm/h is:
(2), In Table 3 are presented values of work
productivity calculated by:

(3)

In this case, we have changed the values of the indicators - the different
coefficients of the exploitation of the vehicle, and gained values which give us a
clearer picture of where to make a change during the planning of the transfer of
goods in order to have the costs of transportation as small as possible. In Figure
3 is given the diagram of variations of Total Productivity - WQ for each
exploitation coefficient, based on Table 3, and curves are given based on the
trend of these values. In horizontal axes are given 5 values of each exploitation
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coefficient, and in vertical axes are results of WQ. Dotted line A-A represents
average value of total productivity WQ (t/h), as given in Table.2.
Table 3. Values of work productivity WQ (t/h) in relation with various coefficients of
exploitation of vehicles fleet
α
0
.4

0
.065

0
.5

.081

.6

.45

.098
.114

.55

.095

.9

0
.110

0
.49

0
.094

.082

.39

.090

0

0

0

0
.94

.29

.086

0
.053

0

0

0

0
.099

.082

.86

0
.19

0

0

0

0
.6

.82

.088

0
.078

0

0

0

0
.131

.083

.5

0
.78

0

0

0

0

0
.076

0

0

0
.7

0
.4

0

0

.8

q (t)

0
.138

0
.59

0
.166

0

0
2 .041
0
4 .081
0
6 .122
0
8 .162
1
0
.203

Vs
(km/h)
4
0
1
.076
4
0
6
.082
5
0
1
.087
5
0
6
.093
6
0
1
.098

3
6
9
2
5

Kstλ(
km)
7
0
.084
7
0
.081
7
0
.079
8
0
.077
8
0
.076

tdλ
(h/voz)
1
0
.6
.022
2
0
.1
.021
2
0
.6
.020
3
0
.1
.020
3
0
.6
.020

Values 4 and 5 of exploitation coefficients give best results for WQ. This
concludes that transportation of cargo with this type of trucks (Q = 4 tons)
should aim to these values for optimal transportation results. Based on the
calculations obtained, optimal value of Total productivity is WQ = 0.086 (t/h) is
shown with broken line A-A (Fig.3) [2], [9].
In Table 4 are presented values of travel work productivity Wu calculated by:
WU =
(tkm/hi)
(4)
Based on Formula (4) and methodology of analysis given above for WQ, in
Table.4 are given results of WU(tkm/hi), in relation with each exploitation
coefficient. For analysis purposes are appropriated also 5 values for each
parameter. Results in Table.4 give us a clearer view of where we need to make a
change when planning the transport of cargo in order to have the costs of
transportation as less as possible.
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Fig. 3. Diagram of variations of Total productivity WQin relation with exploitation
coefficients of vehicles fleet
Table 4. Values of travel work productivity W U (tkm/h) in relation with exploitation
coefficients of vehicles fleet
α
0
.4

0
.065

0
.5

.081

.6

.45

.098
.114

.55

.095

.9

0
.110

0
.49

0
.094

.082

.39

.090

0

0

0

0
.94

.29

.086

0
.053

0

0

0

0
.099

.082

.86

0
.19

0

0

0

0
.6

.82

.088

0
.078

0

0

0

0
.131

.083

.5

0
.78

0

0

0

0

0
.076

0

0

0
.7

0
.4

0

0

.8

q (t)

0
.138

0
.59

0
.166

0

0
2 .041
0
4 .081
0
6 .122
0
8 .162
1
0
.203

Vs
(km/h)
4
0
1
.076
4
0
6
.082
5
0
1
.087
5
0
6
.093
6
0
1
.098

3
6
9
2
5

Kstλ(
km)
7
0
.084
7
0
.081
7
0
.079
8
0
.077
8
0
.076

tdλ
(h/voz)
1
0
.6
.022
2
0
.1
.021
2
0
.6
.020
3
0
.1
.020
3
0
.6
.020

In Fig.4 are given diagrams of variation of Total Productivity – WU, also
based on results in Table 4, for 5 values of each of 8 exploitation coefficients,
calculated from formula (2) .Curves in diagram are given based on the trend of
these values.
Similar to previous conclusions for WQ, and based on results in Table 4 and
Figure 7, values 5 and 6 of parameters gives best results for WU. This concludes
that transportation of cargo with this type of trucks (Q = 4 tons) should aim to
these values for optimal transportation results.Based on the calculations
obtained, optimal value of Total productivity is Wu = 6.4 (tkm/h), shown with
broken line A-A (Fig.4) [2], [9].
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Fig.4. Diagram of various values of Total productivity WUin relation with
exploitation coefficients of vehicles fleet .

Price of cargo transportation per ton Formula for the calculation of transportation price of the goods per ton
[2],[6]:

is

Coefficients in the formula are:
(€/hi) - Cost in € per inventory hours
- Cost in € per kilometer
In Table 5 are given results of cost price (€) for the transport of goods per ton
(€ / t), based on the calculation by the formula (5), depending on the different
values of the indicators - the coefficients of the exploitation of the vehicle fleet.
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Table 5. Price per ton of transported cargo, depending on different values of the
indicators - the coefficients of the exploitation of the vehicle fleet
α
0
.4
.5
.6
.7
.8

4
80.46
0
4
33.54
0
4
02.25
0
3
79.69
0
3
63.15

q (t)
0
.4
0
.45
0
.5
0
.55
0
.6

4
57.62
4
25.13
3
89.14
3
59.69
3
35.15

0
.78

4
62.3

0
.82

4
33.4

0
.86

4
16.7

0
.49

3
75.6

33.4

.39

90.1

4

0

3

0
.94

.29

19.0

4
67.7

0

4

0
.9

0
.19

4
06.8

0
.59

4
00.3

0

8
2 66.9
4
4 33.4
2
6 88.9
2
8 16.7
1
1
73.3

Vs
(km/h)
4
4
1
55.4
4
4
6
39.6
5
4
1
27.0
5
4
6
16.7
6
4
1
08.0

3
6
9
2
5

Kstλ(
km)
7
4
19.4
7
4
33.9
7
4
48.5
8
4
63.0
8
4
77.6

tdλ
(h/voz)
1
4
.6
19.9
2
4
.1
36.1
2
4
.6
52.2
3
4
.1
68.4
3
4
.6
84.5

Figure 5. Variations of price per ton of transported cargo depending on the variation
of indicators of the exploitation of the vehicle fleet -

In Fig. 5 is given the diagram of price per ton of transported cargo– υQ(€/t)
for 6 values of each influential indicator- coefficients of the exploitation, also
based on results in Table 5, and curves are given based on the trend of these
values.
Price of cargo transportation per kilometer Formula for the calculating of the transportation price of the goods per
kilometer is [2], [6]:
(6)
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By changing the values of vehicle utilization indicators we gain different
values of
which enables us, after comparison and analysis, to choose methods
- routes that will be more cost-effective. Values obtained are presented in Table
6, and in the form of diagram in Figure 6.
In Fig.6 is given a diagram of price per ton of transported cargo – υAK(€/km)
as a summary of results presented in Table.6, for 5 values of each coefficient of
the exploitation.Based on the calculations obtained, optimal value is υQ ≈ 7
(€/km), shown with broken line A-A.
Table 6.Variations of price per kilometer of transported cargo depending on the
change of the indicators of the exploitation of the vehicle fleet
0
.4
0
.5
0
.6
0
.7
0
.8

22.
36
18.
84
16.
49
15.
20
13.
55

0.
19
0.
29
0.
39
0.
49
0.
59

26.
26
18.
84
15.
23
13.
09
11.
67

8.

0.
08

4

19

45

6
8.

0.
40

5

1
8.

0.
51

55

6
8.

0.
6

1
8.

0.

62

1

Vs (km/h)
8.
4
51
8.
4
19
7.
5
97
7.
5
76
7.
6
65

3
6
9
2
5

Kstλ(km)
8.
7
3
8.
7
19
8.
7
18
8.
8
08
8.
8
07

.6
.1
.6
.1
.6

tdλ (h/voz)
7
1
.97
8
2
.3
8
2
.62
8
3
.83
9
3
.16

Figure 6. Variations of price per km of transported cargo depending on the
change of the coefficients of exploitation of the vehicle fleet -
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CALCULATION OF TRANSPORTATION COSTS
One of the many tasks of logistics is the calculation of transportation costs
for the goods or travelers to be transported. This preliminary calculation based
on the results obtained from the various characteristic indicators of the
exploitation enables us to have a more realistic view of the costs of
transportation, and whether it is the optimal choice methodology or should be
changed. For the actual case, results of calculations of various exploitation
coefficients of vehicles fleet in relation with transportation costs are given in
Table.7. Based on the data obtained, results of calculations of the income per
unit of transport can be achieved according to the formula [2], [7], [9]:
(7)
Table 7. Indicators for calculation of transportation costs
N

Indicator

Value

1
2
3
4
5
6
7
8

Inventory vehicle fleet days (days)
Vehicle fleet days in work (days)
Total length traveled (km)
Total length traveled of vehicles with cargo (km)
Amount of carried (Transported) cargo (kg)
Accomplished transportation work (kg·km)
Inventory vehicle fleet hours for transportation vehicles (h)
Hours of work (h)

o.

After replacing the respective values, results of the income are:
(8)
Based on this calculation, other calculations of data per unit of work can be
done. This is obtained by calculating the ratio between the revenue and the
indicator of use of the vehicle fleet. Based on the above presented data, it can be
presented the characteristic data depending on the indicator of the exploitation of
the vehicle fleet, expressed per unit of work in monetary value in Euro (€).

nventory days expressed in Euro (€) - represents the ratio between the
revenue and inventory days of the vehicle fleet. This is calculated according
to the formula:
(9)


I

W
ork days expressed in Euro (€) – Represents the ratio between income and
days capable of work of the vehicle fleet:
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(10)
 Kilometers per travel times expressed in Euro (€) - represents the ratio
between the revenue and the total vehicle fleet route:
(11)
 Kilometers per travel with cargo expressed in Euros (€) - represents the ratio
between the revenue and the total vehicle fleet route with cargo. This is
calculated according to the formula:
(12)
 Tons per carried cargo expressed in Euro (€) - represents the ratio between the
incomes and the entire load carried:
(13)
 Tons per kilometer expressed in Euro (€) - represents the ratio between the
income and the realized cargo transport work of the vehicle fleet:
(14)
 Inventory hours expressed in Euro (€) - represents the ratio between the
revenue and the inventory hours of the vehicle fleet.
(15)
 Work hours expressed in Euro (€) - represents the ratio between the
revenue and the work hours of the vehicle fleet.
(16)
Based on the values obtained from the preliminary calculations, according to
the respective formulas, can be obtained values of price of revenues of
transportation service per work unit which are presented in the Table 8 below.
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Table8. Price of revenue for work unit
No.
1
2
3
4
5
6
8

Indicator
Inventory days (
)
Work days (
)
Kilometers per travel time (
)
Kilometers for travel with cargo (
Tons per carried cargo (load) ( )
Ton per kilometers ( )
Inventory hours (
)
Work hours (
)

)

Price - (euro) €
872.08
1744.14
8.32
18.84
434.57
5.75
36.34
246.98

CONCLUSIONS
The case studied in this work deals with transport of goods from the
production facility to three distribution centers. Authors have presented results
for the main influencing parameters of transport of beer with particular
transportation vehicle. From the calculations and results gained, it can be
concluded that there is space for improvement of the transportation process in
order to reduce costs.
Based on results, there is an importance for improvement of these
parameters: - Exploitation coefficient of travel distance β = 0.441 is low. It is
possible to increase it by loading trucks during return trip. - Static coefficient of
vehicle utilization γ=0.823, and Dynamic coefficient of vehicle utilization
ε=0.819 can be increased for 5%-10%. Results of these coefficients means that
vehicle is not loaded with its full loading space and capacity. - Exploitation
coefficient of work time δ = 0.651 can increase with shortening the time of
loading and unloading of trucks, and time of road travel in a route. -Time loss
during travel with cargo is
(h/trav). It should be decreased with
decrease of stoppage times, avoiding peak traffic times and traffic congestion. Exploitation speed is Ve = 29.67 km/h. This could be increased with decrease of
times during travel with cargo and return empty travel. This process can be
reviewed by the offered methodology of the transport company, as this company
is contracted by the Beer Factory. It should find transport methods in order to
reduce the price of the supply for transportation and thus influence in the
formation of the best final price of this product. This is also the demand of the
brewing factory. Based on Conclusion about the necessity of increase of
exploitation coefficients as influential parameters mentioned above, it is possible
that transportation costs can be reduced, which could give positive effects in
decrease of the price of beer delivered to final consumer.
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Abstract
Logistics information systems (LIS) are highly significant for the
efficient management of any system, especially if a logistics subsystem in
which the movement of goods is the dominant activity is involved. This
paper demonstrates the basis of the development of a new logistics
information system for the needs of an international transportation company.
Previously, a research which pertained to the analysis of the management of
the company at hand with a focus on the application of a logistics
information system was conducted. The research demonstrated that the
implementation of numerous autonomous maintenance systems and the use
of the latest driving units yields larger savings. Regardless of the generated
savings, the company still confronts expenses which are caused exclusively
by the human factor in all five sectors of the company. In order to remedy
the omissions under consideration, the company commenced the realization
of the development of a unique information system which will unite all the
sectors involved in the management of the transportation company into one
whole. These sectors range from the organization of the transportation
process to the sectors in charge of tracking even the lowest expenditures per
driving unit. The paper shows how the functioning of the given LIS and the
possibilities which are created by the development and implementation of
the system.
Keywords
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INTRODUCTION
The aim of the complete supply chain according to [1] is finding an optimum
from the aspect of all participants, which is a rather complex task. In this
matter, while doing the logistics activities and processes, it is necessary to
make rationalization which, according to [2] can very much influence the
competitive position of the company, where, according to [3] the
transportation is the most important logistics activity. Besides, the
transportation system in the structure of total logistics expenses, has the
biggest share, and it is around 40% in terms of percentage, [4] however,
there are cases where the percentage is much bigger. Nowadays, according
to [5], an efficient management is impossible without the knowledge based
on logistics, logistics personnel and information technologies which make an
integrated system, called the logistics information system. According to [6],
considering the systematic approach, the logistics information system is
defined as the set of methods, processes and operations for collecting,
keeping, processing, transporting and distribution of data as part of the
particular logistics organization, including the equipment which is necessary
to use for that purpose, as well as the qualified personnel doing those
activities. A constructed information system according to [7], represents the
key logistic element in the supply chain in both profit or non-profit
organisations. About objectives of LIS testifies [8], which also discusses the
contribution of LIS to decision-making, whether strategic or operational.
According to the same source, LIS is communicating through all levels of
logistics services and the overall level of end-user service depends on the
functioning of LIS. According to [9] in modern times and the realities of the
market economy, information is increasingly considered one of the most
important factors in the proper management and operation of the company.
The Transport Management System (TMS) according to [10] is a software
solution that enables a short planning time and optimization of transport
activities, resources, resources, and execution of transport plans.
In this paper, we described the development of a new logistics information
system for a transportation company on the basis of the previously done
detailed analysis. Moreover, the possibilities of its implementation in a
transportation company are shown. One of its biggest advantages, beside the
optimization of all the subsystems in the company, is its universal use. So,
the new logistics information system can be applicable in every
transportation company.
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THE NEED FOR DEVELOPMENT OF
THE NEW LOGISTICS INFORMATION SYSTEM
In the previous research [11], dealing with the analysis of management of the
transportation company ACTROS, the current logistics information system
which is being used is shown. In the same research, the need for the
development of a new system is noticed, because the current one does not
satisfy all the needs that the company has.The idea for this logistics
information system started by insight into the repeated mistakes by the
human factor in this transportation company. The mistakes were mostly
forgetting things or informing drivers too late, as well as the complicated
insight into all the necessary data which takes so much time. In the further
text, the functions of this logistics information system are described.
TRUCKING MANAGER
Organizing transportation makes one of the key items of successful
management of a transportation company. Each final decision of organizer
of the transportation process should meet many criteria in order to choose an
optimal solution. Because of a great complexity of all the factors which
influence making final decision, the organization dictates the whole
transportation process from the beginning to the end.The organizers
employed in bigger companies get too many information every day which
sometimes results with omissions which can cost time and money as well.
Trucking Manager is a Logistics program which has a goal of optimizing
costs of organizing transportation processes, as well as elimination of
potential mistakes of organizers of the transportation processes.This program
is based on more operative parts that are mutually connected because of the
withdrawal of information from one sector to the other. The program is
based on the simplicity of management, a good layout of all the necessary
information, as well as on the automation of suggestions which can become
decisions after the checking of the employer. All of this is accompanied by a
detailed financial analysis.
THE FIRST PART OF THE PROGRAM – GARAGE
Garage – one of the most important parts of the program has the aim of
registering the whole motor pool, work personnel, necessary documents as
well as the work plan for the current and the subsequent workweek. Every
employer, at the beginning of the use of this program, needs to enter the
number of driving units, types of driving units and their significant details,
which can be obligatory – details which are drawn into automation by the
program, when forming suggestions, and unobligatory – details which are
needed by the users of this program. A user of this program can, by clicking
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on any of the driving units, get all the information in one place, and one of
the more important items will be the consumption of the vehicle, which will
be updated automatically after every transportation process. On the basis of
practical examples of the transportation companies, at the beginning, the
organizer of the transportation will form groups (vehicle/s + driver +
documents) or they can simply stay unlocked for every type of
combinations. After defining the manner of functioning of the motor pool, it
is necessary to enter relations which are at disposal and of course define the
criteria for every individual relation, which will later be dictated to the
program when forming suggestions.
The criteria set for every relation must correspond to the characteristics of
the vehicle, which functions this way: more correspondence, more points for
that combination. The system which will form the suggestions will be based
on the "phase method" so that the suggestions will be optimal. In this part of
the program, except for the forming of suggestions and accessibility of
certain data, there will also be a card with notes, for example, the asking for
leave of some drivers for the certain time interval, reminders for the
necessary registrations of the vehicles, as well as the reminders for the
necessary servicing of the vehicles. This part of the program is directly
connected with the part of the program "Vehicles in operation". The figure 1
shows the part of the motor pool of a company where each vehicle is marked
by one color, for example, red – vehicle not in operation, green – vehicle in
operation, blue – vehicle in operation but currently resting.

Fig. 1. Motor pool in the card Garage

Vehicles in operation
In this part of the program, all the vehicles which are doing some kind of
transportation process are shown. This part of the program is directly
connected with another program intended for "GPS vehicle tracking". Every
other vehicle with a confirmed route, will mark all the movements by the
GPS marker, on the same route and outside the same route as well, so that
after the transportation process is done, all the "real kilometres" can be
summed up. By clicking on any vehicle, a window will open, containing the
figure of the vehicle, 2D animation of the freight platform, as well as the
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necessary data - driver, working hours, remained kilometres, expected time
of coming, including the obligatory breaks according to the regulations on
crew work. By clicking on the 2D animation, a new window will open, with
a symbolic illustration of the logistics units in the freight platform. By
clicking on some of the logistics units, all the necessary goods data will be
shown, such as type of goods, weight, sender, receiver, documents, freight
forwarding businesses. All of this should result in saving time of work of a
transportation organizer.

Fig. 2. Vehicles in operation

Services
A mechanical failure of a driving unit, as one of the risks in each
transportation company, can often make lots of problems which require a
quick intervention and a fast way of dealing with this kind of problem.
Practically, in case of a failure of a vehicle and if the failure cannot be
eliminated on-the-spot by the driver, it is necessary for a service technician
to intervene. In the international road transportation, the services of an
authorized foreign service shop are enormously expensive. In order to avoid
such types of expenses, this program will enable the illustration of all the
authorized and unauthorized service shops. By clicking on some of the given
service shops, a window with all the necessary data will open, so that it can
be contacted to arrange a potential intervention on-the-spot or a
transportation of an out of order vehicle to their shop.
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Fig. 3. Service locator.

Data base
One of the items of this program will be the data base of all the prepared
relations that a transportation company has worked off. Each time a relation
is marked as done, it will be stored with all the necessary data. When a user
opens some of the relations, all those data will be shown, for example, which
goods were transported, how many kilometres is the relation long, what are
the expenses by that relation, which vehicle did the given transportation and
at what price. All of these data are directly connected to the card Finances.

Finances
The final part of the program (finances) makes a very important item of this
program. In this part of the program each completed relation will be shown
with a detailed analysis, such as: how much is spent on road-tolls, how much
on the propellent, how much are the earnings of the drivers on this relation,
and at what price is certain transportation done, so that the final amount will
be gotten which would actually represent the profit. All of these data will be
accessible in separate levels for each relation, week-, month- and year-levels
for certain driving unit. By this part of the program, we will get a realistic
illustration of productivity of driving units in certain transportation company
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which will definitely influence the future decisions in management in order
to avoid the unwanted money loss.

Fig. 4. Summing up of all the information in the Data base

CONCLUSION
We can make a conclusion that the program will be very functional because
of the help with making decisions, organizing driving unis, registering them,
as well as avoiding the potential omissions caused by the human factor. All
of this will result in greater time saving and better and easier approach to the
necessary data in a specific situation. Finally, a user of this program will
have a detailed insight into productivity of his driving units, as well as the
balance of conditions and achievements, according to which he will be able
to influence his own management style in order to increase productivity. The
aim of this program is mostly elimination of human mistakes and avoiding
the unnecessary loss of profit due to many failures.
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Abstract
With the development of modern transport technologies, many innovative
solutions were proposed for manipulating containers in container
terminals.Container terminals represent spaces equipped with appropriate
mechanization for fast and safe manipulation of containers. In large ports,
road and railway nodes, distribution centers, as well as in the transport and
transport centers, such container terminals are dimensioned and organized.
The purpose of these innovative solutions is to increase the participation
of intermodal transport in the overall transport process. However, only few
of the proposed solutions have a perspective for wider application and range
ofhandling areas in container terminals. In this paper we present the
characteristics and advantages of modern solutions when manipulating
containers in container terminals.
Keywords – containers; container terminals; modern solutions

INTRODUCTION
The shipping and manipulation of goods with containers is nowadays
done very quickly and simply. In order to be competitive on the world
market, modern transport technologies must be constantly developed, as well
as constantly investing in innovative solutions in the development of
container terminals, i.e. their equipping with modern loading means for
increased productivity and efficiency.
The technological development and automation of the container terminals
significantly contributes to the reduction of costs, the need of direct
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executors, and contributes to improving the quality of container shipping.
Modern transport manipulative solutions in container terminals enable better
organization of the entire transport process from receipt to delivery of goods
placed in containers.
The beginning of automated vehicle operation is linked to the
achievement of the American firm "Barrett Vehicle Systems", which for the
first time in 1953 managed to automate one towing vehicle. A major boost to
development was also а progress in regards to energy sources for automated
vehicles, and also the progress and achievement of computer and IT
technologies. A big the momentum in the application of these vehicles began
in the 1970’s when Volvo implemented a system of 280 auto-run vehicles in
the car assembly process [1].
Container terminals in Japan mostly use mobile jacks, high-speed
bridges, portal hoists, and small and large service radius for manipulating
containers[1].
AUTOMATIC VEHICLES
Automatic vehicles, represent computer controlled, mostly electrically
driven vehicles without drivers. The use of these vehicles nowadays is quite
common in warehouses, distribution centers and terminals. The use of these
vehicles provides new development concepts in container terminals, as well
as bigger efficiency. The effects of using these vehicles are best seen in the
simple handling of containers, reducing fuel consumption, and reducing the
time of initial finishing operations.
The Container Terminal in Los Angeles, (USA) belongs in the group of
the most modern and most equipped container terminals with automatically
guided vehicles. In this container terminal, transport manipulative operations
are performed at the highest level, applying the highest world standards.
When handling the containers, after the container is placed on the
transmission machinery, this mechanization is further managed by the
logistics center of the terminal, which uses thousands of magnetic and laser
sensors, as well as GPS control technologies.
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Fig.1.Automatic vehicles
Source: https://www.youtube.com/watch?v=UVmJJCrJRPA, 12.05.2016 [5].

The trucks entering the container terminal immediately park at the place
where the containers are to be taken over. Manipulation of the containers is
done through a wide-range transmission equipment. The driver, after parking
the vehicle, leaves the vehicle, i.e it must be outside the gravitational area of
service of the transmission machinery, which service area is completely
covered with laser beams and sensors, which constantly send and receive
information from the logistics center in the terminal.

Fig.2. Automatic reloading of containers
Source: http://www.prometna-zona.com/dizalice-i-prijenosnici/, 10.05.2016 [6].

With the introduction of automated vehicles, a qualitative progress is
made in the automation of transport operations in warehousing processes,
commodity transport centers, production lines and terminals. This wide
range of applications for automated water vehicles allows the application of
a wide range of technical and operational solutions.
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SHIPPING OF RAILWAY CONTAINERS
Today, 85-90% [1] of the goods are transported in containers, using
maritime traffic, while about 26% [1] of those containers originate from
China. More than 40% [1] of the containers are loaded or shipped from the
railway terminals. Container terminals usually have direct rail lines for the
import and export of containers. This is especially important because rail
transport is carried out at a lower price than the road transport.

Fig.3. Transport of containers by rail
Source: https://www.youtube.com/watch?v=UVmJJCrJRPA, 12.05.2016 [5].

CATEGORY MANIPULATORS - TRANSMITTERS
For manipulating containers, loading and unloading of vehicles, as well
as disposing of the terminals, different types of manipulators are used.
Manipulators can be small and with a large radius of service. With the help
of these manipulators, it is possible to manipulate containers of 20 to 40 ft.
Basic characteristics of small service radius: servicing of containers from 20
to 40 ft, lifting speed 9 m / min, empty 10 m / min,[2]. Different types of
intake devices, as well as telescopic intake systems, are used to volume up
the container.
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Fig.4. Low-speed portable transmission
Source: Belamarić G .: Container transportation technology, Faculty of Maritime
Studies in Split, University of Split, Split, 2011[2].

Container bridge cranes move along rails, which are built into the port
terminal, parallel to the load- unload line. Gaskets are built on the cranes,
which automatically engage the container. These container cranes can be up
to 90 meters high [3], and heavy to 700 tones [3]. The service radius of these
bridge cranes ranges from 25 to 45 meters [3]. Apart from these container
cranes, mobile containers also play a significant role in container terminals
SYSTEM FOR THE FORMATION OF CONTAINER TRAINS
The MegaHub Container Traction System provides containers that arrive
with trains and have different destinations, sort and reload in other trains,
according to their destination. The main feature of this concept is that the
process of regrouping the containers takes place through reloading and not
through maneuvering [4].
As a result of this system, a much shorter time for train management,
lower transmission costs and much more efficient land use is provided. The
transport of containers is carried out with electric drive and semi-automatic
cantilever cranes, which cover the service area, which allows simultaneous
servicing of six trains. The transport of small containers is carried out by
moving the crane, while the transporter of containers between the longdistance trains of the terminal is carried out with linear cars, which can be
moved together and through the sorting area.
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Fig.5. System for the formation of container trains
Source: https://www.youtube.com/watch?v=UVmJJCrJRPA, 12.05.2016 [5].

MULTIMODAL NODES - TERMINALS FOR EXCHANGE OF CARGO
IN THE REPUBLIC OF MACEDONIA
With the SEE Memorandum of Understanding signed in June 2004, the
Republic of Macedonia became involved in the promotion and development
of regional and international transport of goods and passengers, that is to the
multimodal transport network. Thus the need for development of multimodal
nodes for interconnection and transhipment of transported goods becomes a
condition for functional and efficient transport logistics.
In the long run, intermodal transport of air freight transport (cargo) will
increase. The lack of rail links with the Republic of Albania and the
Republic of Bulgaria is a major obstacle to increasing exports to foreign
markets, not only to neighboring countries, but also to the region of Eastern
Europe (Russia, Belarus, Ukraine ...), Turkey and the Caucasus.
The strategy also defines the criteria for determining the possible
locations of multimodal nodes such as: - Promoting the development of
industry, agriculture and tourism; - Placement of the main transport axes of
SEE, especially at the crossroads between the corridors; - Reducing the
negative impact of the unfinished implementation of Corridor VIII; Reduction of transport costs, especially for imports and exports; - Promoting
strategic connections with neighboring countries. In cooperation with the
private
sector,
the
Republic
of
Macedonia
will
[8]:
• promote and facilitate the construction of multimodal nodes in Skopje
(there is already one multimodal node in Skopje-Tovarna, which should be
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modified), Strumica (Novo Selo), Bitola and Struga on the basis of reference
comparative and feasibility studies
• studied the possibility of connecting the Republic of Macedonia and the
Republic of Albania with a railway line between Struga and Perenj, having
in mind the following advantages:
o Lower construction costs compared to the completion of the railway
Corridor VIII,
o Enabling multimodal connection to the port in Durres.
• Study the possibility of connecting the Republic of Macedonia and the
Republic of Bulgaria with a railway line between the city of Strumica (or
Novo Selo) and Petrich, taking into account the following advantages:
o Lower costs for the construction of a flat terrain,
o Connecting with the ports in Burgas and Varna, o Connecting with
Corridor IV in the Republic of Bulgaria [8].

Fig.6. Freight Station Skopje
Source:http://build.mk/zheleznichkata-stanitsa-tovarna-skopje/ [7]

CONCLUSION
Technical and technological development has great influence on the
increase of the capacities of the container terminals, as well as the increase
in the volume of manipulation of the containers. The application of the new
technical solutions, when manipulating the containers, enables the
acceleration of transport manipulative operations, reliable and mass transport
at much lower prices, as well as the reduction of the time of the transshipped
operations. In the future, a significant increase in the carriage of goods with
containers is expected, which on the other hand means the need for
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investments and development of new technological solutions when
manipulating the containers in the container terminals.
Тhe selection of appropriate overloading machinery, for manipulating
containers is of great importance for the functioning of the container
terminals. Introducing the information solutions in the container terminals
will significantly improve the overall operation of the terminals. As the
ultimate effect of all these solutions, it will enable fast acceptance and
delivery of containers in container terminals.
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Abstract
The modern society is based on tested strategies in all spheres of its
existence. Those strategies are reflected in everything, among which we include
the strategy of waste management systems which make the society profitable
and sustainable. Adequate waste management represents one of the major
challenges that all urban environments are facing. It is necessary to manage this
system in a way that will provide additional values, enable selective separation
and recycling. Unfortunately, in this region this is rare, or a small percentage of
waste is recycled. Therefore, the purpose of this research is to analyze the
current situation in waste management systems and green logistics in the
municipality of Tešanj. The residents are part of the interest group, which in
deed has a lot of influence on the efficiency of this system, so the emphasis in
this research is precisely on that group. The process of gathering data is done
selectively through a survey that was organized online. The analysis of the
collected data confirmed that a large number of citizens take care of their waste,
but also that there are certain problems which are reflected due to the absence of
infrastructure, as well as the improvement of cooperation between the citizens
and the utility company „RAD“ d.d. Tešanj with the municipality Tešanj as the
local intermediator authority.
Keywords - Waste management system; solid waste; logistics
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INTRODUCTION
Reverse Logistics deals with the management and organization of reverse
goods flows. In recent times, attention is increasingly devoted to return flows
due to rising environmental awareness and environmental interest [1].Waste
management is one of the reverse logistics channels whose management has a
huge impact on all participants. Waste represents a direct consequence of the
economic growth of society, while its quantity is a direct indicator of the
development of its society [2]. Numerous studies have shown that there is a
huge gap between developed countries and countries in transition, and in terms
of solving problems in municipal waste management, with particular emphasis
on solid waste [3]. According to Jiang, H (2017)[4] one of the way to improve
the system of collecting municipal waste is to change the traditional way of
thinking of the population. The same thing has been done in Tešanj in recent
time. That has leadto good improvements in the society.Waste management is a
complex process that involves the application of technology and various
procedures [5]. According to Sobotka, A (2017) every year waste management
is a growing problem for many countries in Europe. The waste structure differs
in individual European countries, but it is a social and economic issue.[6] This
is also a common topic in many places in Bosnia and Herzegovina just as it is in
Tešanj. It is necessary to make rationalization of all logistic processes [7], and
thus it is possible to achieve both ecological and economic benefits in the
management of waste materials. This, actually, was done in a way in Tešanj
where an organized collection of PET packaging appears. According to the
available data, the number of beneficiaries covered by the system of organized
waste collection in the municipality of Tešanj has been increased and even from
distant places outside the central area of Tešanj [8]According to Damjanić, Z
(2016)[9] one of the best ways to find out how a society deals with waste
management is by a survey. The same thing was done in Tešanj also.
Approximately 400 citizens of Tešanj municipality responded to the survey.
The results have shown that citizens are to some extent satisfied with the
cleanliness and utility of municipal waste, but that certain difficulties arise and
need to be addressed by educating and raising awareness of citizenship.
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MUNICIPAL WASTE MANAGEMENT SYSTEM IN THE MUNICIPALITY
OF TEŠANJ
Public Utility Company "RAD" DD TEŠANJ
The basic information about JKP "RAD" d.d. Tešanj was obtained through a
direct discussion with the management staff of the company. Basic information
on the main collector of municipal waste in the municipality of Tešanj was
presented. Utility company "RAD" d.d. Tešanj was founded in 1977 [10]. In
addition to the collection of municipal waste and the concern for municipal
cleanliness in the municipality of Tešanj, the company also deals with waste
water management and winter cleaning and maintenance of roads in the
municipality of Tešanj. The company is organized in two sectors, the technical
sector and the economic and legal sector. The company is managed by the CEO
and two executive directors from both sectors. The company strives to improve
its services and to contribute to the development of the social community, i.e.
the municipality of Tešanj [11].
MUNICIPAL HYGIENE AND MUNICIPAL WASTE IN THE AREA OF
TEŠANJ MUNICIPALITY
As pointed out earlier, municipal waste and municipal hygiene in the
municipality Tešanj managed PUC "Rad" d.d Tešanj. Waste is collected from
households, and from industrial plants (industry). All local communities
belonging to the municipality of Tešanj are included in the process of collection
of municipal waste, except for local community Šije, where public company
"Vis" Doboj Jug performs collection of municipal waste. It is very important to
note that according to some preliminary data submitted by utility company
"RAD" d.d Tešanj, just over 50% of the population of Tešanj municipality is a
beneficiary of organized waste collection services. Until a few years ago, waste
collection in the municipality of Tešanj took place twice a week. This practice
has changed today, and collection takes place once a week. Settlements that
gravitate towards the urban part of Tešanj within 6 km like Jelah, Raduša,
Bukva, Vukovo have the largest number of users of the utility company "RAD"
d.d. Tešanj. Local authorities have launched a project to attract as many as
possible beneficiaries of organized waste collection services from all the local
communities in Tešanj municipality, and "the new user - the new stock" action
continues [12]. Action continues and its first month of activity has shown some
improvement, i.e. a slight increase in new service users of organized garbage
collection by utility company "Rad" d.d Tešanj. Waste disposal in the
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municipality Tešanj is done once a week from all local communities in the
municipality. The transfer time is from 07:00 am to 03:00 pm. A total of 4
vehicles participate in the process of municipal waste disposal in the area of
Tešanj municipality - "Daf" and "Scania" In the process of collecting municipal
waste, 10 people are engaged in the business.
MUNICIPAL WASTE CONTAINERS
In the municipality of Tešanj there is a total of 5529 vessels with a volume of
120 l. engaged in the collection system of municipal waste. These are so called
"Ordinary Green Cans" In addition to ordinary cans, 190 containers of 1100 l
volume are also in use. In the last couple of years, in cooperation with the
municipality of Tešanj, utility company "Rad" d.d Tešanj have also set up 25
recycling stations in the whole of the municipality where recycled paper and PET
packaging can be recycled. One of these is the recycling station shown in figure 1
below the text. Recycling stations are located mostly near major generators of
logistic flows in the municipality Tešanj, such as near schools, apartment
buildings, shopping centers and the like. Certain problems have arisen with the
vandalism of cans and containers, but the reactions of the competent authorities
have helped the issue to be resolved.

Fig.1. Recycling station in the settlement of Simetrale, Tešanj
Basic information on the municipal landfill "Bukva" were obtained during field
visits accompanied by municipal sanitary inspector. Landfill has been in use
since 1989 and an average of 7,000 tons per year waste is put down. Landfill is
ordinary, although it has the characteristics of sanitary landfill. The landfill also
has a protective fence, although at the time of field visits several persons were
present at the time of unloading waste from the truck as shown in Figure 2.
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Fig. 2. Municipal Utility Landfill "Bukva" Tešanj
EXAMINATION OF CITIZENS’ OPINIONS BY METHOD OF
INDIVIDUAL SAMPLES – POLL
After the data collection and on-site visits to the local landfill, the opinions
of citizens of the municipality of Tešanj concerning municipal waste were
examined in their local environment [13]. The survey was conducted in the
"google form" program and online data was collected through facebook and
local media. A total of 372 persons of different ages and different
characteristics, such as sex, place of residence, degree of education participated
in the survey conducted in the period from 11/03 until the beginning of
December 2017. A greater number of respondents for a short time indicates that
this is a current issue which needs to pay more attention to, because it is an
integral part of community organization.
AGE OF RESPONDENTS
Figure 1 below shows that the number of respondents was predominantly
younger between the ages of 21 and 30 although there is a fairly good response
and other respondents of other ages. Expected, the smallest number of
respondents were older, and the reason for this is that there is a limited number
of older people using facebook and other online networks through which this
survey was shared.
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Chart - 1 Age of respondents

CLASSIFICATION OF HOUSEHOLD WASTE
When asked whether the respondents classified waste in their household, the
advantage was on a side of a person who does not classify waste, not those who
do, 43% as seen in the chart 2. When asked why respondents who responded
negatively not to separate waste, the vast majority declined to do so because of
the lack of recycling STATIONS in their vicinity as shown in Chart 3, that is,
the main reason is inadequate infrastructure. A small number of respondents
answered that they did not do it for reasons because they did not have time, and
the smallest number declined to do so because they felt that it was not necessary
to sort the waste.

Chart 2 - The ratio of those who sort the waste and those who do not.
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Chart 3 - The reason for not separating the municipal waste of the persons surveyed

TYPE OF CLASSIFIED WASTE
In Chart 4 below, it can be seen which type of waste is most classified by
citizens who have answered affirmative the previous question. The largest
number of citizens in the municipality of Tešanj sorts organic waste while
plastics and glass are in the second place. Paper / cardboard is in third place.

Chart 4 - Type of waste to be classified
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RECYCLING STATIONS IN TEŠANJ MUNICIPALITY
As mentioned earlier, in the municipality of Tešanj, a total of 25 recycling
STATIONS were set up for use by citizens for recycling municipal waste [14].
Asked about the use of a recycling STATIONS, a certain number of citizens in
the municipality of Tešanj responded that they did not use a recycling station, as
shown in Chart 5 below, because they do not recycle waste. Also, a number
declined not to use them but for unknown reasons. This can be explained by the
fact that there are a number of citizens who are not familiar with what is generally
a recycling station but also that such a station is not located near their household.
Expectantly, a small number of respondents who use or who sort their household
waste (recycle). The smallest number of respondents confirmed they did not
know what the recycling station was all about.

Chart 5 Display the prevalence of the use of recycling stations

CONCLUSION
The municipality of Tešanj is known as one of the most development
municipalities in Bosnia and Herzegovina. It is the home for many companies
and facilities that are even known outside the borders of the country. The main
reason why this research was done is to explore how a small municipality like
Tešanj can handle waste and how the impact is on the citizens. The state of the
municipal waste management system in the Tešanj area is progressing. Bosnia
and Herzegovina is soon getting a candidate status by the European Union. One
of the field that must be improving is the waste management system and the
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implementation of recycling. The key way to reduce a harmful impact on the
environment caused by inadequate waste management is recycling [15]. This
paper showed how the communal waste management in one small town in B&H
is functioning. By interviewing citizens were discovered some previously
unknown things as in e.g. a large number of citizens wants something useful to do
for their community, or are familiar with the advantages of being recycling, but
they were not able to do so, because they are confronted with certain difficulties
such as infrastructural. There is a need for further interaction of all participants in
the community if they want to continue to build quality and preserve the life
community. Much more efforts are in need but the situation is getting better in
Tešanj. Hopefully one day the relation between the Public Utility company on
one side, and the citizens on the other side is going to be even better compared to
now. The only way to achieve better efforts between all the participants in the
society, is with a strong and direct dialogue. Special emphasis continues to be
placed on persons of a younger age to continue various activities such as
collecting PET packaging and by their actions through adequate social work
make the great merit to the nature in which they reside. B&H continues to push
towards to EU integration day by day, and certain norms will emerge over time
that will entail people who have inadequate access to nature and the community
to change it.
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Abstract
Protective work equipment as a term is still used under the name “HTZ” HTP (Hygiene-Technical Protection) equipment and refers to protective
clothing, footwear, gloves, helmets, safety goggles, masks as well as to all
other equipment that can be used to protect employees at work from injuries
and infections. Employee protection, while performing and executing
business tasks, is one of the highest priorities of each company. Using
"HTZ" equipment increases the safety of employees, reduces the number of
injuries and costs of the company itself. The aim of this resreach is a raise
awareness among the employees themselves, about the importance of using
"HTZ" equipment, which directly have influence for reducing the number of
injuries at work. In this research, the HTZ equipment will be presented in
detail as well as various statistical data on the inexperience of the same. The
ultimate goal of the research is to stimulate workers for constant use of HTZ
equipment during their work. The end result, in addition to improving
logistic performance, is the safety of logistics activities and the process
reflected in the reduction in the number of hurt and the reduction of
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company costs that could be used for some other investments and
improvement work quality of the employees themselves.
Keywords - work safety; logistic performance; protective equipment;
injuries
INTRODUCTION
The provisions of the Law on safety and health at work define the
obligations and responsabilities of employers and employees,as well as the
competence and measures applied by it to ensure the aplication of this Law
as well the Laws issued by it 1. In protecting the work,it is important to
distinguish the terms of accidents at work.An accident at work is considered
an accidental event that can be like injury,dammage or something
else.Accident at work its unpleasent event that can have material
damage,injured worker and environ mental pollution.The reasons this events
at work are much,one of them is not used appropriate eguipment.For
company it is much important reputation on competative market.Protection
on work is tehnical,health,legal,psychological,pedagogical and other
activities,using this activities we can detect and remove dangers that they
can causing life and health persons at work,and we have procedures and
rules to remove or reduce the danger.The purpose protection at work is
created safe work conditions to prevent uninitiated aktivities.Association of
the employers Federation Bosnia and Herzegovina defineted regulations and
preservation health of young people,womans to realization of motherhood
and persons with disability and preserving working ability in life age1.
Protection at work is part organization of work and performances of work
proces with contracts and employers instructions.Production, transport and
storage systems are logistical subsystems that are most often at risk of
occurrence of an unwanted event, and the reason for this is that [3] the
warehouse system does not give enough attention to security itself.
Statistically, in the warehouse systems, the percentage of injured workers is
6.51 per 100 employees in the warehouse. According to the same source,
most of the injuries occur when handling cargo or manipulative equipment.
The paper presents data on the use of protective equipment and statistics of
accidents in two companies in Bosnia and Herzegovina.
WORK SAFETY AS A LOGISTIC PERFORMANCE
Safety of work is one of the key qualities of quality, especially if one
takes into account the right of society and individuals to be protected from
burdens and services dangerous to health and life [4]. One of the basic
logistics performance is the security of logistics activities and processes.
Increasing safety within warehouse and manufacturing facilities brings
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significant savings, reducing the number of injured and high ranking
companies in the competitive market. The greatest danger for workers is
transport manipulative assets within the company as well as various
production facilities. Forklift and cranes are the most common causes of
accidents.
In the Figure 1 (https://www.thesun.co.uk/news/2109331/factory-workercrushed-to-death-under-forklift/) there is an unconscientious control of the
forklift. This accident occurred in the east of China and ended with death.

Fig. 1. Unknowingly use of forklift

The safety of work processes includes:
• work safety and occupational safety issues,
• safety of the work environment and
• fire safety.
The safety of work consists activities and procedures that are designed to
protect the human from injuries. The safety of the working environment
implies solving the problems of protecting the atmosphere from different
types of pollutants or noise, which can jeopardize the psychophysical
condition of employees.Although less present and these problems represent a
significant segment of the protection of people employed in the warehouse.
Fire safety consists of activities aimed at protecting people and property
from fire and explosions. Failure to observe the procedures, bad
organization, management and control are factors that almost certainly lead
to injuries at work and large material damage. It is completely clear that
some of these factors are due to negligence and poor training of staff.In
order to increase the security of logistics activities and processes according
to [5], there are two aspects of action:
• preventive engineering and
• operation during the exploitation of the system.
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Preventive engineering is an action that is taken to prevent the emergence of
new accidents, as well as action aimed at mitigating the consequences, if
incidents occur, while action during the exploitation of the system can be
characterized as control of the previously implemented activities. One of the
means of preventive action is the adoption of appropriate regulations and
regulations concerning this area. In the field of logistics, specifically supply
chains, the ISO 28000 standard has been developed specifically for logistic
companies and organizations that participate in the supply chain. The
ultimate goal of this standard is to increase security. ISO 28000 requires the
organization to consider the environment in which it works from the aspect
of safety, to determine whether adequate security measures have been
applied and to identify the relevant legal requirements with which it has to
be harmonized. [6]
HTZ EQUIPMENT
Personal protective equipment is personal protective equipment that is
given for temporary or permanent use to persons exposed to certain dangers
or threats during work. Using proper use of personal protective equipment, it
is possible to prevent or alleviate injuries at work. Personal protective
equipment is also referred to as HTZ equipment, ie Hygienic - Technical
Protection. According to [7], among the causes of injuries, the largest
percentage occupy work operations in a manner contrary to occupational
safety rules. Depending on the type of danger, the use of protective
equipment is prescribed by law or regulations. In some cases, when doing
certain work, workplace hazard can be eliminated by applying the basic
occupational safety rules, such as warning signs, fencing hazardous areas,
prohibition of movement, etc. Accidents and accidents at work are the
consequences of the risk arising from the improper treatment of a man in the
workplace.Statistically, according to the Institute for the Improvement of
Occupational Safety at 330 risk events:
• 300 will pass without consequences,
• 29 events will be dangerous
• 1 event will result in injury to a worker or material damage.
Personal protective equipment can be divided into: head protection, eye
and face protection, hearing protection, respiratory protection devices, hand
protection, foot and body protection.By means of the head protection means
protective helmets aimed at protecting the head from falling objects, sudden
head movements, or a collision with hard objects. In the logistics center or its
warehouse sector, the helmet is a basic and mandatory part of the protective
equipment, especially in high - level warehouses and when using
manipulative devices. Head protection agents can be made of different
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materials and with various accessories, which can be seen in the following
figure.

Fig. 2. Different type of head protection equipment

For personal protective equipment aimed at protecting the face and eyes, we
mean protective goggles or guards (visors) for welding, drilling and
grinding. This type of personal protective equipment is used to protect
against the spilling of particles and scabies in the eyes and injuries of the
face and protecting the eyes from harmful radiation, such as, for example,
when welding, grinding and drilling.
Hearing protectors include wadding, plugs and protective headphones
(antiphons). These protective devices are for persons whos working in an
environment with increased noise. Respiratory protective devices serve to
protect the respiratory organs from harmful particles, dust, acid and gas
which can be easily inhaled and thus reach the lungs and cause damage to
the tissues and internal organs of the worker. In addition to the means for the
protection of the head, the means for protection of the hands have equal
importance within the warehouse, the production process and in the
manipulation of goods. Hand protection gloves are designed to protect hands
from harmful external influences in everyday life and professional work. It is
important that employees wear protective gloves designed to protect them
from the dangers and hazards they are exposed to in the workplace. Many
types of protective gloves are available on the market, making the right
choice extremely important. These protective devices aim to protect hands
from cold and heat, electrical energy, mechanical hazards, harmful effects of
acids and the like. Hand protection or gloves are made of different materials
such as rubber, leather or special canvas.
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Fig. 3. Protective equipment for hands

Protective footwear represents foot protection and protects legs from
falling objects (steel cap shoes), protection against harmful thermal activity,
(eg shoes with wooden soles). The choice of quality protective or work shoes
always comes from the workplace hazard assessment. Body protection
agents, which include protective aprons, overalls and the like, serve as dust
and dirt protection. During the work process, users of protective clothing and
footwear are often exposed to elevated temperatures, the effects of toxic
chemicals and gases. Suitable protective clothing is required for safe
operation in such situations. The choice of protective clothing should be
based on the requirements of the work process or risk assessment.

Fig. 4. HTZ overalls

In addition to the regular and conscientious use of HTZ equipment, there
are a number of relatively minor incidents that can seriously hurt employees
and lead to loss of productivity, large insurance accounts, etc. The most
common types of accidents in warehousing systems and logistics are: contact
with vehicles at the workplace, for example, the elderly, handling the
material in the warehouse during the loading operations, falling from the
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ladders, hitting the fall due to the takeover of the stock from the rack
warehouses, etc.[8]

Fig. 5. Mistakes in material handling[6]

Some of the mistakes in material handling are shown in Figure 5, and
according to [9], the following things should not be handled when handling
the material: lift the load with wet or oiled hands, lift heavy objects if it is not
in the proper condition, do not run while carrying the load, do not rush while
moving along or down the stairs, etc. Security procedures are often ignored in
various workplaces due to insufficient time, inadequate resources. However,
when security procedures are implemented, there are great advantages such as
a higher level of employee satisfaction, as well as higher productivity [6].
RESULTS/DISCUSSION
The paper presents data on the use of protective equipment and statistics
of accidents in the two companies located in the territory of Bosnia and
Herzegovina. Figure 6 shows the number of injured workers within the
"NN" warehouse and production system. For private reasons and
confidential information it is not possible to indicate the real name of the
company. The main activity of this company is the production of wooden
furniture with a location on the territory of Bosnia and Herzegovina. Due to
the large production and support, the company "NN" has three warehouses
with a total area of over 3000m2. Data relate to the period from 2012 to
2017. The average number of workers in the given period in the warehouse
and production system is 500.
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Figure 6. Number of injured workers in the warehouse and production system

This figure shows us the number of workers injured is increasing from year
to year. Apart from the non-use of protective equipment, careless handling,
etc., the number of injured persons was affected by the purchase of new
woodworking machines and transport manipulative assets. Lack of education
and knowledge of shaking with new equipment can also have fatal
consequences.
A good example of quality and safe operation of the production system is the
company TEHPRO CNC in Cerani, Bosnia and Herzegovina. The main
activity of this company is metal machining, and it is specialized for the
production of contour parts used in automated and robotized automobile
production. The company was founded in 2008, and the entire range of
products is placed on the European market.

Figure 7. Production system in Cerani

Production in Cerans is currently taking place on seventeen CNC milling
machines and on one CNC turning machine. In addition to the production in
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Cerani, finishing processes (cementing, hardening, brunification), processes
of quality control of the final product and processes of packaging and
delivery to the final customer are carried out [11]. Workers within the
production are obliged to use HTZ equipment. Workers who work on cutting
have protective working shoes with a metal cap. Ten plant workers use
helmets with visors, high-temperature resistance gloves and antennas, for the
hardening process. When unloading metal plates, leather gloves are used,
and in the process of brushing, rubber gloves are used as protection against
chemical agents. In the last 3 years, there were 3 injuries of workers who did
not require medical intervention. The injuries were remedied with first aid
equipment that is mandatory in the workplace. In addition to these injuries,
there were 1 injuries that required medical intervention. The return of the
injured worker to the workplace lasted for 3 days indicating the seriousness
of the injury.
In Europe, in 2014, UK standardised rate of 0.55 per 100,000 employees is
considerably lower than that of many EU member states, including other
large economies such as France (3.14 per 100,000 employees), Germany
(0.81 per 100,000 employees), Italy (1.15 per 100,000 employees) and Spain
(1.47 per 100,000 employees) [12].
Australia give much more attention to security in the workplace in recent
years. Large numbers of injured workers are the result of a large population
and a large number of employees on this continent, as well as the non-use of
prescribed protective equipment. For 14 years in Australia from 2003 to
2016, 3,414 workers lost their lives in work-related incidents. In 2016, there
were 182 dead workers, equating the mortality rate of 1.5 deaths per 100,000
workers - the lowest rate since the beginning of the 2003 series. A report on
the number of casualties is available at [10]. Figure 8 shows the number of
deaths based on initial media reports and represents a preliminary estimate of
the number of people who were killed during work. Figure 8 refers to 2017,
and more detailed information is available on the site [10].

Fig. 8. Number of deaths in the period from January 1 to December 22, 2017
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CONCLUSION
In the last time, more attention has been given to the regular use of
protective equipment, proper handling of goods and manipulative means, but
in spite of that, incidents are constantly happening. Many companies for
their interests, aim to reduce the number of accidents and injured workers.
This goal is achieved by various educations and instructions for training of
workers, providing quality protective equipment, manipulative means and
preventive action. Investing funds in the same for a company is not a cost
but a profit because human life has no price. This paper presents data that
need to awaken awareness among many companies and employees.
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Abstract
The ideal option in all business systems would be to have no standby
time, for example that every user should be served immediately upon
entering the system. This is impossible to realize because such systems due
to the large capacity are economically unprofitable. The efficiency of the
mass serving system has a significant impact on the overall efficiency of the
systems or subsystems where is present. The research carried out in this
paper deals with the definition statistical analysis of the input parameters of
the two loading fronts from machine for paper production - paper machine
four (PM4), which represents the largest production machine in NatronHayat. The research includes and analyzes the storage system of the NatronHayat Company, the PM4 warehouse group, where the arrival of the means
of transport, the queues of waiting and the time of serving them depend on a
number of factors. On the basis of the collected data on the arrival of the
means of transport that were registered at the weighing station for loading
into the PM4 warehouse and the loading time for each transport means, a
statistical analysis of the intensity input flow and the intensity flow of
service was performed. The research carried out in this paper is necessary for
further calculation of parameters of the system of queuing systems and their
adequate modeling.
Keywords - storage system; queuing systems; load
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INTRODUCTION
In day-to-day execution of various activities and processes, logistics as an
integral and indispensable part of each business system plays a very
important role. There is a need to rationalize activities and processes which,
according to [1], can greatly affect the company’s competitive position. The
warehouse as a special subsystem of logistics, in addition to transport, is the
most significant factor of logistical costs [2], thus potential places for
savings in these subsystems are constantly sought. In the past, at its very
beginning, the warehouse was just a place used to store surplus products.
Nowadays, the purpose of the warehouse is completely different. Compared
to its former static function, today’s warehouses represent a dynamic system
where the movement of goods is dominant. In this paper, therefore, the focus
is on the warehouse system of Natro-Hayat Company, which is one of the
largest companies in our country. To prove this is the fact that it is one of
five largest exporters of Bosnia and Herzegovina. The current storage system
of the company is decentralized [3,4], where each manufacturing plant has
its own warehouse. In such conditions, there is accumulation of demands for
loading goods into the means of transport and queuing, which again causes
certain costs. To evaluate the quality of the storage system and its processes,
it is necessary, according to [5], to define a set of indicators which
adequately describe them. To be successful in highly competitive conditions,
one of the most significant segments is to satisfy customers’ needs. Today,
customers are increasingly paying attention to the time they spend in a
queue, and that time affects their decision whether they will use the service
again. The queues represent a very wide area which attracts more and more
interest, the area which is present in our everyday life, and a part of
operational research on the relationship between service requirements and
serving process characteristics, i.e. the possibilities of satisfying those
requirements. The simplest model for calculation and analysis is a model
with an unlimited queue and, in cases when there is a large capacity of a
queue, the infinite capacity can be assumed just due to easier ways of
calculation. In mass serving tasks, the effect of randomness on the entire
serving process almost always has to be taken into account: the number of
clients is not constant but is subject to random variations, and service time
changes from one to another.
The paper considers and analyzes the storage system of Natron-Hayat
Company, the PM4 warehouse work group, where the arrivals of the means
of transport, the queues, and the time of serving them depend on numerous
factors. In the study, which lasted 11 work days, data on the arrival of the
means of transport which were registered at the weighing station for loading
in the PM4 warehouse and loading time for each means of transport were
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collected. The goal is to determine statistical distributions by which arrivals
or services take place.
METHODS
We find mass serving in cases when there is a need to provide service for
a large number of "clients". “A client” means an arbitrary request or service
demand. A client may be a traveler who wants to buy a ticket at a ticket
office, or a patient waiting in an ambulance room for doctor's care, or a ship
entering a port which needs to be unloaded or loaded, or a car waiting at
crossroads to pass, or a parcel which needs to be delivered, or loading and
unloading in a warehouse, etc. Clients approach a service point at random
times. In most cases, we can assume that the times of individual client’s
approaches are mutually independent. The group of clients who access the
service is called the stream of clients.
If they cannot be immediately served, clients form a queue. Such queues
are in shops, on tram and bus stations, in logistics centers; such lines are of
airplanes above an airport waiting for free runways to land, etc.
Facilities used to provide service are called service channels. These can
be ticket machines, ticket offices, service workshops, traffic lights at
crossroads, groups of workers or individual workers, landing and boarding
runways, ports for receiving ships for loading and unloading, etc.
One of the most important elements of mass serving theory, which plays
a significant role in analyzing, setting up, and solving serving tasks, is
service time. It represents the main characteristic of each individual service
channel. As clients who approach a service system are not exactly identical,
service time changes from one client to another.
The main process of serving, assumed by most models of queuing (mass
serving) theory, consists of the following. Clients, i.e. units requiring
service, are generated over time by a source. The clients enter the service
system and stand in a queue. At certain times, the customers from the queue
are accepted for service by some rule i.e. the service discipline or queue
discipline. Then, the client is provided with a required service by the service
mechanism, after which the client leaves the serving system. [6] This process
is shown in Figure 1.
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Fig. 1. Main service process [1]

To determine statistical distribution in the paper, the KolmogorovSmirnov test and Anderson-Darling test in Easyfit software have been used.
KOLMOGOROV-SMIRNOV TEST

The Kolmogorov-Smirnov test is a statistical test used for hypothesis
testing, comparing the cumulative data distribution with the expected
cumulative normal distribution. Unlike the Chi-square test, the KolmogorovSmirnov test does not require sorting of data into groups. On the other hand,
a very large sample is needed for its implementation.
This test uses the null hypothesis. By the null hypothesis, we indicate that
the specified distribution is equal to the normal distribution, while the
alternative hypothesis indicates that the given distributions are different.
The Kolmogorov-Smirnov test is a nonparametric test regarding the form of
the distribution function of continuous variable.
The hypotheses for a two-tailed test referring to the assumed form of
population distribution function of Kolmogorov-Smirnov are [8]:
(1)

A hypothesis test may be one-tailed when the content of the alternative is
modified. A test statistic is the largest absolute difference of the values of
empirical and theoretical distribution function:
(2)

To avoid a possible mistake of choosing the value of the largest
difference, the largest difference is also calculated:
(3)
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r is the number of different values of the variable.
Final test statistic:
(4)

If the test statistic is greater than the critical value which divides the
region of acceptance from the region of non-acceptance of the null
hypothesis, the null hypothesis is not accepted.
(5)

Under the assumption that m and n are large enough:
(6)

where:
𝑐 (𝛼) is the inverse of the Kolmogorov distribution at the degree of
significance 𝛼 [9].
ANDERSON-DARLING TEST

The Anderson-Darling (AD) test is a modification of the Cramer-von
Mises (CVM) test. It differs from the CVM test in such a way that it gives
more weight to the tails of the distribution. According to Arshad et al. [10],
this test is the most powerful EDF tests. The AD test statistic belongs to the
quadratic class of the EDF statistic in which it is based on the squared
difference ( Fn ( x)  F * ( x))2 . Anderson and Darling [11] defined the statistic
for this test as:


Wn2

n
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 Fn ( x)  F * ( x)   ( F * ( X ))dF * ( x)



(7)

where  is a nonnegative weight function which can be computed by
   F * ( x)(1  F * ( x) ) . In order to make the computation of this statistic
easier, the following formula can be applied [12]:
1
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(8)

where F * ( X i ) is the cumulative distribution function of the specified
distribution.
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RESULTS
As noted above, the recording of the warehouse system was made, i.e. the
arrival time and service time of the means of transport for 11 work days per
16 hours, a total of 176 hours. Table 1 gives a brief description of the arrival
time of each means of transport.
Table 1. Arrival intervals of the means of transport
Ordinal number of
Arrival time of a means of transport
the means of transport
after the arrival time of the previous one
1st
1
2nd
11
4th
101
11th
272 (4h 32min)
12th
1
25th
14
26th
88 (1h 28min)
60th
72 (1h 12min)
61st
1
83rd
53
97th
26
98th
99 (1h 39min)
99th
18
100th
243 (4h 3min)
101st
1
102nd
2
125th
115 (1h 55min)

As it can be seen in Table 1, the total number of means of transport
arrived at the company for the observed period of 176 h is 125. Furthermore,
it can be seen that their arrival time is very variable and ranges from one and
several minutes to a few hours. This is due to the fact that the daily recording
time is 16 h and consists of two shifts of 8 hours, and in the second shift there
are fewer vehicles arriving in the system.
Table 2 shows the frequencies of the means of transport on the basis of
which the statistical distribution of the input flow is determined which is
given in Figure 2.
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Table 2. Frequency for the input flow of the means of transport in the interval of 1h
Number of the means of
Frequency
transport
0
111
1
27
2
25
3
7
4
4
5
1
6
1

Table 2 shows the input flow frequency in the interval of one hour. The
maximum frequency is when there is no means of transport in the interval of
one-hour and it is 111. The arrival frequency of one means of transport is 27,
of two is 25, while a larger number of the means of transport arriving within
one hour is drastically reduced and there is only one case when, in that
period, five and six means of transport arrive.

Fig. 2. Distribution of the input flow of the means of transport

Figure 2 shows the input flow distribution, the input flow intesity and
descriptive statistics. The input flow is subject to the Poisson distribution
which belongs to the Markov systems [13] with the intensity of the input flow
λ = 0.71 of the means of transport in one hour. In addition, descriptive
statistics show variances, standard deviations, standard errors, etc.
Table 3 shows the service time for each means of transport.
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Table 3. Intervals of the service time for means of transport
Ordinal number of the
The service time for a means of transport
means of transport
after the service time of the previous one
1st
50
2nd
35
4th
50
11th
25
12th
40
25th
30
26th
45
60th
20
61st
30
83rd
40
97th
40
98th
60
99th
55
100th
60
101st
40
102nd
35
125th
20

Based on Table 3 and the service time for the means of transport, where
the shortest time is 15 minutes and the longest is 240 minutes, the class width
of 30 minutes has been calculated. Based on the width of the class, the
frequencies has been formed which are shown in Table 4.
Table 4. Frequency of the service time
Average value of the
Frequency
class width
15
41
45
77
75
4
105
2
135
1

The class width, as noted, is 30 minutes, and in order that the software is
able to calculate the distribution which is subject to service time, the average
value of classes has been taken.
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Fig 3. Distribution of service time for the means of transport

Figure 3 shows that the distribution of service time is a normal distribution
with average service time of 37.8 minutes, i.e. the service intensity of the
means of transport is μ = 1.59 in one hour.
DISCUSSION/CONCLUSION
The goal of each company is to provide a good market position, and
among significant segments to achieve that is to enable their customers to be
satisfied. In a fast-paced life, time is money, and it is a very important item in
both private and business life. The ideal option in all business systems would
be to have no waiting time, i.e. that each customer is served immediately
upon entering the system. This is impossible to achieve because such systems
due to the large capacity are economically unprofitable. In the research, it has
been found that the input flow corresponds to the Poisson distribution and the
service flow to the normal distribution. The extension to this research is
related to the determination of the mass serving parameters of the company's
warehouse system. In order to accomplish a real system optimization, it is
necessary to take into account the costs incurred if there is waiting in a queue
(waiting for a truck to load), if service channels (reloading fronts) are
occupied, and if service channels are free. As the paper itself has emphasized,
the observation of the system has been completed in the period of 11 work
days from 7 a.m. to 11 p.m., including a total of 176 h and it can be a good
sample. In addition, the system needs to be observed as a multiphase system
and their parameters need to be determined. In fact, this paper represents only
an initial phase of modeling the storage systems of Natron-Hayat Company
from the aspect of the mass serving system.
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Abstract
The dangerous goods are the materials that their properties (toxicity,
radiation risk, corrosive properties, combustion) or chemical reactions
(explosiveness, flammability, corrosiveness, evaporability, solubility) during
the production, transport, storage and handling can pose a risk to people,
environment or cause damage to material goods. Due to these negative
impacts, their transport must be organized according to certain regulations in
order to minimise accident risks, or the consequences of accident have
already occurred are kept to a minimum. Therefore, it is of particular
importance to professionally train and qualify all persons involved in the
transport of dangerous goods.
Keywords - dangerous goods; transport process; participant in the
transport of dangerous goods; DGSA

INTRODUCTION
In 1954 The United Nations have formed team of experts to give
recommendations on how to create unique criterions which relate to marking
and classification of vehicles, devices onboard vehicles as well as different
permits. Based on these recommendations, in 1957 UN has made agreements
which have become obligatory for all the signatories of these agreements.
Today there are: ADR (International Carriage of Dangerous Goods by
Road) – road transport, RID (International Carriage of Dangerous Goods by
Rail) – railroad transport, ICAO-TI (International Civil Aviation
Organization - Technical Instructions) – air transport, IMDG-CODE
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(International Maritime Dangerous Goods Code) – maritime transport and
ADN (International Carriage of Dangerous Goods by Inland Waterways) –
river transport [1].

Figure 1. UN agreements by means of transport [2]

Based on directives from ADR and the law on transport of dangerous
goods, obligations of all participants (sender, carrier, receiver and all other
participants) have been defined in the transport of dangerous goods,
depending on the role that they have in transport [3], [4]. ADR consists of 9
chapters (Annex A and Annex B). Annex A (the first 7 chapters) relates to
dangerous goods and objects, while Annex B relates to transport equipment
and transport operations.
In case of accidents during transport of dangerous goods there is a danger
of ecological catastrophe and large scale pollution. This is why it is
extremely important that through professional education of all the persons
involved in transport of dangerous goods the possibility of accidental
situations is reduced to the lowest possible level. Dangerous goods appear
more often in road transport in relation to other means of transport. By
applying different measures there are attempts to reduce the participation of
road transport in total transport of dangerous goods and to increase the
participation of maritime, river and rail road transport.
This paper presents review of most basic elements of regulations that
concern the transport of dangerous goods, being international or domestic. It
also describes the work, role and the importance of Dangerous goods safety
advisor (further: Advisor), both from reasons of complexity of mentioned
regulations (Advisor is a person whose basic role is monitoring and proper
enforcement of regulations in transport of dangerous goods within the
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organization which employs them) and due to the fact that Advisor is, in
case of our domestic regulations, is a new person in transport of dangerous
goods.
CHARACTERISTICS OF DANGEROUS GOODS SAFETY ADVISOR
Training someone to become an Advisor for safety in transport of
dangerous goods into legal systems of all EU member states has been
obligatory from 31.12.1999, based on the Directive of the Council 96/35 EU
from 03.06.1996. In order to create unique safety rules for transport of
dangerous goods for several means of transport, ADR; RID and AND in
publications from 2011 with transition period until 31.12.2002 have
introduced category dangerous goods safety advisor as obligatory
“participant” in transport process of dangerous goods in road, rail road or
river transport for all the countries that have accepted the mentioned
agreement [5].
Safety advisor has to be appointed in each company that is involved in
transport of dangerous goods, or takes part in the transport of dangerous
goods or performs activities connected to this transport (packaging, loading
and unloading). There are exceptions, predefined conditions when
companies are not obliged to have a person performing jobs of Safety
advisor in transport of dangerous goods. Safety advisor in transport of
dangerous goods is a person that holds a valid certificate proving that it has
been trained according to unique program for training. For these jobs one or
more persons can be appointed which are permanently employed within the
company or outside associates can be hired by contract. In case that it is not
performed the role of safety advisor is taken by company executive.
Certificate for Dangerous goods safety advisor is valid for 5 years and its
validity can be extended after renewal training and examination. It is issued
by authoritative agency of the signatory state of ADR. Certificate for
Advisor issued by other signatory state of ADR, in accordance with
determined demands for its issuance, is valid without translation in The
Republic of Serbia.
The main role of Safety Advisor is, apart from preservation of
responsibility of company executives, which by all appropriate means and
measures within the company’s field of work enables easier performance of
activities in accordance with valid regulations, in the safest possible manner
[6].
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TASKS FOR DANGEROUS GOODS SAFETY ADVISOR
Dangerous goods safety advisor is a person which knows obligations of
all the participants and enables uninterrupted transportation of dangerous
goods according to determined rules.
From the role of Dangerous goods safety advisor come their tasks
(defined in subsection of ADR) to track [6]:
 Application of demands related to transport of dangerous goods,
 counseling in company activities related to transport of dangerous
goods,
 creating annual reports for company executives, or eventually for
public officials, on company activities related to transport of
dangerous goods,
 company methods which during purchases of transport means take
into considerations special demands connected to dangerous goods,
 actions which examine equipment used for transport of dangerous
goods and/or its handling,
 appropriate training of company workers including changes in
regulations and storing training certificates,
 conducting appropriate emergency measures during eventual
accidents, which in certain circumstances can cause danger in the
transport process of dangerous goods, or during loading or
unloading,
 procedures for determination of cause and if necessary delivering
reports on accidents or severe offences determined during transport
process of dangerous goods or during handling,
 introduction of certain measures, which are to prevent reappearance
of accidents or severe offences,
 accepts legal regulations and special demands for transport of
dangerous goods during choosing and using subcontractors or third
parties,
 determine if the persons involved in transport of dangerous goods,
or its handling, have detailed information and handling instructions,
 introduction of measures that relate to increase in awareness on
possible risks which occur during transport and handling,
 introduction of measures for determination of existence of following
documents and safety equipment aboard transport means, as well as
accordance of these documents and equipment with regulations,
 procedures for assuring application of demands for loading and
unloading
 existence of safety plans according to ADR.
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Apart from stated tasks, Dangerous goods safety advisor has an
obligation in case of accidents or emergencies during transport process with
dangerous goods to submit report to company management, and if needed to
local authorities. Also there is an obligation to submit report to local
authority in charge for transport of dangerous goods in form whose cause is
stated in ADR, no later than a month after the accident or emergency.
TRAINING AND EXAMINATION FOR OBTAINING THE
CERTIFICATE FOR DANGEROUS GOODS SAFETY ADVISOR
Based on ADR subsection, Dangerous goods safety advisor needs to hold
a valid certificate of expert training for Dangerous goods safety advisor
(further Certificate). Certificate is issued by authoritative office or body
which has been authorized for it by the state.
In order to obtain the Certificate, the candidate must finish training and
pass the examination approved by authoritative state body. The main
purpose of training is for the candidate to achieve appropriate knowledge on
risks characteristic for transport of dangerous goods, valid laws, regulations
and administrative regulations, as well as tasks that refer to Dangerous
goods safety advisor determined by the ADR. Authoritative body authorizes
institutions that will perform expert training for Dangerous goods safety
advisor. After finished training, candidate receives Certificate for completed
expert training of candidates for Dangerous goods safety advisor, which is a
condition to take test for Advisor.
The examination must be conducted by approved body or examination
body appointed by the authoritative organ. Examination body must not be
the organizer of the training. Appointment of examination body is done in
written form. This appointment can be time limited and must be based on the
following criteria:
 competency of the examination body,
 specification of the modality of examination proposed by the
examination body,
 measures for objectivity of examination,
 independency of the examination body towards all physical or legal
persons, where Dangerous goods safety advisor is employed.
The purpose of examination is to determine if candidate have the needed
degree of knowledge to perform tasks of Dangerous goods safety advisor,
and with it to acquire the Certificate of expert training. Examination must
include at least the following areas:
 knowledge on consequences of accidents related to transport of
dangerous goods and knowledge on the most important causes of
accidents,
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 demands of national legal regulations, as well as international
agreements and conventions, which specially refer to the following
areas:
 classification of dangerous goods,
 general directives for packaging, tanks and container tanks,
 marking, labeling, applying large markings of danger
(placards) and orange plates,
 remarks in transport document (necessary information),
 means of shipping and limitations in shipping
 transport of passengers,
 bans in joint loading and precaution measures during joint
loading,
 separation of cargo
 storage and handling
 cleaning and degassing before loading and after unloading,
 crew, expert training,
 vehicle documents,
 written instructions (following directions as well as safety
equipment for vehicle crew),
 obligations in surveillance (parking)
 traffic regulations and limitations,
 releasing materials which pollute environment based on
procedures in work or as a consequence of accident,
 demands in relation to transport equipment.
Examination consists of written part, which can be complemented with
oral part. Literature that is used is national and international laws and
regulations. Written part of the examination consists of two parts:
 candidate is presented with a questionnaire consisting of at least 20
questions with space for written answer, which relate to areas stated
above. Questions with multiple answers are also possible,
 each candidate must perform one case study related to tasks of
Dangerous goods safety advisor given in ADR, during which time
they need to prove that they are capable of performing tasks of
Dangerous goods safety advisor.
ADR signatory states can foresee that if candidates who wish to work for
a company that specializes in transport of a certain types of dangerous goods
can be examined only in areas that relate to their activity. These types of
goods are:
 class 1,
 class 2,

408





class 7,
classes 3, 4.1, 4.2, 4.3, 5.1, 5.2, 6.1, 6.2, 8 and 9,
UN numbers 1202, 1203, 1223, 3475 and aircraft grade gasoline
classified in UN 1268 or 1863.
The certificate has to state clearly that it is valid only for certain type of
dangerous goods stated in this subsection for which the Dangerous goods
safety advisor has been examined according to the stated conditions.
Certificates for Dangerous goods safety advisor that are from 1st of January
2009 issued for UN numbers 1202, 1203 and 1223 are valid for UN 3475 as
well and for aircraft grade gasoline classified as UN number 1268 or 1863.
Authoritative body or examination body compiles a list of current
questions that have been a part of examinations.
The certificate is valid for 5 years. Validity period is prolonged for next 5
years, if the Certificate holder in its expiry year, and before expiry date, has
passed a test. Test must be approved by authoritative body. The purpose of
the test is to determine if the certificate holder has the necessary knowledge
to perform tasks of Dangerous goods safety advisor.
CONCLUSION
Tardiness in organizing Dangerous goods safety advisor tasks up to
introduction of the Law in 2010 of approximately 21 years later in
comparison to Germany, and 11 years later in comparison to other EU states
and about 8 years later in relation to demands defined in ADR for countries
that have accepted the Agreement, shows that in the Republic of Serbia there
had been serious problems in transport of dangerous goods and that there is
no number of accidents which would give a true picture of the state that
transport process of dangerous goods was in.
The role of Dangerous goods safety advisor, apart from its basic role
which relates to safety in transport of dangerous goods, can be of economic
nature as well, firstly by avoiding fines for not following the regulations due
to not knowing them or their irregular interpretation. The significance of the
Dangerous goods safety advisor role is given through national legal
regulations, more precisely through the Law on transport of dangerous
goods, which states really high fines and other types of sanctions towards
legal and responsible persons in cases of disrespecting regulations which
refer to Dangerous goods safety advisor.
Candidate trading for persons interested in obtaining Dangerous goods
safety advisor certificate is performed by establishment approved by the
Authority in charge for organizing the training, while examination is
performed by the Authority itself. Dangerous goods safety advisor can be
hired by more than one legal person based on contract, meaning that they
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don’t necessarily need to be employ ed in a company that hires them which
sometimes leads to doubts in the quality of work of Dangerous goods safety
advisor.
Changes in domestic regulations regarding the transport of dangerous goods
are a positive step. Introduction of the Dangerous goods safety advisor, and
also by more quality control of all the participants, safety level has been
significantly raised in short period. In future it should be strived towards
adjustment of regulations to real demands and problems, as well as
consistent implementation of adopted regulations.
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[6]
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Abstract
In accordance with the problems of waste disposal in the world and also
in the Republic of Serbia, medical and clinical waste is a constant problem
related to public health, environment and transport. In order to adequately
dispose the generated amount of medical and clinical waste, it is necessary to
provide adequate packaging with the appropriate packaging process.
Generated amount of medical and clinical waste in the territory of Serbia in
2013 is 2 034 984.8 kg. According to the degree of danger and the type of
medical and clinical waste, it is first necessary to put waste into primary and
then secondary packaging. The seriousness of this problem is seen both in
Europe and world at large, thus in the The European Agreement concerning
the International Carriage of Dangerous Goods by Road (ADR) there is a
special chapter on emballage and packaging of dangerous materials and it
states the procedure for packing medical and clinical waste in adequate
packaging.
Keywords - medical and clinical waste; emballage and packaging;
dangerous materials
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INTRODUCTION
Main issues of packaging and labeling of medical and clinical waste is
based on a rate of its generating. Rate of generating this waste, based on
european research, and also recommendation for the country of the size of
Serbia, is 0,2 kg per patient. According to this data Serbia is very close to
value defined by WHO (World Health Organization). A survey conducted at
the „Dr Milan Jovanovic Batut“ Institut in 2013. shows that the amount of
medical and clinical waste in the territory of Serbia was 2 034 984,8 kg.
These amounts of medical and clinical waste must be properly disposed after
use. In addition to safe waste disposal into proper packaging, which requires
trained medical personnel, it's necessary that the packaging is of the
prescribed quality. Plastic containers, buckets and bags are mainly used for
the packaging of medical and clinical waste, which should have the
appropriate quality for the disposal of this sort of waste.
Given the type of predictable hazards, participants in transport are
obliged to take all prescribed measures in order to prevent an unexpected
event, ie to minimize the consequences of an unexpected event [1]. In order
to simplify disposal and handling of medical and clinical waste, the
packaging should be as simple as possible and labeled in the proper way.
The labeling refers to the certification codes as well as the labeling of the
packaging itself for the type of waste in the packaging. The quality of
packaging of medical and clinical waste depends significantly on the quality
of the materials from which plastic container, buckets and bags are made.
For easier handling and disposal of this type of waste, labeling is the most
important part, so that all participants in the chain of disposal are aware of
the type of danger involved.
PACKAGING PROBLEMS OF MEDICAL AND CLINICAL WASTE
The classification of medical waste is done according to the Waste Catalog.
Each type of waste that is classified requires the appropriate packaging to
avoid bursting bags, leaking substances from the container or spilling from
containers and buckets. Hazardous medical waste should be disposed of in a
suitable container to ensure the tightness and integrity of the packaging for
further transport.
According to statistics from the World Health Organization, data on the
participation of certain types of waste in total generated medical and clinical
waste is shown in Figure 1. The data indicate that communal waste is most
generated (86%), unlike sharp objects (1%) and cytostatics (1%) worldwide.
In terms of hazardous medical waste, both pathological and infectious waste
that participates with the largest share of 9%, it is necessary to act in
accordance with the legal regulations [2].
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Figure 1. The distribution of generated medical and clinical waste by type
Separation of medical and clinical waste by type of waste significantly
contributes to preventing environmental pollution and harming the health of
the population. During the process of separation of medical waste in health
institutions, the main duty of employees in charge of separation is to separate
medical waste at its place of origin, in this way the responsibility for
classification is taken over by the manufacturer. After sorting waste, it should
be disposed of in the packaging prescribed by the regulations. Customized
packaging for waste collection is plastic bags and plastic containers of
different colors (depending on which type of waste is working). The color of
the packaging depends on the type of waste. For the following types of waste,
it is necessary to provide packaging in the following colors: communal waste
(black), paper (light blue), communal waste for recycling (green), infectious
waste (yellow), sharp objects (yellow), cytotoxic waste (purple),
pharmaceutical waste (red), patoanatomic waste (brown).
Bags and containors used for collecting and packaging of hazardous
medical waste, that needs to be treated with the disinfection / sterilization
process, must be attested / certified for this purpose. Bags or containers
should be composed of materials resistant to physical, chemical, biological
and other characteristics of the waste packaged in them so that during
prescribed handling of the waste any harm to the health of people and the
environment is prevented. These bags and containers need to be placed on

place of waste generation [3]. After packing, the bag closes and there is
no reopening. Unlike bags in which solid objects are packed, sharp
objects that are contaminated with cytostatic drugs are packaged in
containers prescribed for that purpose.
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Infectious waste / hazardous waste occurring in the healthcare
institution is definitely the largest spectrum of waste after treatment of
patients. After treatment in health care institutions, the following types
of hazardous waste are generated: bandages and tupfers, in the case of
a safe infection of patients, incontinence pads, patients' diapers,
disposable items, laboratory waste (blood residues in the tubes,
vacutainer tubes, pipettes), used sharp objects and broken ampoules,
disposable syringes, infusion systems, blood and contaminated liquids
(including bags and tubes), unrecognizable tissue, waste after dialysis
categorized as highly infectious waste, infected blood, tiles with smear
swabs, tiles from pathohistological examinations. For the
transportation of this type of waste it is necessary to provide yellow
packaging (containers, buckets and bags). The yellow packaging bags
are shown in Figure 2, and the cans for the disposal of infectious waste
and sharp objects in Figure 3.

Figure 2: Bags for infectious waste

Figure 3: Bucket for infectious waste

For the purpose of transportation and sorting of waste, it is
necessary to label the waste. Setting labels on packaging at the end of
filling makes it easier to identify in the warehouse at delivery. For the
purpose of informing about the type of waste as well as keeping
records of the current state of waste, labels must be filled in and the
waste recorded in the inventory. The data on the labels are: location of
waste generation, amount of waste, date of origin, symbol, index
number and waste type according to the Waste Catalog.
MARKING AND LABELING OF PACKAGING
Packaging is the entire technological process of preparing, placing and
closing goods in packaging . [4]. The packaging is of different colors,
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adjusted to simpler sorting, in order to easier recognizing the categories of
waste. The storage of packaging within the healthcare facility should be in the
immediate vicinity of the waste generation site. After the container or plastic
bag is filled, the workers in charge of handling medical and clinical waste are
obliged to check whether the packaging is tightly sealed, in order to avoid
dispersal and spillage.

Marking and laeling of packages for dispatch [5]:
-

UN number and name,

-

Danger tags, and

-

packaging certification code.

Packaging that is prescribed for use must be in possession of a
certification code, confirming packaging code, country of origin and
date of manufacture. The UN number as well as the name of the
dangerous substance must be marked on the packaging itself, in order
for the operators to be addressed. In accordance with the UN number,
the danger mark should also be set, this indicates the potential danger
in the event of improper handling or an unexpected event. The marking
and labeling of the items for shipping is shown in Figure 4.

Figure 4: A marked piece

Code consists of [5]:
a) Arabic numerals for the type of packaging, e.g. barrel, canister,
b) one or more large Latin characters for the type of matter, e.g. steel,
wood, etc.,
c) Arabic numerals for the category of packaging within the type of
packaging.
The label on the packaging has the meaning that the packaging is tested and
can be used for transprtation purposes. The contribution of the label on the
packaging certainly means most to those who handle it, in this way it is easier
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for the manufacturers, users, carriers, the competent authorities for checking
the packaging and regenerators. The information that is obtained when
reading the code indicates the type of packaging and materials that are being
used. The meaning of the code is shown along with the numbers for the
packaging and letters for the type of packaging in Table 7.
In the case of the letters "U" and "W" after the package code, the letter "U"
means a special packaging, while the letter "W" means packaging that is
manufactured according to a specification that deviates from the basic
requirements.
Packaging certification code
When making the packaging, the manufacturer is obliged to enter the
certification code with the data prescribed in the ADR [5]. Data is pressed or
glued on the side of the packaging. The certification code indicates that the
packaging meets all prescribed requirements. Information regarding the
certification code is important for the manufacturer, the user of the packaging
and the regenerators in order to determine that the packaging meets the
prescribed conditions. The packaging certification code is shown in Figure 5.

Figure 5: Packaging certification code

Packaging that meets the requirements of this section must be marked as
follows [5]:
a)

UN symbol;

b)

code for marking the type of packaging (1A1);

c)

a two-part code consisting of: (Y1.4);
A. letters indicating the packaging group whose type of
construction has been successfully tested:
1. X for packaging group I, II, III,
2. Y for packaging group II i III,
3. Z only for packaging group III,
B. specified relative density rounded to the first decimal place;
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d) or the letter "S" if the packaging is used for solids or indoor
packaging, or, if the packaging is used for liquid substances from the
indicated test pressure in kPa rounded to the next 10 kPa (150);
e)

the two last digits are years of packaging production (97);

f) the designation of the country in which the license for the designation
of the mark was issued, designated as a mark for motor vehicles in
international traffic (NL);
g) the name of the manufacturer or any other identification of the
packaging identified by the competent authority (DANGER).
The letters, numbers or symbols height must be at least 12 mm, except on
packages of a maximum capacity of 30 liters or 30 kg, in which the height of
the mark must be at least 6 mm and with the exception of containers with a
maximum capacity of 5 liters or 5 kg, in which case the label must have an
adequate size [5]. Packagings prescribed by the regulations of the ADR must
be permanent and placed in a prescribed place, and in proportion to the size
of the packaging. It is necessary that the label on the packaging is clear and
legible in order to be easily selected. The certification code must be set in the
order of a to g. In Figure 5 it is shown that each label in the certification code
must be separated by a slash „/“,in order to simplify the marking itself.
CONCLUSION
For the purpose of correct disposal of medical and clinical waste from
healthcare establishments, it is necessary to comply with all the rules
prescribed for packaging. Package is a technological process that combines
packaging, separation and marking. According to the regulation controlling
the packaging, the production rules are very strict, and according to these
rules the manufacturer is obligated to mark the certification code that is in
charge of indicating for which type of dangerous substance is packaging
intended and from which packaging is made. An important segment is the
labeling of packaging after packing medical and clinical waste. The
importance of this procedure is in informing all participants in the chain of
disposal of medical and clinical waste. The danger as a result of improper
handling of medical and clinical waste is closely related to the type of
packaging, its quality, packaging method and packaging labeling. Packaging
of medical and clinical waste is primarily important for environmental
protection in order to avoid possible consequences caused by inadequate
handling.
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Abstract
The decision-making process requires, a priori, defining and fulfillment
of certain factors, especially when it comes to complex areas such as
transport management in companies. One of the most important items in the
initial phase of the transport process that significantly influences its further
flow is making the decision which transport provider is the most favorable.
In this paper a model for evaluating and selecting a transport services
provider based on single valued neutrosophic number (SVNN) is presented.
Neutrosophic set concept represents a general platform that extends the
concepts of classical sets, fuzzy sets, intuitionistic fuzzy sets, and an interval
valued intuitionistic fuzzy sets. The application of the SVNN concept made
a modification of DEMATEL methode (Decision Making Trial and
Evaluation Laboratory Method) and proposed a model for ranking
alternative solutions. SVNN-DEMATEL model defines the mutual effects of
the provider's evaluation criteria, while in the second phase of the model
alternative providers are evaluated and ranked. SVNN-DEMATEL model
was tested on a hypothetical example of evaluation of five providers of
transport services.
Keywords – multicriteria decision making; DEMATEL; single valued
neutrosophic
numbers;
provider
selection

¹ original scientific paper
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INTRODUCTION
Outsourcing approach is widely present in all logistic aspects of business,
especially in the transport domain, which is distinguished by its significant
and direct participation in overall logistics costs. After making a decision on
accepting outsourcing for certain logistical activities of the organization, the
question of the selection of provider that will implement these activities for
the needs of organizing is before the management.
The problem of selecting a transport service provider is conceptually
similar to the choice of providers in most other logistics activities. In that
sense, when it comes to the models of selection of the provider of transport
services, researches that are focused on carrier selection, suppliers selection,
vendor selection, or independent logistics providers (third party logistics
provider selection) are relevant .
Even though different views on the structuring of the problem of
selecting providers are present [1,2], as well as on the structure of the
selection process itself [3,4,5], when it comes to the nature of this process,
its multidimensional character is often mentioned [6,7] . In that sense,
numerous multicriteria decision-making methods have been used to select
providers.
Various examples of combining different approaches that treat
uncertainty (fuzzy access, etc.) with traditional multi-criteria techniques,
such as TOPSIS [7,8], VIKOR [9], AHP [7,10], ANP [11] etc. can be found
in the literature,. An example of the application of the DEMATEL method
for recognizing criteria that are of influence and identification of their
significance and causal relationships, in the process of structuring model for
the supplier selection with carbon management competencies can be seen in
[12].
As can be seen from the literature review presented, most approaches
prefer the use of traditional multi-criteria decision-making (MCDM) models
in combination with a fuzzy techniques [7]. However, in the real world, the
decision maker may prefer attribute assessment by using linguistic variables
instead of crisp values due to partial knowledge about attributes or in the
lack of information from the problem domain. The Fuzzy set presented by
Zadeh [13] is one of the tools used to present such imprecision in
mathematical form. However, the fuzzy set can focus only on the the degree
of affiliation of unclear parameters or events. The Fuzzy set can not
represent the degree of non-affiliation and the degree of imprecision of
unceratinity parameters. In order to partially overcome the difficulties in
defining parameters that are imprecise, Atanassov [14] introduced
intuitionistic fuzzy sets (IFS) that are characterize by the degree of affiliation
and non-affiliation simultaneously. However, in the IFS, the sum of the
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affiliation degree and non-affiliation degree of the unclear parameter is less
than one (unity). In order to eliminate these shortcomings, Smarandache [15]
introduced a neutrosophic concept in order to deal with unspecified or
inconsistent information that usually exists in reality. The concept of a
neutrosophic set represents a general platform that extends the concepts of
classical sets, fuzzy sets [13], intuitionistic fuzzy sets [14], and interval
valued intuitionistic fuzzy sets [16]. Unlike intuitionistic fuzzy sets and
interval valued intuitionistic fuzzy sets, in neutrosophic set indeterminacy is
explicitly characterized.
Using advantages of neutrosophic sets mentioned above, the original
SVNN-DEMATEL model for the evaluation of the transport service
provider was proposed in this paper. In the next section of work (section 2),
the basic items of the SVNN are presented. Thereafter, in the third section of
the paper, an original VKO model based on SVNN was presented. Testing of
the presented model was performed in the fourth section of the work.
NEUTROSOPHIC SETS
According to the definition of a neutrosophic set, neutrosophic set A is a
universal set X characterized by function of affiliation describing truthmembership function TA(x), indeterminacy-membership function IA(x) and
the function of falsity-membership FA(x). Where TA(x), IA(x) and FA(x) are
real standard or non-standard subsets of [-0,1+], such that each of the three
neutrosophic components are satisfying the condition that TA(x)→ [-0,1+],
IA(x)→ [-0,1+] i FA(x)→ [-0,1+]. The set IA(x) can be used to present not only
indeterminacy, but also to present unclearness, uncertainties, inaccuracies,
errors, contradictions, the undefined, the unknown, incompleteness,
redundancy, etc. [17]. In order to cover all unclear information, the degree of
affiliation to the indeterminacy-membership degree can be subdivided into
sub-components, such as "contradiction", "uncertainty" and "unknown" [15].
The sum of these three neutrosophic set affiliation functions TA(x), IA(x)
and
FA(x)
should
satisfy
the
following
condition


0  TA ( x)  I A ( x)  FA ( x)  3 [17].
Single valued neutrosophic sets (SVNS) are a special case of a
neutrosophic set that can be used more successfully in modern scientific and
engineering applications, compared to the classical neutrophic set. Basic
arithmetic operations on SVNN that are significant for the mathematical
background of the MCDM model can be looked in detail in [18,19].
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SVNN DEMATEL METHOD
The DEMATEL method is a very suitable tool for designing and
analyzing the structural model [20, 21]. In order to comprehensively take
into account the imprecision that exists in group decision making, this paper
performs a modification of the DEMATEL method by using the SVNS.
Following part, elaborates the steps of the SVN-DEMATEL method:
Step 1: Factors expert analysis. Assuming that there are m experts and n
factors (criteria) that are observed, each expert should determine the degree
of influence of factor i on the factor j. A comparative analysis of the pair of
the i -th and j -th factor by the k-th expert is marked by the dije,
where dije  Tije , Iije , Fije ,  i  1,..., n; j  1,..., n  represents a neutrophic number
that is being compared in pairs of factors. The value of each pair dije takes
the values from a previously defined single valued neutrosophic linguistic
scale. The response of the e-th expert is displayed by a single valued
neutrosophic matrix of De  d eij nn  Tije , Iije , Fije nn 1  e  m  rank.
,

0

e

T ,Ie ,Fe
D e   21 21 21
M

 e e e
 Tn1 , I n1 , Fn1

T12e , I12e , F12e
0

L

M

O

Tne2 , I ne2 , Fne2

T1en , I1en , F1en 

T2en , I 2en , F2en 

M


0
 nxn

L

L

(1)

Thus we get the matrices D1, D2, …, Dm which represent the matrices of
responses from each of the m experts.
Step 2: Determination of weight coefficients of experts. It starts from the
assumption that m experts E1 , E2 ,..., Em  with assigned weight coefficients
{ 1 , 2 ,..., m }
, 0   e  1, (e  1,2,..., m) partcipate in the decision making
process. Suppose that: (1) each expert from the group of m has its own
weighting coefficient, (2) the weight coefficients of the experts differ in
m

value, and (3) the condition


e 1

If

1

is satisfied.

a single valued neutrosophic number with
Ee  Te ( x), I e ( x), Fe ( x) which evaluates the significance of the e-expert, then
the weight coefficient of the e-th expert can be determined using the
expression (2), [17].
e 

we

e

denote

1  T ( x)    I ( x)    F ( x)   3
 1  1  T ( x)    I ( x)    F ( x)   3 
1

2

2

e

m

e 1

2

e

e

2

e

2

e

2

e
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(2)

Step 3: Determination of the average responses matrix of the experts. On
the basis of individual matrices of the answer of the m expertst, we obtain a
matrix of aggregated sequences of experts D*  d eij nn  Tije , I ije , Fije nn ,

1  e  m  , where



d eij  Tij1, Iij1 , Fij1 , Tij2 , Iij2 , Fij2 ,..., Tijm , I ijm , Fijm

 represent sequences

which describe the relative importance of the criterion i in relation to the
criterion j . Using the expression (3), an aggregation of values is made at
each position of the matrix D *
m
m
m
m
e
e
e 

d ij    e  dije   1   1  Tije  ,  I ije  ,  Fije  
e 1
e 1
e 1
e 1



(3)

where d ij  T ij , I ij , F ij represents agregated SVNN.
That is how we obtain an aggregated single valued neutrosophic matrix
of the average response of the experts (4)

0

 T 21 , I 21 , F 21
D

M

 T n1 , I n1 , F n1


T 12 , I 12 , F 12

L

0

L

M

O

T n2 , I n2 , F n2

L

T 1n , I 1n , F 1n 

T 2n , I 2n , F 2n 


M


0


(4)

The matrix D shows the initial effects that factor j causes, as well as the
initial effects that factor j receives from other factors. The sum of each i-th
row of the matrix D represents the total direct effects that factor i handed
over to the other factors, and the sum of each i j--th column of the matrix D
represents the total direct effects that the factor j received from other
factors.
Step 4: Determine the SVN total relation matrix. Using the expression
(5) we calculate a single valued neutrosophic total relation matrix
T  tij
 Tij (t ), I ij (t ), Fij (t )
. The element tij  Tij (t ), I ij (t ), Fij (t ) represents the
n n
n n
direct effect of the factor i on the factor j, and the matrix T reflects the
overall relationship between each pair of factors.
Since each single valued neutrosophic number consists of three
sequences Tij (t ), I ij (t ) and Fij (t ) then the SVN matrix can be divided into
three submatrices, ie, D  T , I , F

n n

 

F   F ij  . Furthermore, lim T
n n
m 

m

, where, T  T ij  nn I   I ij  nn and
,



 O , lim I
m 

m

 

 O and lim F
m 

m

O ,

where 0 represents zero matrix. Based on the defined settings, we obtain the
SVN matrix of total T effects by calculating following elements
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I (t )  lim  I  I  I

  I T 




1
2
m



 I  I  I
  I ij (t ) 
n n
m 
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1
2
m
F (t )  lim I  F  F  F  I  F
  Fij (t )  
n n 
m 
2

T (t )  lim I  T  T  T
m 

m

1

  
 



 Tij (t ) 

n n

(5)



Sub-matrix T (t ) , I (t ) i F (t ) zajedno together represent SVN matrix of
total impact T  T t  , I t  , F t 

nn

. Based on expression (5) a SVN matrix

of total impacts is obtained
 T11 (t ), I11 (t ), F11 (t )

T (t ), I 21 (t ), F21 (t )
T   21


 Tn1 (t ), I n1 (t ), Fn1 (t )

T12 (t ), I12 (t ), F12 (t )
T22 (t ), I 22 (t ), F22 (t )
Tn 2 (t ), I n 2 (t ), Fn 2 (t )

T1n (t ), I1n (t ), F1n (t ) 

T2 n (t ), I 2 n (t ), F2 n (t ) 


Tnn (t ), I nn (t ), Fnn (t ) 

(6)

where tij  Tij (t ), Iij (t ), Fij (t ) is single valued neutrosophic number which
expresses the indirect effects of the factors i on factor j . Then the matrix
T reflects the interdependence of each pair of factors
.
Step 5: Calculating the sum of the rows and columns of the total impact T
matrix. In the total impact T matrix the sum of rows and the sum of columns
is represented with vectors R and C of n×1:
 n 
 n

(7)
Ri    tij     Tij (t ), I ij (t ), Fij (t ) 
 j 1  n1

 j 1

 n1

 n 
 n

Ci    tij     Tij (t ), I ij (t ), Fij (t ) 
 i 1 1 n  i 1
1 n

(8)

Step 6. Determination of the weightning coefficients of the criteria. The
weightning coefficients of the criteria are determined using the expression





2

2
2
2


 2  1  T ( Ri )    I ( Ri )    F ( Ri )  3 
Wj  
 
2
2
2
  1  T (Ci )    I (Ci )    F (Ci )  3 













1  T (R )    I (R )    F (R )   3  

1  T (C )    I (C )   F (C )   3 
2

i

2

i

2

i

2

2

i

2

i

(9)

2

i

Step 7. Forming the initial decision matrix (N). As in DEMATEL
method, the evaluation of alternatives by criteria is being done by m experts
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m

E1 , E2 ,..., Em  with assigned weighting coefficients {1 , 2 ,..., m } ,  e  1 .
e 1

In order to make a final ranking of alternatives ai  A ( i  1, 2,.., b ), each
expert Ee ( e  1, 2,..., m ) evaluates alternatives by defined set of criteria
C  c1 , c2 ,...cn  . That way, correspondent initial decision matrix
is being constructed for each expert where elements of the
N ( e )  ij( e ) 
b n
matrix N (e) ( ij( e ) ) represent SVN numbers from a predefined neutrosophic
linguistic scale. The final aggregated decision matrix N is obtained by
centering the matrix elements ij(e)  T(ije) , I(ije) , F(ije) of the matrix N (e) . That
N  ij  ,
b n

is how we obtain the matrix
ij  Tij , Iij , Fij

where the elements

are obtained by applying the SWNSWAA operator, the

expression (10)
ij  SVNSWAA(ij(1) ,ij(2) ,..,ij( m ) )   eij(1)  1   1  T(ije )  ,   I( ije )  ,   F(ije ) 
m

m

b 1

b 1

e

m

b 1

e

m

e

(10)

b 1

where  e is weighting coefficients, 0   e  1, (e  1, 2,..., m) ,

m


e 1

e

 1.

Step 8. Calculation of the elements of the difficult matrix (D). The
elements of the difficult matrix D   dij  bn   Tdij , I dij , Fdij  are obtained
b n

by applying the expression (11)



dij  Tdij , I dij , Fdij  w j  ij  1  1  Tij



wj

w

, Iij j , Fij

wj

(11)

Step 9. Ranking alternatives. Based on the value of the criterion functions
Qi ( i  1, 2,..., b ) ranking of alternatives is being done. Criteria functions are
obtained by applying the expression (12),
n

Qi   d j , i  1, 2,..., b; j  1, 2,..., n.

(12)

j 1

NUMERICAL EXAMPLE
The SVNN-DEMATEL VKO model for selecting providers was tested
on a hypothetical example of the selection of five providers of transport
services. As a result of the use of the model, the weighting coefficients of the
evaluation criteria were determined and the ranking of the transport
providers was performed. Four experts in the field of transport participated
in the testing of the model, who got weighting coefficients assigned by using
the expression (2) E1=0.2864, E2=0.2741, E3=0.2170 i E4=0.1673. Experts
evaluated the criteria using a linguistic scale: Very important – VI
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(0.90,0.10,0.10); Important – I (0.75,0.25,0.20); Medium – M
(0.50,0.50,0.50); Unimportant – UI (0.35,0.75,0.80); Very unimportant – VU
(0.10,0.90,0.90). Five criteria were used to evaluate the perovider: C1 –
Reliability, C2 – Business excellence, C3 – Total cost, C4 – Customer service,
C5 – Green image.
Expert evaluation of the criteria are shown in Table 1.
Table 1. Expert analysis of the criteria

C1
C2
C3
C4
C5
C1
0
VI;VI;VI;I I;M;M;I VI;VI;IVI I;I;M;UI
C2 I;M;M;I
0
M;M;VI;VI M;M;M;M VI;I;I;VI
C3 M;M;M;M M;M;I;I
0
M;I;M;M VI;VI;VI;VI
C4
I;I;IVI
M;M;M;M M;M;M;M
0
M;M;M;M
C5 M;VU;VU;UI I;I;I;I
M;M;M;M I;M;M;I
0
Using the expressions (3) - (9), we obtain the weight coefficients of the
criteria:
C1
(0.828,0.156,0.145),
C2
(0.606,0.381,0.364),
C3
(0.873,0.129,0.147), C4 (0.641,0.372,0.329) i C5 (0.709,0.307,0.318).
Expert evaluation of providers by criteria (Table 2) were carried out using
a linguistic scale: Extremly good/high – EG/EH (1,0,0); Very very
good/high – VVG/VVH (0.9,0.1,0.1); Very good/high – VG/VH
(0.8,0.15,0.2); Good/high – G/H (0.7,0.25,0.3); Medium good/high –
MG/MH (0.6,0.35,0.4); Medium /fair – M/F (0.5,0.5,0.5); Medium bad/low
– MB/ML (0.4,0.65,0.6); Bad/low – B/L (0.3,0.75,0.7); Very bad/low –
VB/VL (0.2,0.85,0.8).
Table 2. Expert evaluation of providers according to evaluation criteria
Alternative/
criteria
A1
A2
A3
A4
A5

C1

C2

C3

C4

C5

VG;MG;VG;G G;G;MG;G MG;MG;M;M G;M;MG;M M;MH;VH;M
G;VG;MG;MG VG;MG;M;MG VG;G;VG;VG VG;VG;M;G
VH;M;H;H
M;GMG;M
M;VG;G;G M;G;MG;MG MG;MG;MG;MG H;H;M;MH
G;MG;G;MG MG;M;VG;M G;MG;G;MG M;MB;MG;VG M;M;MH;H
G;G;MG;VG G;G;MG;VG MG;G;VG;G MG;G;VG;G H;VH;VH;VH

Applying the expressions (10) - (12) we get the final rank of the provider:
A1
(0.622,0.330,0.374)>
A2
(0.571,0.384,0.425)>
A3>
(0.504,0.457,0.497)>A4 (0.499,0.457,0.497)> A5(0.344,0.643,0.637).
Ranking of providers was based on the value of score functions of that
time S ( Ai ) [15].
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CONCLUSION
SVNN-DEMATEL model uses a new neutrosophic number based
approach in dealing with uncertainties. Since unambiguous and precise
determination of the relative importance of the criteria is not necessary, this
model uses, in the process of evaluation, neutrophic linguistic expressions
and therefore areas of possible application of the model are numerous: from
logistical problems, problems of industrial management, environmental
management, education, health and various other fields of expertise. Also,
the model is open for upgrading and expanding by implementing the results
of various techniques of group or expert thinking.
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Abstract
The aim of this research is to determine the most suitable route for transport
of dangerous goods, using methods of multi-criteria decision making. The
evaluation is made among three routes based on five criteria using Best Worst
Method (BWM) and Evaluation Based on Distance from Average Solution
(EDAS) method. In this research we used BWM for the determination of
weighted values of criteria, while EDAS method is used to determine the most
suitable rout for transport of dangerous goods from Bijeljina to Derventa. The
methods COPRAS, TOPSIS and SAW were used in order to check the stability
of the proposed model and the obtained results. The sensitivity analysis showed
the stability of the results, where alternatives do not change their ranks.
Keywords – Dangerous goods; Multi–Criteria Decision Making; EDAS
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INTRODUCTION
Transportation of dangerous goods is an everyday process that is taking place
in our living environment. Harmful consequences due to the transport of
dangerous goods are predictable to a certain extent, which means they are also
preventable.
In order to reduce the risk of harmful effects of hazardous goods, it is
necessary to be well aware of and adequately apply the instructions for handling
hazardous goods prescribed by the Legislation based on the International
Agreement on the Transport of Dangerous Goods in Road Transport. The risk of
an accident is always present and cannot be completely avoided. In addition to
knowing the regulations on the transport of dangerous goods, it is necessary to
know the characteristics of the transport route, i.e. the factors that reduce the risk
(traffic density, population density, type of road, etc.). Because of the extent of
the possible harmful consequences, managing the transport of hazardous
materials, particularly in city areas, is an issue requiring a great deal of attention
[1]. The problem that occurs when transporting dangerous goods is how to
choose the most suitable route when economic and risk issues are of equal
importance. On the one hand, transport of dangerous goods must be
economically feasible for interested parties directly involved in this activity. On
the other hand, the transport of dangerous goods must take place with minimal
risk of the accident during the whole transport process. The aim of this paper is
to select the most suitable route for the oil transportation in a way of analyzing
certain characteristics of particular routes that influence the possibility of an
accident.
METHODS
BEST – WORST METHOD
The BWM is one of the more recent methods developed in 2015.year [3].
Some of the advantages that cause authors decide to use BWM are as follows:
(1) in comparison with the AHP method, which until the establishment of this
method was in comparable and most commonly used to determine weight
coefficients, it requires a smaller number of pairwise comparisons (in the AHP
method, the number of comparisons is n(n−1)/2, while, for the BWM, the
number of comparisons is 2n−3; (2) weight coefficients determined using the
BWM are more reliable, since comparisons in this method are made with a
higher degree of consistency compared with the AHP method; (3) with most
MCDM models(e.g., AHP), the degree of consistency checks whether the
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comparison of criteria is consistent or not, while, in BWM, the degree of
consistency is used to determine the level of consistency because the outputs
from BWM are always consistent; and (4) the BWM for pairwise comparison of
the criteria requires only integer values, which is not the case with other MCDM
methods (e.g., AHP) which also require fractional numbers. [4]
The steps of BWM that can be used to derive the weights of the criteria are:
[3]Step 1. Determine a set of decision criteria.
Step 2. Determine the best and the worst criteria.
Step 3. Determine the preference of the best criterion over all the other
criteria using a number between 1 and 9. The resulting Best-to-Others vector
would be:
AB  (aB1 , aB 2 ,..., aBn )

(1)

Step 4. Determine the preference of all the criteria over the worst criterion
using a number between 1 and 9. The resulting Others-to-Worst vector would
be:
(2)

AW  (a1W , a2W ,..., anW )T

Step 5. Find the optimal weights

.

wj
wB
 aBj and
 a jW
wj
ww

(3)

However, it is possible for some j not to be fully consistent, which is why we
propose a consistency ratio to indicate how consistent a comparison is. To this
end, we start by calculating the minimum consistency of a comparison, as
follows:

a

Bj

     a jW      aBW   

(4)

As for the minimum consistency aBj  a jW  aBW we have

 aBW      aBW      aBW   

  2  1  2aBW     aBW 2  aBW   0 (5)

Solving for different values of aBW  1, 2,...,9 we can find the maximum
possible  (max  ). We use these maximum values as consistency index
[3].
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EDAS METHOD
This multi-criteria analysis method is presented by Keshavarz Ghorabaee [5].
This method has a number of extensions, the extension by fuzzy logics [6] rough
set [7]. The steps for using the EDAS method are presented as follows: [8]:
Step 1: Select the most important criteria that describe alternatives.
Step 2: Construct the decision-making matrix (X).
Step 3: Determine the average solution according to all criteria, shown as
follows:
(6)

where:
(7)

Step 4: Calculate the positive distance from average (PDA) and the negative
distance from average (NDA) matrixes according to the type of criteria (benefit
and cost), shown as follows:
(8)
(9)

if j th criterion is beneficial,
(10)
(11)

and if j th criterion is non-beneficial,
(12)
(13)

where

and

denote the positive and negative distance of i th

alternative from average solution in terms of j th criterion, respectively.
Step 5: Determine the weighted sum of PDA and NDA for all alternatives,
shown as follows:
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(14)
(15)

is the weight of j th criterion.

where

Step 6: Normalize the values of SP and SN for all alternatives, shown as
follows:
(16)
(17)

Step 7: Calculate the appraisal score (AS) for all alternatives, shown as
follows:
(18)

where:
Step 8: Rank the alternatives according to the decreasing values of appraisal
score (AS). The alternative with the highest AS is the best choice among the
candidate alternatives.
RESULTS
In this paper, the most favorable route for the transport of dangerous goods
(diesel fuel) from the headquarters of Nešković d.o.o. in Bijeljina, to the
business unit in Derventa was selected, using the method of multi-criteria
decision making. Transport is possible through three alternative paths:
A1 - E73/M17 and M14.1;
A2 - M14.1, R460 and M17;
A3 - M14.1, R462, R460 i M17),
Which are evaluated througt five criteria:

-

population density (inhabitant per km2);
traffic flow velocity (number of vehicles per day);

traffic category;
road – railroad crossings;
minimal distance.
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Table 1. Display of the transport routes and the criteria on the basis of which the risk
assessment is carried out
C1
C2
C3
C4
C5
A1
124,336
7886,2
M: 136 km
1 (Šamac)
2h 21min
M: 125,879 km
A2
129,4
9136
1 (Modriča)
2h 31min
R: 12,121 km
M: 123,88km
3 (Vranjak,
A3
152,142
10205.5
2h 49min
R: 25,12 km
Koprivna)

The results of the assessment, the average value of the weight coefficients for
each criterion, and the average value of the degree of consistency (CR) are
presented in Table 2.

DM1
DM2
DM3
DM4
DM5
Wj

Table 2. Weight coefficients and degree of consistency (CR)
W1
W2
W3
W4
W5
0,233
0,255
0,406
0,063
0,043
0,417
0,169
0,271
0,094
0,049
0,176
0,479
0,176
0,104
0,065
0,214
0,143
0,429
0,143
0,071
0,175
0,474
0,175
0,11
0,065
0,243
0,304
0,291
0,103
0,059

CR
0,23
0,233
0,171
0
0,13
0,153

The values presented in the table refer to the evaluation of alternatives and
criteria by five decision-makers, one of them is a manager working in the
business of transport of dangerous goods, and the rest are experts in this field.
The LINGO 17.0 program was used to calculate the weight coefficients of
the criteria. The weight coefficients obtained by applying the BW method are
further used to calculate the most favorable route in the methods of multi-criteria
decision making. With the EDAS method, which is used to determine the most
favorable route, the weight coefficients are applied in step 5, where the
aggravated value determination of the positive and negative distance sum of the
alternative from the average value is performed.
Step 1. Selection of the best criterion describing alternatives.
Step 2.Forming the matrix.
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Step 3. Calculation of the average value of all criteria.

Step 4. Calculation of the positive distance from the average value (PDA)
and negative distance from the average value (NDA), according to the types of
criteria:

Step 5. Determination of the aggravated value of the PDA and NDA sum for
each alternative.

Step 6. Normalization of the SP and SN values for all alternatives.

,

,

,

,

Step 7. Calculation of the average grade for all alternatives.
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Step 8. Rank of alternatives.
SENSITIVITY ANALYSIS AND DISCUSSION
The ranking of alternatives obtained by the EDAS method shows that the
most favorable route for transporting oil from Bijeljina to Derventa is the E73 /
M17, M14.1 or A1alternative. In addition to the applied method, a sensitivity
analysis involving the implementation of the COPRAS [9], TOPSIS [10], and
SAW [11] methods for the multi-criteria model. The ranking of the alternative
obtained by the sensitivity analysis for each method is shown in Table 3,
compared to the ranking of the alternatives obtained by the EDAS method.
Table 3. Rank of alternatives obtained by multi – criteria decision making
Method of MCDM
Rank of alternatives
EDAS
COPRAS
TOPSIS
SAW

CONCLUSION
In this paper, the evaluation of the routes for the oil transport from Bijeljina
to Derventa was carried out. Transport can be done through three alternative
routes, which are observed through five criteria. The analysis of these factors
was performed using VKO methods in the way that the selection of the most
suitable route was performed by the EDAS method, after which a sensitivity
analysis was performed using the TOPSIS, COPRAS and SAW methods. The
ranking of the alternatives obtained using the EDAS method indicates that the
alternative route E73 / M17, M14.1 represents the most suitable route for the oil
transportation from Bijeljina to Derventa. An analysis of these factors by means
of three additional methods was performed to verify the results obtained,
whereby for the calculation for each of these methods, the same ranking
alternative was obtained, as with the EDAS method. On the basis of the obtained
results, the alternative A1 is the most appropriate route for transporting oil from
the headquarters of Nešković d.o.o. to its business unit in Derventa. Accidents
occurring in the transport of dangerous goods are not frequent but cause
enormous consequences, so increasing attention is paid to the assessment and
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reduction of risks in this area. The future research related to this paper relates to
the possibility of using fuzzy logic or rough sets that treat uncertainties in a very
good way. It is also possible to include several criteria on which a multi-criteria
model should be based. One of such criteria is certainly the number of traffic
accidents that happened on a certain route of transport of dangerous goods.
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Abstract
In traditional subway traffic management schemes, individual metro
wagons are assembled in what is known as metro trains (consists) and these
metro trains stop at each and every station. This publication presents a new
traffic scheme whereby each wagon travels in a solitary and autonomous
fashion. The scheme comprises two modes. The first one is intended for light
traffic and reduces the waiting time for boarding passengers by a factor of
four. In the other mode, which is designed for heavy traffic, wagons do not
stop at all stations, which results in around 30 % of energy savings, shortens
travel times by nearly 10 %, and increases the metro tube capacity by 17 %.
The new scheme is illustrated in a computer simulation developed with the
Prolog programming language.
Keywords - metro system; metro wagon; traffic; energy saving;
throughput capacity; computer simulation

INTRODUCTION
Metro operators around the world are replacing train drivers with
computerized systems which keep the trains running in automatic mode.
This tendency is certainly the future of metro systems, because, in addition
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to the sizeable cost savings achieved, automation helps improve the quality
of service and the reliability of underground transportation.
This is not the first transformation from manual to automatic control to
ever happen. Legacy lifts were handled manually by a human operator. Lifts
nowadays are not manned by an operator, instead they travel in an automated
manner.
Automated subways will provide new opportunities for the optimisation
of metro traffic which are beyond the reach of manual controls.
One optimisation scenario will be presented in this article. We will
discuss the implementation of a new traffic scheme comprised of two
management modes.
The first one is referred to as Low Traffic Operating Mode (LTOM). The
key feature of the LTOM is that instead of being assembled in train consists,
the four metro wagons travel autonomously one after the other. This reduces
waiting times at station platforms by a factor of four.
The second one is referred to as Heavy Traffic Operating Mode (HTOM).
In the HTOM mode wagons will not stop at each and every station with the
benefits being significant reduction of travel times, energy savings, and
better capacity utilization of the metro tube.
The new scheme proposed in this article is partly at odds with certain
metro system management regulations [1, 2], because these regulations are
based on traditional processes and traffic management arrangements.
Traditional schemes rely on the physical presence of a train driver on board
the vehicle. Each section is split in block sections and traffic management is
supported by electronic and signalling infrastructures which guarantee traffic
safety and instruct train drivers how to run their trains. This arrangement has
intrinsic limitations arising from the so called limit values which restrict the
time intervals between trains as well as the throughput and carrying capacity
of the metro system.
The fact that the new scheme challenges certain regulations does not
mean that it is unfeasible. What matters here is that it does not challenge the
laws of physics. Regulations can be altered while the laws of physics are set
in stone.
Other related articles on the organisation of traffic in metro systems,
written by us and other authors, are [3, 4, 5, and 6].
A simulation program [7], developed with the Prolog programming
language [8], provides a visual presentation of the scheme proposed in this
article. The scheme under consideration is covered by a patent application
[9], and by an international patent application [10].
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THE LOW TRAFFIC OPERATING MODE
With the LTOM mode, wagons will stop at all stations provided that there
are disembarking or embarking passengers. Waiting times in this mode will
be reduced by a factor of four, because the going-through vehicles will be 4
individual wagons instead of one train with 4 wagons. In LTOM mode the
vehicles will not skip stations except where nobody wishes to get off or on
the wagon. This exception will, however, occur often because low traffic
means there will not be too many passengers, and the train will be split in
four individual wagons (therefore the expected number of disembarking and
embarking passengers will be four times less).
The LTOM mode will require some additional effort on the part of
passengers as they will have to indicate (signal) at which station they intend
to get off. This however is not a major effort. This effort is acceptable,
because the established rule in many urban transportation systems is that
passengers are required to flag their intent to disembark the vehicle.
Similarly, lift users need to tell the lift which floor they are going to by
pressing a button.
THE HEAVY TRAFFIC OPERATING MODE
In the HTOM mode, wagons will not stop at each station and will instead
skip stations in accordance with a certain pattern. This will be somewhat
more demanding to passengers as they should make sure to board the right
wagon. The issue will be solved by installing at each station schematic maps
with stations shown in four distinct colours to help passengers identify the
vehicle they need to use (see Figure 2). It’s worth noting that every station
has a direct connection so making of transfer is never needed.
The station platform will be divided in four smaller platforms, or subplatforms (see Figures 1 and 2). Only one wagon will dock at each of these
smaller platforms. The length of each wagon will be approximately onefourth of the length of the train consist that can dock at the full platform (i.e.
at the four sub-platforms).

Fig. 1.
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Fig. 2.
At Sub-platform 1 we will stop only wagons which will skip the next two
stations and stop at the third one. (Sub-platform 1 is the rearmost one in
traffic direction). Accordingly, at Sub-platform 2 we will stop only wagons
which skip three stations and stop at the fourth one. Sub-platform 3 will be
reserved for wagons which skip the next station and stop at the station after.
Wagons which are due to stop at the next station will dock as the last subplatform that is Sub-platform 4 (the foremost one in traffic direction).
The four sub-platforms (lined up in traffic direction) will be identified by
the numbers 3, 4, 2, 1 and will be coloured in yellow, red, blue and green,
respectively. With this colour coding system, green is the sub-platform for
wagons that are due to stop at the nearest station (the next one). Red is the
sub-platform for wagons due to stop at the furthermost station (the fourth one
starting to count from the station of departure).
It will matter from which sub-platform you board the vehicle. You will
need to choose the right sub-platform so that the wagon takes you to your
station of destination.
DESCRIPTION OF THE HEAVY TRAFFIC OPERATING MODE
We will drive each wagon according to the 1-2-3-4 scheme. This means
we will stop the wagon at the next station, then we will skip the next one and
stop the wagon at the station after, then we will skip the next two stations and
will stop the wagon at the third one, and will finally skip the next three
stations to stop the wagon at the fourth one. Then, will run the same 1-2-3-4
cycle from the beginning.
In this way, with 10 stations ahead each wagon will stop at 4 stations only.
In other words, the number of stations at which each wagon stops will be
reduced by a factor of 2.5.
For each wagon, we must count 1, 2, 3, and 4 in order to know in which
phase of the 1-2-3-4 cycle it currently is. We must also count the stations of
this wagon in order to know at which station we should stop it. Figures 1 and
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2 depict the wagons with the values of these two counters shown on each
wagon in (X: Y) format. In Figure 1 for example, the blue wagon (4:4) is just
leaving the red sub-platform and will not stop until it reaches the fourth
station. It is followed by another blue wagon (4:3), which will skip this
station and two more stations and will only stop at the third one (from the
perspective of this station it will stop at the third one, but from the
perspective of the previous station, i.e. the station of departure, it is due to
stop at the fourth one).
ESTIMATING THE EFFICIENCY IMPROVEMENTS
Let us have a metro line where stations are 1 200 meters apart. Let the
trains travel at 20 m/s (72 km/h). Let the acceleration and deceleration rate be
1 m/s2. Let the trains stay at each station for 10 seconds on the average.
In this setup, each needless stop will be a waste of 30 seconds (10 seconds
to halt, 10 seconds to stay and 10 seconds to depart). At a traveling speed of
20 m/s, a train will need 60 seconds to go from one station to the next one. In
this scenario, therefore, one-third of the time will be lost in stops and starts.
With the metro management method proposed here, the number of interim
stops is reduced by 2.5, so we skip 6 out of 10 stations to achieve time
savings of (6/10)(1/3) = 20 %. We should note that waiting times with the
same number of wagons will be 2 times longer (not 2.5 times because our
wagons travel 25 % faster), so it can be expected that the average time saving
achieved will be in the region of 10 %, assuming that waiting time is 1/10 of
travel time. This is possible when the intervals between the wagons are short
(e.g. one minute) and the station of destination is two or more stations away.
A journey to the next station only will not save time, in fact it will be
somewhat slower because the waiting time at the platform is twice longer.
Let us assume that half of the electricity consumed is spent on halting the
vehicle and then on setting in motion again, and the other half is spent on
keeping the vehicle going at constant speed. Thus, by reducing the number of
stops by a factor of 2.5 we achieve electricity savings of 30 %.
Now let us calculate by how much the throughput capacity of the metro
line will be increased. Assuming that each wagon is 20 meters long, a train of
4 wagons will need ca. 18 seconds in order to start and halt within 80 meters.
Then we add 10 seconds of station time and conclude that it takes at least 28
seconds for 4 wagons to go through. 10 wagons will go through in 70 seconds
(28  2.5).
With the new metro management method, at maximum load conditions we
will have two stops for 10 wagons. For the first stop we should start and halt
within 80 meters and for the second stop — within 120 meters. This makes
18 plus 22 seconds. Let us add 2  10 seconds of station time. The result is
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that 10 wagons at maximum load will go through in 60 seconds, i.e. the new
management method increases the capacity of the metro tube by around 17
%.
This does not factor-in the presumption that with less wagons stopping at
the station (one or three instead of four), the time they spent at the station
should be less. Therefore, the expected capacity improvement may even
exceed 17 %.
Another factor which is not accounted for is that with the new
management method the number of passengers getting on or off the wagons
will be 2.5 times higher. For example, if the proportion of passengers leaving
the wagon in the traditional management method is 10 %, now we will have
25 % of them heading to the doors. This may lead us to presume that vehicles
may stay at stations longer because there will be more people getting off and
on. On the other hand, in a crowded wagon those who are not disembarking
stand in the way of those trying to leave, so 25 % might disembark in roughly
the same time as would 10 %.
CONCLUSION
The Low Traffic mode described in this article is appropriate for all metro
lines.
Our Heavy Traffic mode is appropriate for metro lines with short
interstation distances wherein much time is lost in stops at intermediate
stations. In this mode, for the proposed scheme to be efficient, the journeys
should be long (in terms of number of stations). For example, if the average
metro journey is ten or twenty stations long, our scheme would bring
significant time savings.
The interstation distances in the third metro line of Sofia [11] are
relatively short. For the time being the line is not too long, but once the line is
completed its length will be considerable. Furthermore, according to the plans
the line will be served by automated metro trains without train drivers. This
makes the third metro line of Sofia a strong candidate for implementing the
new scheme. With this in mind, we sent a letter to Sofia Municipality [12] in
which we requested assistance in exploring the potential for implementing
our proposition in the construction of the third line of Sofia’s metro system.
The Heavy Traffic mode of our scheme is also appropriate for congested
lines which need solutions to improve their throughput capacity. Subway
systems in Asia are the ones most affected by the congestion problem and this
is exactly where we expect to see the strongest uptake of the new scheme
which we have proposed.
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Abstract
The City of Skopje adopted its first Plan for Sustainable Mobility
(SUMP) in 2011. Many measures and actions in line with recommendations
from the SUMP has been implemented over the last seven years, such as the
renewal of the public transport bus fleet, introduction of AVL and real time
passenger information system, implementation of smart ticketing system,
upgrading of the bicycle infrastructure, establishment of Center for traffic
control in real time, etc. However, there is one single measure, that has the
greatest potential and might have the biggest impact toward achievement of
better sustainability and livability in Skopje, and yet it is missing. In this
article, the author is building a case that Skopje badly needs a high
performance, high speed, high capacity mode of public transport. The
presented data on Skopje’s general and mobility characteristics show a
strong support for such statement.
Keywords - sustainable mobility; public transport; modal choice

INTRODUCTION
The capital of Republic of Macedonia, Skopje does not much differ from
other car oriented cities in terms of its traffic problems. Traffic congestion,
loss of time and lack of parking spaces are problems that its citizens are
faced with every day. The quest for traffic problem solutions has been
intensified even more recently, due to the enormous air pollution and the
strong public call for urgent actions. The city of Skopje has adopted its first
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SUMP in 2011 and since, the local government has been struggling to
implement as much measures and recommendations for more sustainable
transport, as possible. The public transport system has been greatly improved
by the purchase of new buses, the AVL system has been introduced together
with the system for real time passenger information. In addition, smart
ticketing system has been implemented and many of the bus stops has been
renewed. In line with the SUMP recommendations, the bicycle infrastructure
has been widening, and rent-a-bike system has been offered.
However, despite all these efforts, the city of Skopje’s transport system
lacks a major component that has the greatest potential for achieving more
sustainable mobility. The city of Skopje, given its size and mobility
characteristics, long ago, has overgrown its bus public transport system. The
regular bus system with vehicles that operate on the same street surfaces
together with the remaining traffic, offers low quality of service, mostly due
to the low travel speeds, low frequencies of service and lack of capacity on
some routes. The city greatly needs high performance, high speed, high
capacity mode of public transport.
The objective of this article is to make a case for the urgent need of high
performance public transport mode in Skopje.
SKOPJE AT GLANCE
Skopje is the capital of Republic of Macedonia. It covers an area of
571,46 square kilometers. Administratively, the city of Skopje consists of 10
municipalities, each with its own local authority, and the central local
government.
Given the existing local transport system, additional seven rural
municipalities are closely related with the city of Skopje itself. These
municipalities are served by the suburban/rural public transport system od
Skopje.

Fig. 1. Ten municipalities of the city of Skopje
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According to the data from the last census from 2002, Skopje has 506926
inhabitants. The estimates from the State Statistical Office for the end of
year 2015 is that the city of Skopje has 546346 inhabitants. If the
neighboring seven municipalities are included, the total population estimate
for the end of 2015 is 620913 inhabitants.

Fig. 2. The neighboring rural municipalities included into the Skopje’s public
transport system

Skopje is fast growing city. As figure 3 shows, its population has grown
four times over the last 60 years.

Fig. 3. Skopje’s population trends
Source [1]
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SKOPJE-SELECTED TRANSPORT AND MOBILITY DATA
The growth of population in Skopje has been paralleled with the
significant increase of the number of registered vehicles (Figure 4).

Fig. 4. Total number of registered vehicles and passenger cars in Skopje over the
period of 1980 to 2015
Source: [2]

The level of motorization in terms of passenger cars per 1000 inhabitants
is shown in Figure 5.

Fig. 5. Rate of motorization in Skopje at selected years
Source [3]

450

Skopje has no rail or any other high performance public transport system.
It is served by network of bus public transport lines. The buses operate on
urban streets with virtually no any form of priority provisions.
The public transport is provided by three operators: public company JSP
“Skopje”, owned by the city of Skopje, and two associations of private
operators: “Makekspres” and “Sloboda prevoz”. About 75% of the public
transport service is provided by the public company, while the rest is
provided by the private operators. [4,5,6]
Some basic operational data of the public transport operators are given in
the following table 1.
Table 1. Basic operational data of public transport operators

Source [7]

SKOPJE – TRANSFORMATION FROM PUBLIC TRANSPORT
TO CAR-ORIENTED CITY
The number of passengers/year carried by the public transport system for
the period from 1969 to 2016 is given in Figure 6.
As can be seen from the figure, the number of passengers had been
increasing up to 1989 when the peak of about 150 000 000 passengers was
reached. After this year, there has been continuous drop of the passengers till
2008, after which year the number of passengers per year stabilized at about
52 000 000.
It is interesting to notice that in 1969 god (almost 50 years ago) when
Skopje had about half of today’s population, the public transport system
carried more passengers than nowdays.
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Fig. 6. Public transport system of Skopje – passengers per year for the period
between 1969 and 2016
Source [8]

The modal shift in favor of passenger cars can be clearly seen from the
data for modal share in 1980 and 2009. (figures 7 and 8)

Fig. 7. Modal split in Skopje 1980
Source [9]

As can be seen from the figures the change in favor of use of cars is
significant. While in 1980 almost half of all trips were made by public
transport, and only 15,9% by car, in 2009 only 21,0% of trips were made by
public transport and 37% by car.
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Fig. 8. Modal split in Skopje 2009
Source [10]

What are the reasons for this significant shift toward the greater use of
cars?
Of course there are many reasons, some of them in line with trends all
over the world, such as the increased rate of motorization and the growth of
population standard. However, when it comes to Skopje, a significant factor
that has contributed to the deterioration of public transport usage is the low
attractiveness of public transport services:
 The public transport system consists of bus network of urban and
suburban routes, that operate on congested city streets with virtually
no provisions for priority treatment. Direct consequence of this are
very low journey speeds, which on some routes are bellow 14 km/h
during the peak hour of service.
 Despite the size of the city, the public transport network is based on
the concept of direct routes, with many predominately diametrical
lines with long overlapping sections in the central area of the city.
Since the planning of bus network has not been coordinated with
urban development, there are still sections of the cities that are not
directly connected. Therefore, many public transport users are forced
to transfer which becomes big disadvantage due to the low journey
speeds and low frequency of service on the individual routes.
 According to the existing timetables, the frequences of services on
individual routes are quite low even during the peak hour. When it
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comes to urban routes, there is only one line with headway of 6
minutes (the shortest on the entire network), seven with headway of 8
minutes and all other operate with headway longer than 10 minutes.
Almost half of the urban lines have headway longer than 20 minutes
during the peak hour of service! The situation is even worse with the
service on suburban/rural lines. Most of these routes operate with
headways longer than 60 minutes during the peak hour.
There is capacity deficiency on some lines.
There have been some problems with the smart ticketing system in
terms of lack of sales points and lack of options such as ticket for one
trip or one day only.

TOWARD SUSTAINABLE MOBILITY: THE NEXT STEP
The existing transport and mobility charasterics of the city of Skopje,
such as:
• The size of the city and the level of motorization
• Traffic congestion and lack of parking spaces
• Significant pollution coming from the traffic
• Distinct transport corridors – strong public transport passenger flows
(see figure 9)
• Low current journey speeds
• Capacity deficiency on some public transport lines
• Low current public transport frequency of service
• Inefficient network of rural/suburban public transport network
• Need for green solutions for the public transport
clearly make a strong case for urgent need to introduce a high performance,
high speed, high capacity public transport mode. These are modes of
transport that operate on a physically separated right-of-way, on a surface
with absolute priority at intersections (Light Rail Transit – LRT or Bus
Rapid Transit – BRT) or even metro or underground system that would
provide the highest level of service.
The introduction of high performance mode of public transport would
allow application of new, more efficient concept of network planning, based
on main routes operated with high frequency, high speed mode of transport
and feeder bus routes that would cover the remaining of the city.

454

Fig. 9 Distinct transport corridors - daily frequencies of public transport service
according to the existing timetables
Source [10] and the author

Fig. 10 Optional high performance modes: LRT, BRT and metro

Additional argument in favor of the need for high performance mode of
public transport can be offered by comparison of transport systems in EU
cities with similar population size with Skopje. Based on data from 2015
there are 34 EU cities with poplulation between 420000 and 640000
inhabitants. Among all these cities, Skopje is the only city without any type
of high performace public transport (metro, LRT, high performace bus, or
suburban rail)! Out of those 34 there are 14 cities that have metro systems!
CONCLUSON
The City of Skopje has been taking considerable steps in line with the
objective of achieving sustainable mobility over the last decade. However,
even a glance at the city’s major transport characteristics, clearly shows that
there is a very important step that is yet to be taken. This action has a
potential to greatly support and help buliding of sustainable transport system.
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What Skopje badly needs is introduction of high performance, high speed,
high capacity mode of public transport. The city of Skopje has simply
overgrown the existing bus public transport. The brief analysis presented in
this paper shows a range of strong arguments in favor of the need for high
performance mode of public transport such as: existing of strong transport
corridors, strong passnger flows, lack of capacity on some routes, very low
journey times, inefficient network of urban lines based on direct lines that
operate with low frequences, inefficient network of suburban/rural lines etc.
The introduction of high performace public transport could allow provison
of much better quality of service and thus to attract more passnegers and less
use of individal car.
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Abstract
Quality of service of Urban Public Transport (UPT) of passengers,
among other things, depends on the degree of uniformity of headway of
vehicles. Determination of the degree of headway uniformity of vehicles is a
complex process which demands simultaneous research in all the vehicles on
a certain line, along with obligatory time synchronization of the data. Within
this paper the results of research of headway uniformity in UPT in Novi Sad
on the number 2 line has been shown. By using statistical and analytical
parameters quantification of headway uniformity has been done together
with the analysis of propagation of headway disturbance within the system.
Keywords – headway; uniformity; urban public transport

INTRODUCTION
Functioning of modern urban environments is impossible to be imagined
without Urban Public Transport (UPT). After taking into consideration
spatial, economic and ecological criterions, UPT presents transport mode
without competition. However, the role of UPT in urban system functioning
greatly depends on service quality it offers.
In order to achieve the desired service quality, by designing network of
lines and daily schedules it is necessary that transport offer provides adequate
answer to transport demands presented to UPT. Properly designed system is a
basis but not a guarantee of service quality that will be offered to users.
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Difference between designed and realized service quality cam be
significant, and occurs as a consequence of different internal and external
factors on operation of UPT system.
On the lines where the designed headway is less than 15 minutes most of
the passengers come to stations without consulting the daily schedule [1,2].
On such lines accuracy is not crucial for users but headway and headway
uniformity. During realization of daily schedule the difference which occurs
between designed and realized headway presents the headway disturbance.
Decreased level of headway uniformity has negative influence of the
following three aspects of passenger travel: it prolongs the average travel
time for passengers [3], uncertainty of passengers travel time increases and
the comfort of passengers aboard vehicle decreases [2].
Determination of headway uniformity on a line does not present a problem
if the vehicles possess AVL (Automatic Vehicle Location) system, while in
contrary the determination of headway uniformity presents a complex process
which demands research in all the vehicles on a line at the same time, with
obligatory time synchronization of the data.
Previous researches within the UPT of Novi Sad haven’t enveloped
headway uniformity on lines. These previous research have been based
systematic and control counting of passengers with times that the vehicle has
passed certain stations, during which the determined times were not precise
enough to have headway properly calculated. This paper presents the
methodology and research results on headway uniformity research in the UPT
of Novi Sad on the number 2 line.
METHODOLOGY
Nonexistence of a modern information system which would track
movement of vehicles of lines of UPT in Novi Sad has caused complex
research in order to determine the degree of vehicle headway uniformity as
one of the basic parameters of service quality.
Basic goal of the research has been to create initial, reliable data base on
vehicle movement along lines, which demands measurements to be precise
within one second. As control points of vehicle movement bus stops along the
line have been chosen. Based on presented demands and goals, taking into
consideration what is known from this field, the expected results of the
research have been defined. Framework and extent of research has been
limited by material and human resources.
The line chosen to be researched is line number 2 (City Center – Novo
Naselje). Research has been done on the 20th April 2016 at two different time
periods: between 7:00 and 9:00 and between 11:00 and 16:00.
Designed static and dynamic elements have been provided by the
organization in charge of organization and management of UPT in Novi Sad,
The public city transportation enterprise of Novi Sad.
Line number 2 (City Center – Novo Naselje) is a radial line. Basic part of
this line connects Novo Naselje with city center, while only several
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departures pass by Satelit neighborhood. In the A direction line 2 is 4,9 km
long and in the direction B it is 5,0 km long. Direction A has 13 stops, while
direction B has 12 stops on the basic part of the line. This paper only analyzes
basic part of the line in the direction A. Line 2 is realized by buses,
functionally operating in mixed flow, without concrete measures for
management of headway uniformity.
In order to perform measurements in the field, it was necessary to perform
adequate preparation which completely perceived ways of organization of
public transport system, number of vehicle units used for realization of daily
schedules, places and times of departures of each vehicle according to daily
schedules, pauses in vehicles’ work, etc.
Research included all the departures in predefined periods. Research has
been performed manually. Each vehicle had one researcher which noted exact
moments of opening and closing of bus doors on each bus stop along the
vehicle’s route along the line with precision of one second. Times on all the
devices of all the researchers have been synchronized.
Based on obtained results a data base has been formed in MS Excel. Using
this data base statistical and descriptive analysis of the data has been
performed using software package Minitab.
Quantification of headway uniformity for vehicles is a complex process
which demands spatial-time analysis of high number of departures at the
same time. Process itself isn’t precisely defined in the professional literature
and most authors present different parameters: Standard deviation; Root mean
square deviation [4]; Percentage regularity deviation mean [5]; Coefficient of
variation of headways (Cvh) [6].
Based on advantages and disadvantages of stated parameters for
quantification of headway uniformity Coefficient of variation of headways
has been chosen. Deviation of the headway is determined as the difference
between realized and designed headway (Eq. 1). For determined values of the
Cvh coefficient the level of service (LOS) has been defined (Tab. 1).
Cvh 

standard deviation of headway deviations
mean scheduled headway

(1)

Table 1. Line headway adherence – Level of service [6]
LOS
Cvh
Comments
A
0,00-0,21
Service provided like clockwork
B
0,22-0,30
Vehicles slightly off headway
C
0,31-0,39
Vehicles often off headway
D
0,40-0,52
Irregular headways, with some bunching
E
0,53-0,74
Frequent bunching
F
<0,75
Most vehicles bunched
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RESULTS AND DISCUSSION
Under the influence of many different factors during the realization of
daily schedules certain dynamic elements differ from the designed values.
This chapter analyzes deviations of realized headways in comparison to
designed values. In accordance with the research period, and for the needs of
analysis time periods during the day have been determined for which same
working conditions of the system are valid (Tab. 2).
Table 2. Designed headways per periods during day
Period during day
Morning peak
Off peak
Afternoon peak
Designed headway (min)
7
12
7
First recorded departure
7:00
8:19
12:50
Last recorded departure
8:10
12:43
15:45

On the line, in accordance with the research methodology, for control
points the existing bus stops along the line have been adopted, where split
times were being recorded during operating time. Variations in split times
increase with the number of already passed bus stops along the line (Fig.1).
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Fig.1. Travel time (all periods)

Presented variations in time of vehicle movement along the line refer to
existence of difference between designed and real headways. Deviation of
recorded headways increases with the distance of the vehicle from the
terminus, or in other words the number of passed bus stops along the line
during operating time (Fig.2-4).
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Fig.3. Headway disturbance – Off peak
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Fig.4. Headway disturbance – Afternoon peak

Differences in vehicle headways are consequence of deviations in certain
realized components of vehicle travel time in comparison to the designed
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values. Variations in vehicle running time between stops shown on Box plots
show significant oscillations in running time on sections numbered 1, 4, 5, 9,
11 and 12 during all periods (Fig.5-7). Variations in times vehicle spends on
stops are lower, while highest values occur at the stop number 2 which in the
existing network of lines presents significant transfer stop with the highest
exchange rate of passengers (Fig.8-10).
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Fig.10. Dwell time – Afternoon peak

Based on presented Box plots it can be concluded that on the analyzed line
irregularities in the vehicle running time between stops observed in relation to
the dwell time of vehicles on those same stops have far greater influence on
the state of uniformity of headway.
Quantification of headway uniformity on the line has been done by hours
by using coefficient of variation of headways (Cvh). Based on the values of
coefficient of variation of headways (Fig. 11) it can be concluded that the
degree of uniformity of headway on the observed line differs per hours
during the day and per stops along the line. The best headway uniformity is
between 15:00 and 16:00 hours with the average value Cvh = 0,22 which
equals to level of service B (vehicles slightly off headway). The worst
headway uniformity is between 12:00 and 13:00 hours with the average
value Cvh = 0,59 which equals to level of service E (frequent bunching).
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Fig.11. Headway uniformity by hours along the line
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If each hour is individualy observed the values of coefficient of variation
of headways vary by stops along the line (Fig.11). By increasing the distance
from the terminus coefficient of variation of headways also increases, or in
other words headway uniformity decreases. For the whole day average value
coefficient of variation of headways on first several stops of operating time
are aproximately 0,3 while for the last several stops value of coefficient of
variation of headways increases for about 32% and it is 0,4. If observed by
hours, increase in headway disturbance by stops along the line becomes
more expressed for the hours with higher coefficient of variation of
headways.
CONCLUSION
Basic characteristic of urban lines with satisfactory service quality is high
frequency of vehicles which provide shorter waiting times on stops and
shorter travel times. However operational functioning of the system in high
frequency condititons is difficult. During operational functioning of the
system due to different factors frequent variations in vehicle running times
along the line. The variations that occur disturb the headway uniforimty.
This paper has analyzed headway uniformity on the number 2 line of
Novi Sad's UPT, during which for quantification of headway uniformity
coefficient of variation of headways has been used. According to the
mentioned parameter the average state of uniformity for the research period
equals to service level C, or in other words state in which vehicles on the
line often function off the headway. In the period with the best uniformity
the system functions at the service level B (vehicles slightly off headway)
while in the period with the worst uniformity service level is E (frequent
bunching).
Based on the completed analysis it can be concluded that iregularities in
running time observed in comparison to dwell times, have far greater
influence on the headway uniformity. With increased distance from the
terminus coefficient of variation of headways also increases, or in other
words it reduces vehicle headway uniformity.
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Abstract
A Public Service Contract (PSO) contract defines a complete set of
relations between the state as the side ordering the service and operator as
the side providing the service, which makes contract draw up and
management to present rather specific and delicate processes. It has been 10
years since introduction of regulation 1370/2007/EC and initial experiences
indicate significant differences regarding the approach to contract draw up
and the extent of its implementation. The key reasons for such a
development seem to be the environment and circumstances of a country
introducing a PSO. Without the previous understanding of environment and
circumstances in which a PSO contract is being developed, it is not possible
to understand the aims, quality and conduction of the contract. In this paper,
a sublimation of experiences of selected counties in context of contract’s
draw up, set up and processing of its aims, contents, allocation, surcharge
and payment policy, duration and other elements, is given.
Keywords – PSO contract; passenger transport; countries experiences

INTRODUCTION
The process of railway restructuring was set off at the initiative of
European Commission almost 30 years ago and is still being conducted
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throughout European Union and also out of it, with countries in the region
being the latest to enter the process. Experiences with conducting the process
vary, and it would seem that no ‘’universal recipe’’ for successful
conduction was developed. Proof for such a point of view are many
corrections and alterations of initial goals and accompanying regulatory
frame right from the start [1].
One of the main goals of restructuring is cutting the state subsidies
towards infrastructure managers and passenger traffic operators to the
greatest possible extent [1]. In order to fulfil such a goal, the state had to
alter its relationship with the subsidized companies. Thus this relationship
was shifted from a so to say family-like relationship in the era prior to
restructuring towards something being defined as more like a contractorservicer kind of a relationship. In this relationship the state now expects
something in return for the money it confines to the operator, and that
something is presented in the form of predefined results which are expected.
The main hallmark of such a relationship is a contract which the two
parties are now signing, in order for everything to be transparent and clear,
and to ensure the fulfilment of previously set requests by the state. The most
common form of contract between the state and passenger traffic operators is
called a Public Service Obligation (PSO) Contract, as it defines the will of
the state to practically force the operator into a service which is not
commercially justifiable [1]. About 90% of passenger traffic in EU is under
a PSO contract, and its draw up and management are rather complicated and
delicate processes [2]. Also, experiences in contract draw up and its
management vary across Europe and it would seem that they are closely
connected to the circumstances of the country in question [3]. In this paper,
the development practice is given for 4 countries with different strategies
when it comes to railway passenger traffic, i.e. different circumstances in
which a PSO contract exists. The countries selected are Germany, as a
country in which passenger traffic is dominant over freight traffic, and three
countries lying on Corridor X in which freight traffic is dominant. What also
differs in these countries is the time passed since the first introduction of a
PSO contract – Serbia (2016) and Croatia (2013) being the latest, Bulgaria
somewhat earlier (2004), and Germany for quite some time (1996).
CORE OF A PSO CONTRACT
After the restructuring, in order to create a clear and just relationship
between the state as the side ordering the service and the operator as the side
providing the service, the two sides agree upon a contractual obligation.
Both sides have their own interests and goals, which they both manifest in
the contract in certain manner. The state manifests its goals through requests,
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i.e. expectations from the operator, and those requests are usually stated in
the contract as key issues [3]. Although primary goals of the state are closely
in touch with its economical interests in virtue of cutting subsidies to the
operator, the requests it cites in the contract are primarily of political
character. These requests are primarily addressing the expected level of
service at the price set by the state in order to satisfy social needs.
Although circumstances in various countries may be different, it is
interesting to notice that the core of a PSO contract is more or less the same
everywhere [4]. A fact which can be rather helpful for contract draw up and
management, especially in the counties that have only recently introduced
public service obligation. The main differences in various countries actually
come from more exact issues a PSO contract addresses.
What is mostly the same in each PSO contract are the contents, i. e.
general issues it addresses, no matter the country in question [4]. Also, what
is also the same, no matter the country, is that a PSO contract presents a
political, economical and legal document which makes its form to be rather
unified.
To completely understand what a core of a PSO contract is, it is essential
to know the reasons why a PSO contract is being signed between the two
parties at all. The signing of a contract is the key for a successful relationship
between the parties, as it protects their own interests and guarantees carrying
out of predefined measures and goals.
To the state as one party, signing of a PSO contract is essential because:
 It clearly defines the expected level of service (both quality and
quantity);
 It ensures value for money;
 It makes budgetary plans for transport and traffic a lot easier.
To the operator as the other party, signing a PSO contract is essential
because:
 It clearly defines level of compensation for the non-profitable
service being provided;
 It enables long-term planning by guaranteeing compensation for as
long as the contract is valid;
 It ensures operating independence.
DRAW UP OF A PSO CONTRACT
As it was mentioned earlier in the text, contract draw up is a very delicate
matter, and far from an easy task. When drawing up a PSO contract, one
should take in the account various political, economical and legal issues of
the environment in which contract shall exist [5]. Also, there can be various
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setbacks with trying to reach an agreement between the two parties because
of their sometimes non-matching goals. It is therefore crucial, to take all
these issues into consideration, for a contract to be valid and to protect the
interests of both parties.
To make a well drawn up PSO contract, it is perhaps best to simplify
matters as much as possible. How well a contract is drawn up actually
depends on how clear the state presents its requests as the side ordering the
service, because these requests reflect the goals of the state for railway
passenger traffic. Therefore, these requests should be precisely defined, and
also realistic. This is especially important when it comes to requests
addressing the level of service - both in quantity and quality. A summary of
requests in Germany and countries on the road of corridor X is given in table
1.
Table 1. State requests stated in a PSO contract in selected countries
Germany
Croatia
Serbia
Bulgaria
 Tariff obligations
 Tariff obligations  Tariff obligations  Tariff obligations
 Service frequency
 Quality of service  Quality of service  Quality of service
 Quality of service
 Quantity of service  Quantity of
 Obligation to
(punctuality especially)

service

 Rolling stock

transport on
entire network

characteristics

 Train staff
 Marketing activities

As it can be observed in table 1, all of the selected countries have some
of the request which are the same (tariff obligation, service quality). Reason
for that is obviously that the states want to have control over these issues,
primarily on political grounds. Also, what can be seen in the table is that
Germany clearly stands out with its advanced requests compared to the other
countries. This can be explained due to Germany’s substantial level of
market opening and its clear passenger transport policy of not letting just
anyone operate on its network, rather only those operators that meet these
criteria. In Croatia and Serbia, situation is quite different, with very low and
non-existing level of market opening respectively, and rather unclear
passenger transport policies. Because of such unclear policies, these
countries have opted to state in the contract only the basic requests, thus
choosing a safer option for the time being. Bulgaria on the other hand, also
doesn’t have a substantial level of passenger market opening, but it does
have a clear passenger transport policy of obligating the incumbent operator
to provide service over the entire network.
What also should be of great importance, is to clearly define terms of
compensation payment, primarily the amount and dynamics. According to
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the contract payment is guaranteed, both in terms of the amount and
dynamics of payment, which is a great relief for the operator [4]. However,
such an approach bestows a hidden danger, because the operator can simply
take the guaranteed payment with presenting no viable results, thus
reinstating the ‘’status quo’’ situation from the period prior to restructuring.
That is the very reason why the state should quote in the contract that it
expects certain results for the compensation it provides. However, that is still
not enough to make the operator to operate more commercially, and to do
that the state must introduce bonuses for reaching (or even surpassing) the
expected results. Also, for underachieving, the state should apply penalties.
COMPENSATION PAYMENT CONDITIONS
From a strictly realistic point of view, the most important issue a PSO
contract addresses is the financial one – namely, the compensation for
providing a PSO service. The goals stated in the contract and its’ contents
are guided by political interests of the state to satisfy the public need for
transportation [6]. Need for transportation on certain lines is marked as a
matter of public interest. For these lines corresponding authorities call for a
need of a certain level of public transport service to be provided, and for
providing that service they are ready to pay a fair amount of compensation to
the operator who has no commercial interest of providing the service. To the
operator who agrees to provide the service, a PSO contract is handed either
directly or through a tendering process. As key issues, the contract defines
level of compensation, manner of payment and payment dynamics. Usually
the payment is being done in advance on monthly, quarterly or yearly basis
directly to the operators banking account [2]. To ensure getting something in
return for the compensation being paid, the state obligates the operator to
deliver the expected results. To oversee the results the state also obligates the
operator to submit annual reports and keep track of key performance
indicators (KPI).
Since payment is usually done in advance, in order for it to be fair and
transparent, all the expenses generated while providing the service should be
precisely forecasted and calculated. Therefore, the level of payment depends
on the operator’s expenses which the state recognizes and takes into
calculation. Because of that it is not uncommon for the payment in the first
years after introducing a PSO obligation to be somewhat unfair, since certain
experiences need to be gained in order to precisely predict the expenses, but
also to predict the projected revenues of the operator. In some types of a
PSO contract the operator is allowed to contain the revenues [2]. Table 2
shows the expenses being recognized by various states and general payment
dynamics.
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Table 2. Expenses being recognized and payment dynamics
Germany
Croatia
Serbia
Bulgaria
Expenses being recognized
 Costs are
 Staff
 Staff
 Staff
determined for each  Train traction
 Train traction
 Energy
PSO contract
 Power
 Power
 Track access
separately
 Track access
charges
 Track access
charges
charges
 Maintenance and
repair of vehicles
 Amortization and  Maintenance and
repair of vehicles
maintenance costs
 Rolling stock
 Administrative costs  Financial costs and  Debt payment
amortization

 Debt payment
monthly

Payment dynamics
monthly
monthly

monthly

From the table 2, a rather important conclusion can be drawn. It is clear
that all of the countries indubitably understand the importance a PSO
contract has in forcing the operator to do his business more commercially.
Thus all the countries have selected the payment dynamics to be on monthly
basis, with accounting realistic expenses and therefore letting (at least
formally) the operator to operate independent from the state. As it can be
seen all the costs that selected states acknowledge are more or less the same,
with Serbia and Bulgaria being exceptions with an extra category of debt
payment costs. In these countries states have assumed the payment of debts
made in the era prior to restructuring, which alleviates operator’s business.
In some other sense, Germany is also an exception because each contract has
its own expenses to be acknowledged. This is not due to the fact that
Germany has a higly developed cost accounting system compared to the
others selected, but rather because it is a large decentralized country (federal
republic), in which regional authorities form their own transport policies
under the supervision of one central authority.
TYPES OF A PSO CONTRACT AND CONTRACT AWARDING
The following section is about, what may be called, a gradual railway
market opening, that each PSO contract should consider. It is so to say a
hidden agenda of regulation 1370/2007/EC to achieve a satisfactory level of
railway market opening.
One of the first steps towards the desired goal is forcing the operator to
do his business on more commercial basis. This is determined not only by
the contents of a PSO contract, but also by its type. There are two types of
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PSO contract – gross and net contract. The main difference between the two
types is ticket sales revenue allocation. In a gross contract, all the revenues
go into state budget and all the expenses are covered through compensation
(subsidies), while in a net contract all the revenues go to the operator and the
difference between expenses and revenues is covered through compensation
(subsidies). Of these two types of contract, a net contract is the one which
actually makes the operator to do business on a far more commercial basis
than it the case of a gross contract.
The other aspect of a PSO contract which addresses the question of
railway market opening is the way of awarding it. According to regulation
1370/2007EC, a PSO contract can be awarded by a correspondent authority
(central, regional or local) directly or through a tendering process, depending
on the level of opened market. This means that a PSO contract recognizes
market competition, but reality is that in most cases contract shall be
awarded directly and not through a competitive tender. There are only a few
countries across EU which have reached an enviable level of market opening
[2]. In table 3 a summary of aforementioned is given.
Table 3. Types of PSO contract, and how a PSO contract is awarded
Germany
Croatia
Serbia
Bulgaria
Type of PSO contract
both gross and net
gross
gross
gross
Contract awarding
officially in a tendering
process, but to a sole
operator on the market
Corresponding authority awarding the contract
local and regional
authorities with the
central
central
central
supervision by central
authority
both directly and in a
tendering process

direct

direct

Table 3 is quite interesting to analyze, since from it the exact state of
passenger traffic in each of the countries can be observed. None of the
corridor X laying countries has chosen a net type of a PSO contract in favour
of a gross contract, while in Germany both net and gross contracts exist, with
net type being the more common one [2]. This situation is not only due to
Germany’s envious level of market opening, but is in fact mostly connected
to the burden of huge inherited costs which both the state and the operator
cannot avoid altogether in corridor X laying countries. For that reason
countries in the region have opted for the safer option of a gross contract,
with having in mind the switching to a net contract when circumstances
allow it, thus finally fulfilling the goal to make the operator do his business
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more commercially. For the time being, circumstances don’t allow such an
option, and a gross contract is a much more sensible decision.
As for the contract awarding process, it is no wonder that of the selected
countries only Germany has a true competitive tendering process when
awarding a contract to a certain operator, and that is, of course, thanks to the
fact that there is some real competition on the market. In other selected
countries where competition is virtually non-existent, contracts are awarded
directly to the sole incumbent operator. In Croatia and Serbia, as seen in the
table 3, it is even stated that contract is awarded only directly. In Bulgaria
contract is awarded formally in a tendering process, but in reality it is
actually given also directly to the sole incumbent operator – a tendering
process is officially transcribed, but only one competitor applies for it.
Although it might be only formal, the presence of a tendering process clearly
shows the vision of Bulgarian authorities to fully open the railway market
one day in the future.
When it comes to who is awarding the contract, no conclusions can be
made other than that it is the magnitude of the country which influences
whether a contract shall be awarded by central or other authorities.
Compared to the other selected countries, Germany is quite larger and it is
therefore logical that most of PSO contracts shall be awarded by local and
regional authorities, while in Croatia, Serbia and Bulgaria it shall be awarded
by central authorities.
DURATION OF A PSO CONTRACT
How long duration of the contract will be, varies for each case, and the
time passed from the beginning of the restructuring seems to have the crucial
role in determining it. In most cases, contract duration is shorter if less time
went by since the restructuring and vice versa [3].
According to the propositions stated in the regulation 1370/2007/EC, a
PSO contract is set to a maximum length of 15 years (Austria being an
exception with contract duration of 30 years), and a minimum length of one
year. During that period, a contract can be revised, which means it is subject
to changes on various issues. This is especially important when a PSO
contract has only recently been introduced, and experiences in forming and
managing it are scarce. It is therefore recommended that, in surroundings
where PSO contract is a novelty, duration should be no longer than 5 years.
In table 4 contract duration in countries in the region and Germany is given.
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Germany
2-12 years. Majority of
contracts last 10-12
years

Table 4. Duration of a PSO contract
Croatia
Serbia
5 years with
annual revision

1 year

Bulgaria
15 years with
annual revision

Contract duration can be a depiction of many things – how well a
contract is managed, stability of environment, degree of trust between
parties, etc. In this paper shall be offered the analysis only of what PSO
contract duration represents as a reflection of experiences in managing it and
the sense of the stability of environment.
From a logical point of view longer duration of a PSO contract, suggests
that the environment is more stable and also that the contract is being well
managed. Proving the fact is Germany with majority of contracts being
between 10 and 12 years – they haven’t opted for the longest possible
duration of 15 years, although Germans have vast experience in contract
management, since first PSO contract was introduces all the way back in
year 1996. This is probably because of the wish to encourage competition,
and by no means set it back. Bulgaria has opted for 15-year duration, for all
the just reasons – only one operator in a relatively stable environment with a
PSO contract being introduced since year 2004. That means that enough
experience in managing the contract has been gained. On the other hand
Croatia is the opposite case – recently introduced PSO contract (2013) and
relatively unstable environment with not much confidence between the
parties, so that parties renew the contract each year. This situation will
probably soon resolve as it is also the result of inexperience with managing
the contract. Also, this approach can be rather useful, because it keeps the
door open to an immediate introduction of a net contract.
Serbia presents quite an interesting case. A 5-year contract with a yearly
revision describes the situation exactly as it is. Restructuring process was
initiated very recently (2016), and virtually no experiences in managing the
contract exist, plus the environment is rather unstable. So it is no wonder that
this ‘’cautious’’ approach was picked, because it takes some time to gain
experiences. It means that gross contract shall be valid for some time, but
with new experiences and changes in environment, a net contract could be
eventually introduced, fulfilling the goal of the state.
CONCLUSION
Many conclusions can be drawn from the whole story about a PSO
contract, but not any of them is more precise than the one that states that
everything is rather relative. Obvious is, that everything from the contract
draw up, via choosing the type of contract, to managing the contract is
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variable and depending on circumstances of the country – mainly the public
transportation policy and financial circumstances. Each of the countries has
adjusted the contract to its own circumstances, with vision to one day open
the railway market completely. For some countries it is almost reality, while
the others are only at the beginning of the process. However, it is clear that
each country has the vision to open the railway market some day in the
future, and those who have not done so have Germany as an example of how
things should be done, even though circumstances in passenger transport are
not ideal even there. It can be seen from the example of Germany that the
level of market opening has consequences on draw up and management of a
PSO contract. A fine example for such a citation is that more than 300
operators on an open market allow the state to set various criteria while
handing the contract, and also gives the state full security when asking for
something in return – value for money.
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Abstract
The passengers’ behavior on suburban public transport lines is
significantly different from the passengers’ behavior/the one on urban lines.
According to the research results on the Novi Sad network lines, the list of
passengers on urban lines where headways are under 15 minutes is random
without previous consultation scheduled - stochastic. On the other hand, on
suburban public transport lines when the headways over 25 minutes the
passenger boarding is according to schedule, in effect the highest intensity of
arrivals is immediately before leaving the vehicle. The aim of this paper is to
determine different waiting time of a passenger on one public transport line
when headway is over 25 minutes. The paper also presents real results
obtained by measuring waiting time of passengers on one suburban line.
Keywords - passenger waiting time; suburban line; headway; bus stop

INTRODUCTION
Travel time in public passenger transport (PPT) consists of the following
elements:
- walking time from the source to the starting point PPT
- waiting time of the vehicle
- travel time
- transfer time
- walking time from the exit point to the destination

¹ professional paper
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The problem of determining the passenger waiting time at bus stops
appears when solving practical problems associated with the design and
operation of urban public transport (UPT) [1,2].
Waiting time at a bus stop is often a major problem and one of the key
factors that increases the total travel time and makes public transport more
unlikely for use.
Passengers’ waiting time depends directly on the headway on the line
when headways are under 15 minutes [3].
When headways are longer, gathering of passengers at stops is few
minutes before the vehicle arrives.
Literature review consider previous research on waiting time. In part
“waiting for a bus“ it will be said something more about waiting time.
“Methodology” will show research methods. After that the research results
will be presented, while the final part will present conclusions and
recommendations for future research.
This paper presents passengers’ waiting time during the rush hour when
headways are minimum 20 minutes, and the third bus stop was analyzed so
that the headway disturbance would not affect the research results.
Particularly the results of the passengers’ average waiting time during the
morning peak will be analysed when headways are between 20 and 30
minutes.
LITERATURE REVIEW
During the 1970s, research was done in Europe. It included passengers’
arrival and median waiting time.
Research has shown that passengers do not arrive randomly on bus stops
when headways are longer and arrive few minutes before the vehicle arrives.
The Braendli and Mueller study proposed a passenger arrival model in
which passengers are divided into two groups: [4]
• Passengers who do not know the timetable (schedule-independent) and
thus arrive randomly at the station; or
• Passengers who know the departure time of the next trip (scheduledependent).
In this study, there are many reasons why passengers that know the
timetable do not arrive at the same time as the arrival of the bus.
Van Evert developed the connection between frequency and waiting time
[5].
Analyzing Dhaka bus system based upon field surveys and found that
passengers’ waiting time in peak and off peak period depend on the driver’s
behaviour and stop time at the previous bus stop [6].
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Although the passengers see the timetable before arriving at stations,
information on the real-time vehicle arrival can significantly increase
passenger safety [7].
WAITING FOR A BUS
Passengers’ waiting time depends on the bus headways of one or more
lines that use bus stop where the passengers are waiting.
Passenger's expected waiting time at the bus stops is equal to half of the
headway in high-frequency services.
However, if the passengers plan their arrival to the bus stop, the open
waiting time is likely to be considerably less than half the time between
departures in low-frequency services [8].
The book presents the relationship between headway and average
passengers’ waiting time for the conditions: passengers’ random gathering,
timetable-based passengers’ gathering and actual passengers’ gathering
(Figure 1) [3].
Figure 1 demonstrates that passengers’ gathering on urban lines where
headways are under 15 minutes is random and average waiting time is equal
to half of the headway, while for headways over 18 minutes passengers
begin to use the timetable.

Fig. 1. Average passenger waitng time as a function of headway (Vuchic, 2005)

According to research bus system in Athens it was noticed that older
elders, employees, and students increase perceived waiting time and lead to
an overestimation of actual waiting, while perceived waiting time decreases
in the morning [5].
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METHODOLOGY
In this research, passengers’ waiting time of the morning-peak period was
measured at one bus stop of local buses operated by Autotransport company
Pancevo.
The research was conducted in December 2017 from 5 to 7:30 a.m. on line
2 (Kotež 1 - Center - Dolovo) at the third stop from bus turner in Dolovo.
This bus stop is set in the center of the country, so most passengers from
Dolovo wait here. During the research, vehicles arrived according to the
timetable, without any changes.
The survey included five vehicles with two different headways shown in
the table (Table 1).
Table 1. Bus arrival time and headways
Bus arrival time (h:min)

Headway (min)

5:33
5:58
6:33
6:58
7:33

35
20
35
20
35

RESULTS
Bus headways are different so we look average passenger waitng time
especially when intervals are 20 minutes and 35 minutes, as shown in table
(Table 2).
Table 2. Average passenger waitng time
Headway (min)

Average passenger waitng time (min)

35
20

7
8

Research shows that average passenger waiting time is slightly longer
when the bus headway is 20 minutes. Although passengers use the timetable
and know when the bus arrives, they do not arrive a few minutes before the
bus arrives, but some passengers wait much longer.
The following figures will show passengers’ waiting time when the
headways are 20 and 35 minutes (Figures 2 and 3).
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Fig. 2. Passenger waiting time, headway 20 minutes

Fig. 3. Passenger waiting time, headway 35 minutes

If we look at both graphics we see that, in both cases, the largest number
of passengers spend as much time waiting for the bus as the average waiting
time. When headways are 35 minutes the highest percent of passengers come
a few minutes before the bus arrives, i.e. the average waiting time of the bus
is 7 minutes. When the headway is 20 minutes long, passengers arrive
uniformly before and after average waiting time.
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CONCLUSION
This research shows that although passengers use the timetable, they still
do not make it to a bus station when the vehicle arrives. For 20-minute
headways, average waiting time is 8 minutes. If the headway is 35 minutes
long, average waiting time is 7 minutes.
This paper confirms that passengers’waiting time does not depend directly
on the bus headways and that average waitng time is not always equal to half
of the headway.
In future research, waiting time should be measured during the 25, 30 and
40-minute headways in order to see whether or not average waiting time will
decrease respectivily. Future research may focus on observing passengers’
waiting time in the off-peak period at the same headways from this paper.
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Abstract
The satisfaction of customer needs and demands is a means to achieve
customer satisfaction and to manage transportation requirements. The
perceptions of the service quality of public transport by the user of the
subjective character, so the user actually behaves according to its assessment
of the suitability of the transport, which is generally not objective.
Accessibility in the function of public transport strengthens the economy,
deals with the conservation of energy and resources, increases the value and
real estate development, mobility in small urban and rural communities…,
and all this contributes to better quality of life. The subject of this paper is
tracking the service quality in public transport in Nis, in such a way that by
answering transport users, answers to the questions relevant for further
analysis of the quality of the public transport system in order to increase
traffic accessibility will be obtained.
Keywords – traffic accessibility; public transport; quality of service

INTRODUCTION
Building more roads in cities and areas with lower incomes is the most
important task in creating the conditions for implementing efficient transport

¹ professional paper
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solutions. However, urban planning and design for these and other cities
with medium and higher income levelsis crucialto change the distribution
and availability of transport solutions. Urban planning and design should
focus on how to connect people and places making cities more accessible to
residents, not just increasing the length of roads or increasing the volume of
people and goods.
In many cities and developed countries, a large part of the population can
not afford to pay the price of a ticket to use public transport, orto buy a
bicycle. Others choose not to use them because public transport is
considered to be insufficiently safe, inaccurate, dirty, inadequate, and
residents who have a bicycle avoid driving them because they consider the
roads unsafe to use bicycles due to the lack of adequate infrastructure.
Investing in infrastructure for non-motorized traffic and accessibility of
public transportation use is a more sustainable solution than usinglimited
funding resources.
In the first part of the paper, accessibility is explained and the definitions
of traffic accessibility of certain authors are given. Then the service quality
of the public transport system with its parameters is defined. Also, quality
characteristics are explained as well as the consistency between the realized
quality of service and what the users of the transport service want. The last
part describes how to measure quality and convenience, while in the last
section data on service quality parameters are estimated by public transport
users.
GENERAL IMPORTANCE OF TRAFFIC ACCESSIBILITY
The concept of accessibility should be viewed from the point of view of
the extent to which potential travelers who have certain transport
requirements, individual suburban settlements accessible public transport
system, and hence the urban area, and from the point of view of these limiting
factors.
Accessibility (or only access) refers to the ability to access desired goods,
services, activities and destinations (collectively referred to as options) [1].
Accessibility is the ultimate goal for most journeys, except for the small part
where movement is in itself a goal (running, riding a horse, driving pleasure),
without a destination. This perspective assumes that there may be many ways
to improve transport, including improved mobility, improved land availability
(which reduces the distance between destinations).
Accessibility is a broad term that refers to ease of access to a certain
content. It is defined in different ways [2]:
"Accessibility is the ability or ease of reaching different destinations or
places offering opportunities for the desired activity[3].
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"Accessibility implies that people can reach certain content with
reasonable expenses, for reasonable time and with reasonable ease[4].
"Accessibility refers to ease of access to goods, services, activities and
destinations, which are collectively referred to as capabilities[5].
Accessibility can be:
‒
Spatial - refers to the
spatial distribution of acontent in relation to users who issue a request
for its use, and
‒ Temporal - refers to time of providing a certain service during a day,
week or longer period in relation to the available time for the user to
use the service.
In most cases of transport planning, assume that greater availability and
mobility are provided by a useful society. For example, many people dream
of living in an isolated rural community or on an island for peace and
community cohesion. Expansion of transport capacities and larger transport
vehicles intend significant external costs (such as increased cost
infrastructure, loss, accident risk, neighborhood disruptions, energy
consumption and pollution emissions). Therefore, a comprehensive analysis
of availability and mobility should explain this cost, and does not assume that
greater accessibility and mobility is necessary.
DEFINING QUALITY IN PUBLIC TRANSPORTATION
In order to define a service quality, it is first necessary to explain the
quality of the public transport system that users perceive subjectively, that is,
the userreally behaves according to his/her assessment of the similarity of the
transport, which is not, as a rule, objective. The service quality makes
accuracy, uniformity, comfort, walking, price, information, kindness,
cleanliness in the vehicle ... The consequence of the service quality generates
the system quality in a manifestation such as timetable, fare system...
Depending on the author, there are differences in defining the quality of
the transport service. According to some authors, a method for "recognition"
of the quality is known as susceptible, one-dimensional and obligatory. The
standard series of JUS ISO 9000 quality is defined as a comprehensive
feature of an entity that has a relationship of the genetic ability to satisfy the
growth required [6]. In the standards IEC 50-191 (1 / 191-19-01), the service
quality is defined as a general effect of the service that determines the level of
satisfaction (need) of the user service, while emphasizing the quality services
of the complex inherent in quality.
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PARAMETERS OF QUALITYOBTAINED THROUGH
PERFORMANCE OF THE SERVICE QUALITY
The service quality in the public transportation system can be viewed
through four aspects that are of paramount importance, and whose nonrecognition can significantly slow down efforts to achieve a consistency
between the realized quality of service and what the users of the transport
service want. They are the following [7]:
1. The desired (expected) quality - based on the passengersflow and their
requirements. In its work it deals with quality requirements
2. Designed (planned) quality - combines static and dynamic line
elements. Special attention is paid to the accumulation and flow of
passengers, wait time and comfort in the vehicle.
3. Realized (objective) quality - implies objective determinationwith
realized: driving routines, intervals, accuracy and evenness, waiting at the
stops ... Based on the objective facts, the obtained quality of the transport
service that deals with losses in time, walking, price services, information
possibilities, cleanliness of vehicles and views, courtesy of driving staff is
generated ...
4. Experienced (evaluate) quality - represents the level of the service
quality that transport users perceive. This subjectively experienced quality
results in an estimated waiting time, experienced comfort, mobility and way
distribution.
The European standard EN13816 provides institutions with a useful
theoretical and practical framework for defining the benefits. It offers
recommendations for the development of methodology for defining goals
and quality measurements, and provides a detailed list of elements that
together constitute the service quality provided to users. The list of elements
can help institutions take into account the complete experience of
passengers. For example, although the duration of the journey is the most
obvious aspect of the benefits, users also have access to information or
weather availability [8].
EVALUATION OF THE SEVICE QUALITY
As quality in public transport represents the degree of satisfaction of
users' needs, its assessment would not be complete and possible without
exploring and evaluating the user's views on the service rendered.
The methodology of the conducted research of the estimated level of
service quality by the users of public transportation system envisaged the
classical application of the assessment method by assigning grades where a
five-step scale from 1 to 5 was used (1 - not satisfied; 2 - satisfied; 3 - good; 4
- very good; 5 - great).
The research was conducted from 5th to 6 th december, 2017. where 560
users were surveyed, in which current and potential city transport users, at the
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station or near them, on the street, responded to prepared questions. The
service quality parameters were customized to the city in which the research
was done, but the essence is the same. Based on the answers offered, they
unambiguously responded (give estimates) to the different parameters of the
service quality by their own choice with grades from 1 to 5,which is shown in
Table 1:
Table 1. Evaluation of the quality of transport service quality (1-5) in Nis
EVALUATION OF QUALITY PARAMETERS FROM 1 TO 5
Parameters of
Mark 1
Mark 2
Mark 3
Mark 4
Mark 5
Quality
Reliability and
driving time
Network line and
walking time
Comfort in
driving
Equipment and
appearance of the
vehicle
Equipment and
arrangement of
stations
Transport
Information
Courtesy and
regularity of staff
Total
Average (%)

Average
Mark

No

%

No

%

No

%

No

%

No

%

72

12.9

112

20.0

154

27.5

144

25.7

78

13.9

3.08

87

15.5

133

23.8

102

18.2

117

20.9

121

21.6

3.09

68

12.1

78

13.9

89

15.9

138

24.6

187

33.5

3.53

92

16.4

97

17.3

165

29.5

121

21.6

85

15.2

3.01

102

18.2

128

22.9

106

18.9

119

21.3

105

18.7

2.99

100

17.8

79

14.1

128

22.9

136

24.3

117

20.9

3.16

76

13.5

104

18.6

104

18.6

145

25.9

131

23.4

3.27

597



15.3

731



18.6

848



21.6

920



23.4

824



21.1

The selected quality of parameters were evaluated by users with
marksfrom 1 to 5, and the obtained results showed that the highest number of
respondents gave an average mark 4,and approximately the same ratio of
grades 3 and 5, they represented 21.6% and 21.1% respectively. The lowest
mark 1 was given by the smallest number of surveyed public transport users
(15.3%). The results, thus obtained, can be interpreted as a statement of
satisfied users whose needs and necessity of using public transport are seen at
a much higher level than previously.
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Fig.1. Display of the average assessment of the quality of service

The biggest average rating is the "comfort indriving" parameter with 3.53,
and there are also the characteristics of "courtesy and regularity of staff" and
"transport information" with an average score of 3.27 and 3.16 respectively.
At the last place is the parameter '' 'equipment and arrangement of the
position' 'with a grade of 2.99, as well as the "equipment and appearance of
vehicles" with an average grade of 3.01.
THE RANKOF THE QUALITY OFPARAMETERS
In order to be able to classify the qualityof service parameters according to
the significance, from the aspect of the transport user, the ranking of these
parameters was done, ranging from the first to the last. As the most important
(rang 1), the parameter that the users selected (ranked) is the most important
for them, while the last (rang 9) is the parameter that is not so important
based on their subjective thinking. The results of the ranking are given in
Table 2:
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Table 2. The rankof significance of the quality of parameters in Nis
The rank of
significance
A
B
C
D
E
F

1

2

3

4

5

6

7

8

9

Σ

No

105

104

69

44

56

40

47

62

33

560

%

18.7

18.6

12.3

7.9

10.0

7.1

8.4

11.1

5.9

100

No

137

107

63

93

45

73

20

13

9

560

%

24.5

19.1

11.3

16.6

8.0

13.0

3.6

2.3

1.6

100

No

111

98

106

73

48

41

32

34

17

560

%

19.8

17.5

18.9

13.0

8.6

7.3

5.8

6.1

3.0

100

No

91

97

72

83

66

33

52

35

31

560

%

16.3

17.3

12.8

14.8

11.8

5.9

9.3

6.3

5.5

100

No

60

93

45

83

92

82

43

52

10

560

%

10.7

16.6

8.0

14.8

16.4

14.6

7.8

9.3

1.8

100

No

79

82

79

94

67

42

53

42

22

560

%

14.1

14.6

14.1

16.8

12.0

7.5

9.5

7.5

3.9

100

No

116

89

78

96

45

27

37

32

40

560

%

20.7

15.9

13.9

17.2

8.0

4.8

6.6

5.7

7.2

100

G

A-Reliability and driving time; B-Network line and walking time; C-Comfort
in driving; D-Equipment and appearance of the vehicle; E-Equipment and
arrangement of stations; F-Transport Information; G-Courtesy and regularity
of the staff.
The "Network line and walking time" was ranked first and second in terms
of importance, and approximately the same as "Courtesy and regularity of the
staff". The "Comfort in driving" is of the third rank in importance.
"Transport Information“isnumber 4 in rank. The other parameters
haveapproximately the same ranking,numbers 8 and 9.
CONCLUSION
Increasing the quality of public urban passenger transport by reducing
travel time is a gradual and slow process of realizing static and dynamic
parameters that characterize public transportation as a system. Planning and
designing of public transportation must go from users who subjectively assess
quality and have different attitudes and behaviors.This research concerned
about users who primarily depend on public transport, and have minimal or
no income.
The highest number of respondents gave an average mark4, and
approximately the same ratio of grades 3 and 5, they represented 21.6% and
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21.1% respectively. The lowest mark 1 was given by the smallest number of
surveyed public transport users (15.3%).
The highest average mark has a "Network line and walking time"
parameter with 3.6. In the last place is the parameter '' equipment and
appearance of the vehicle '' with a rating of 3.12. In ranking the significance
of the parameters, "Frequent vehicle hitch" was ranked first and second in
terms of relevance.
The highest average mark is the "comfort indriving" parameter with
3.53,and the last place is the parameter „equipment and arrangement of the
position“ with a rating of 2.99.The "Network line and walking time" was
ranked first and second in terms of significance.
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Abstract
The main objective of the European policy of rail transport is the
development of a single railway area. The opening of railway sector to
market competition impose that railway undertakings behave like any other
modern enterprises in other markets and in other industries. It means, they
must constantly develop and maintain competitive advantages, and be better
than others. In today's very intense competition conditions this is the most
difficult to achieve. The railway undertakings are challenged to find optimal
solutions to operate efficiently and effectively, in order not only to survive
on the transport market, but also to develop and maintain a competitive
advantage. A wide range of criteria can be studied when it comes to the
efficiency of railway undertakings. In most cases there are several criteria
that are often mutually conflicting. The aim of this study is to define and
evaluate the criteria that influence the efficiency of railway undertakings and
increasing of their competitive ability and to propose a model for the
evaluation of the effectiveness and efficiency of railway undertakings in
order to increase the competitive ability. To solve the problem of indicators

¹ original scientific paper
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selection, it was experimented with one of the most used methods for
making decisions today - Fuzzy analytic hierarchy process (FAHP).
Keywords - railway undertaking; efficiency; criteria; fuzzy AHP
INTRODUCTION
Today, the modern business primarily involves a highly demanding
market battle, regardless of whether it is production or providing transport
services. Great competition requires that the organization of the company
becomes a central determinant of business, while the activities that are being
implemented are fully harmonized and financially cost-effective for both the
carrier and the users of services. In order to survive on the market,
companies are trying to find the optimal relationship between the resources
invested and the achieved goals. The efficient railway transport is a very
important component of the economic development on a global and national
level. It is therefore of particular importance to rationally restructure the
railways and develop their competitive capabilities. In a large number of
countries in Europe, but also in other countries of the world, standards have
been adopted regarding the restructuring of the railway system. Appropriate
legal acts were adopted for the transformation of railways. The previous
stages of restructuring did not allow complete liberalization of the railway
transport market, the expected positive operation of the railway sector,
fulfilment of the requirements of the transport market, raising the quality of
railway services to the required level, interests of the community at national,
regional and local levels and others. The restructuring of the railway system
brought only partially positive business results in the main railways or panEuropean corridors, mainly in transit traffic (Stojić et al., 2012). Although
the quality of the services of the railway system has slightly increased, it is
still far from the quality required by the transport market.In providing
adequate quality of railway services, railway undertakings have a very
important role in addition to railway infrastructure in terms of: reliability,
frequency, timetable, traffic speed, safety, organization of work in railway
stations, competitive prices in the transport market, etc. In the present
conditions in a large number of countries, transport is mainly performed by
national operators that have emerged from the transformation - a division of
railway companies. Mostly these companies are managed by the state.
The complete liberalization of the railway transport market implies,
above all, a free and non-discriminatory access to the railway infrastructure,
with the fact that the transport function is performed by a larger number of
operators on the appropriate national railway network. The effectiveness and
efficiency of transport activities significantly affect the profitability of
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business of all entities involved in the process, but they cannot be provided
without much effort in the process of quality management and transport
activities. In order to assess the proper performance of operations in the
railway transport of goods (freight transport), i.e. the efficiency of railway
operations, it is necessary to define and determine appropriate indicators.
Bearing in mind that the efficiency of the railway transport makes the
number of services offered and the content of services that have been
implemented, it is necessary to determine the criteria that can define
efficiency. Deciding on the selection of criteria for assessing the efficiency
and effectiveness of railway undertakings is a very complex process and
belongs to the domain of strategic decisions. The adoption of this decision is
in the function of managing the railway undertaking and as such, this activity
is complex, creative and permanent. In order to decide on the selection of
criteria for assessing the efficiency and effectiveness of railway
undertakings, it is necessary to evaluate the proposed variant solutions of
different criteria. How to evaluate them is the key issue in determining the
method. There is a wide range of criteria that can be studied when it comes
to the efficiency and effectiveness of railway undertakings. In most cases
there are several criteria that are very often conflicting with one another. To
select the best method of evaluation or decision-making in the selection of
criteria, previous experience and literature in this field indicate that the
problem should be addressed by multi-criteria decision-making methods. In
this paper, it is experimented with one of the most popular methods for
decision making today - Fuzzy Analytic Hierarchy Process (FAHP).
FUZZY ANALYTIC HIERARCHY PROCESS (FAHP)
The analytic hierarchy process (AHP) method developed by Tomas Saaty
is widely spread, has been in use for over 25 years and a number of softwares
are developed to support its application. This method is a tool in decision
making, designed to provide decision makers in solving complex decisionmaking issues involving a larger number of decision-makers, a greater
number of criteria, and in multiple time periods. Detailed explanations of this
method are provided in many references that deal with decision theory. In this
regard, the paper presents a new approach to the AHP method using interval
fuzzy numbers and the application of the modified fuzzy AHP method in
defining and evaluating criteria that influence the evaluation of efficiency and
effectiveness of railway undertakings. Different methods for transferring the
previously mentioned AHP method into its fuzzy form are presented in the
literature (Bottani, 2005). In addition, the paper (Van Laarhoven and Pedrcyz,
1983) is proposing a first study that introduces principles of fuzzy logic in the
AHP method, using triangular fuzzy numbers. At the same time, a study from
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Buckley (1985), initiates that the trapezoidal fuzzy numbers are expressing
assessments of decision makers, while the authors of the study (Boender et
al., 1989) presented modification to the fuzzy multi-criteria method proposed
in Chang's paper (1996). In the study (Chang, 1996), the severity of the
criteria is calculated as the minimization of the logarithmic regression
function. In this way, the weight alternatives are calculated by each criterion
separately, while the aggregation of calculated weights can determine the
fuzzy final result of the alternative. The study (Cebi and Bayraktar, 2003)
presents a new approach to solving the AHP phase (FAHP) using triangular
fuzzy numbers. This approach is called an extended analytical method that
can be summarized as follows: define the association function for each
attribute and sub-attribute, then calculate their degree of association and
ultimately apply the AHP phase for weight aggregation. Also, Vesković S., et
al. (2015) apply FAHP to evaluate the criteria for public transport
obligations.Fuzzy sets generally use triangular, trapezoidal and Gaus fuzzy
numbers, which convert uncertain numbers into fuzzy numbers. Using more
complicated fuzzy numbers such as trapezoidal or Gaus, allows a more
precise description of the problem of decision making. However, triangular
fuzzy numbers are also widely used, especially in the following
circumstances:
 when there is a greater complexity of calculation as a consequence
of complexity of functions,
 when simplifying the fuzzy mathematical operations due to the
use of triangular fuzzy numbers,
 when it is more difficult to define the functions of association as a
consequence of the complexity of fuzzy numbers and
 when the triangular fuzzy numbers effectively represent estimates
made by a number of decision makers.
To solve the problem of defining and evaluating the criteria for assessing
the efficiency and effectiveness of railway undertakings, this paper uses
triangular fuzzy numbers (Chang, 1996).
CRITERIA FOR ASSESSING EFFICIENCY AND EFFECTIVENESS OF
RAILWAY UNDERTAKINGS IN FREIGHT TRANSPORT
For the purpose of defining and evaluating the criteria, a research of the
most frequently used literature criteria regarding efficiency and effectiveness
of railway companies was carried out. An analysis of the railway
undertakings from EU countries, as well as Bosnia and Herzegovina was
performed. In addition, railway experts have been interviewed.Based on the
conducted research, it was concluded that a number of criteria are used.
Grouping of criteria in the railway system can be done in different ways. In
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terms of level of measurement, it is possible to define the criteria at strategic,
tactical and operational level. Railway systems represent complex systems
with numerous interconnected subsystems, processes and activities. Each
subsystem, process or activity is characterized by certain criteria. Based on
literature and knowledge, the following criteria of the freight transport
operator are defined.
Table 1. Criteria for assessing the efficiency and effectiveness of railways
undertakings in freight transport
Group
Criteria
Network length
Resource criteria (capacity)
Available rolling stock
Number of employees
Commercial speed for freight trains
Quantity of transported goods/freight
Operational criteria
Net tonne km
Gross tonne km
Train km
Total income
Profit per employee
Financial criteria
Electricity costs
Fuel costs
Railway infrastructure charges
Availability of services
Suitability – ability of offered services
Service quality criteria
Stability of services
Reliability of services (overdue delivery time)
Number of serious accidents per train km
Safety criteria
Number of accidents per train km
Number of incidents per train km

Detailed explanations, essence and meaning of all groups of criteria were
presented in the Doctoral Dissertation Blagojević, A., “Modeling the
efficiency and effectiveness of railway undertakings”. All criteria are with
linear preference and evaluated according to the linguistic scale of importance
provided in Table 2.
Table 2. Linguistic variables and their corresponding fuzzy numbers
Triangular fuzzy
Reciprocal value
Linguistic variables
numbers
triangular fuzzy numbers
Equally preferred
(1.1,1)
(1,1,1)
Weakly preferred
(1/2,1,3/2)
(2/3,1,2)
Fairly strongly preferred
(3/2,2,5/2)
(2/5,1/2,2/3)
Very strongly preferred
(5/2,3,7/2)
(2/7,1/3,2/5)
Absolutely preferred
(7/2,4,9/2)
(2/9,1/4,2/7)

497

RESEARCH RESULTS
The assessment of the criteria was based on the Fuzzy AHP (FAHP)
method. Experts from the railway sector participated in the process of
evaluation of the relative importance of particular criteria for each group.
They filled out a survey in which they evaluated the importance of each
criterion to the linguistic preference scale for each group. Table 2 shows the
conversion of linguistic variables into triangular fuzzy numbers (Kilincci and
Onal, 2011).Solving the problem of selecting the criteria of the highest
importance for the purpose of assessing the efficiency and effectiveness of
railway undertakings between the aforementioned groups was initiated by
the application of the FAHP approach.
For the illustrated example of selection of criteria of the highest
importance in this paper, an example of the selection of criteria for a
financial group is presented. Table 3 presents a fuzzy matrix of
benchmarking criteria from a group of financial criteria. (Total revenue-C1,
Profit per employee-C2, Electricity costs-C3, Fuel costs-C4 and Railway
infrastructure charge - C5).
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C1

C2

C3

C4

C5

Table 3. Comparative matrix for financial criteria group of freight railway
undertakings
C1
C2
C3
C4
C5
E1
(1,1,1)
(1,1,1)
(1/2,1,3/2) (3/2,2,5/2)
(2/3,1,2)
E2
(1,1,1)
(2/3,1,2)
(1/2,1,3/2) (3/2,2,5/2)
(1,1,1)
E3
(1,1,1)
(2/3,1,2)
(1/2,1,3/2) (3/2,2,5/2)
(2/5,1/2,2/3))
E4
(1,1,1)
(1,1,1)
(2/3,1,2)
(1/2,1,3/2)
(2/5,1/2,2/3))
E5
(1,1,1)
(1/2,1,3/2) (1/2,1,3/2) (3/2,2,5/2)
(2/3,1,2)
E1
(1,1,1)
(1,1,1)
(1/2,1,3/2) (1/2,1,3/2)
(1,1,1)
E2 (1/2,1,3/2)
(1,1,1)
(3/2,2,5/2) (3/2,2,5/2)
(1,1,1)
E3 (1/2,1,3/2)
(1,1,1)
(1/2,1,3/2) (3/2,2,5/2)
(2/3,1,2)
E4
(1,1,1)
(1,1,1)
(1/2,1,3/2) (1/2,1,3/2)
(1,1,1)
E5
(2/3,1,2)
(1,1,1)
(1/2,1,3/2) (1/2,1,3/2)
(2/3,1,2)
E1
(2/3,1,2)
(2/3,1,2)
(1,1,1)
(1,1,1)
(2/5,1/2,2/3)
E2
(2/3,1,2)
(2/5,1/2,2/3)
(1,1,1)
(1,1,1)
(2/3,1,2)
E3
(2/3,1,2)
(2/3,1,2)
(1,1,1)
(1/2,1,3/2)
(2/5,1/2,2/3)
E4 (1/2,1,3/2)
(2/3,1,2)
(1,1,1)
(1,1,1)
(2/3,1,2)
E5
(2/3,1,2)
(2/3,1,2)
(1,1,1)
(1/2,1,3/2)
(2/3,1,2)
E1 (2/5,1/2,2/3)
(2/3,1,2)
(1,1,1)
(1,1,1)
(2/5,1/2,2/3)
E2 (2/5,1/2,2/3) (2/5,1/2,2/3)
(1,1,1)
(1,1,1)
(2/3,1,2)
E3 (2/5,1/2,2/3) (2/5,1/2,2/3)
(1,1,1)
(1,1,1)
(2/5,1/2,2/3)
E4
(2/3,1,2)
(2/3,1,2)
(1,1,1)
(1,1,1)
(1,1,1)
E5 (2/5,1/2,2/3)
(2/3,1,2)
(2/3,1,2)
(1,1,1)
(2/5,1/2,2/3)
E1 (1/2,1,3/2)
(1,1,1)
(3/2,2,5/2) (3/2,2,5/2)
(1,1,1)
E2
(1,1,1)
(1,1,1)
(1/2,1,3/2) (1/2,1,3/2)
(1,1,1)
E3
(3/2,2,5/2)
(1/2,1,3/2) (3/2,2,5/2) (3/2,2,5/2)
(1,1,1)
E4 (3/2,2,5/2)
(1,1,1)
(1/2,1,3/2)
(1,1,1)
(1,1,1)
E5 (1/2,1,3/2)
(1/2,1,3/2) (1/2,1,3/2) (3/2,2,5/2)
(1,1,1)

The fuzzy weight of criteria is calculated by taking the geometric average
of the response of the expert (Lee, 2009), presented in Table 4.

C1
C2
C3
C4
C5

Table 4. Fuzzy comparative matrix for financial criteria group
C1
C2
C3
C4
C5
0.740,1,
0.530,1,
1.204,1.741,
0.589,0.758,
1,1,1
1.431
1.589
2.257
1.121
0.699,1,
0.623,1.149,
0.776,1.444,
0.850,1,
1,1,1
1.351
1.661
1.840
1.319
0.629,1,
0.602,1,
0.758,1,
0.543,0.758,
1,1,1
1.888
1.605
1.176
1.288
0.443,0.574,
0.543,0.758,
0.922,1,
0.532,0.660,
1,1,1
0.830
1.289
1.149
0,901
0.563,1.319,
0.757,1,
0.776,1.319,
1.110,1.515,
1,1,1
1.696
1.176
1.840
1.879
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In addition, this paper uses standard steps of the FAHP method (Stević, Ž.
Et al. 2015). To determine Fuzzy combination expansion for each one of the
criteria, first we calculate
value for each row of the matrix.
C1=(1+0.740+0.530+1.204+0.589;1+1+1+1.741+0.758;1+1.431+1.589+2.25
7+1.121) = (4.063; 5.499; 7.398) etc.
The
value
is
calculated
as:(4.063;5.499;7.398)+(3.948;
5.593;7.171)+(3.532;4.758;6.957)+(3.44;3.992;5.169)+(4.206;6.153;7.591)=(19.189;
25.995;34.286).Then,
:

S1=(4.063;5.499;7.398)x(1/34.286;1/25.995;1/19.189)=(0.119;0.212;0.386),
S2=(3.948;5.593;7.171)x(1/34.286;1/25.995;1/19.189)=(0.115;0.215;0.374),
S3=(3.532;4.758;6.957)x(1/34.286;1/25.995;1/19.189)=(0.103;0.183; 0.363),
S4=(3.44;3.992;5.169)x(1/34.286;1/25.995;1/19.189)=(0.100;0.154;0.270) i
S5=(4.206;6.153;7.591)x(1/34.286;1/25.995;1/19.189)=(0.123;0.236;0.396).
The degree of possibility for Si over Si (i≠j) was determined by using
expression:
(1)

V(S1≥S2)=00.993;
V(S2≥S1)=1;
V(S3≥S1)=0.890;
V(S4≥S1)=0.719;
V(S5≥S1)=1;

V(S1≥S3)=1;
V(S2≥S3 )=1;
V(S3≥S2)=0.886;
V(S4≥S2)=0.718;
V(S5≥S2)=1;

V(S1≥S4)=1;
V(S2≥S4)=1;
V(S3≥S4)=1;
V(S4≥S3)=0.852;
V(S5≥S3)=1;

V(S1≥S5)=0.916;
V(S2≥S5 )=0.919;
V(S3≥S5)=0.816;
V(S4≥S5)=0.639;
V(S5≥S4)=1;

With the help of
), the
minimum degree of possibility was stated as below:
d'(C1)=min(0.993;1;1;0.916)=0.916; d'(C2)=min(1;1;1;0.919)=0.919; d'(C3)=
min(0.890;0.886;1;0.816)=0.816; d'(C4)=min(0.719;0.718;0.852;0.639)=0.639;
d'(C5)=min(1;1;1;1)=1
The weight vector is given by the following expression:
(2)

Through normalization, the weight vector is reduced to the phrase:
(3)

After the equation is applied (2), weight values are obtained, and from the
equation (3) normalized weights of criteria are received. The relative fuzzy
weights of each criterion are presented in Table 5.
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Table 5. Average and normalized relative weight of financial criteria group
Criteria
W'
W
Total income – C1
0.916
0.213
Profit per employee – C2
0.919
0.214
Electricity costs – C3
0.816
0.190
Fuel costs – C4
0.639
0.149
Railway infrastructure charges – C5
1
0.233

Comparative analysis was performed using the FAHP method which
showed that by comparing five criteria from the financial group that influence
the assessment of efficiency and effectiveness of railway undertakings, the
greatest weight according to the experts has the criterion of charges for the
use of railway infrastructure with a relative weight of 0.233. Also,
analogously to the same principle, a comparison of the criteria by pairs for
each group was made. The relative ranking of the importance of particular
criteria, based upon comparison of the criteria by pairs, for all groups in fright
transport, has been presented in Table 6.
Table 6. Relative ranking of importance of separate criteria based on comparison
of pairs of all groups in freight transport
Group
Criteria
W'
W
Network length
0.101
0.065
Resource
criteria
Available rolling stock
1
0.654
(capacity)
Number of employees
0.430
0.281
Commercial speed of freight trains
0.683
0.162
Quantity of transported
1
0.237
goods/freight
Operational
criteria
Net tonne km
0.794
0.189
Gross tonne km
0.843
0.200
Train km
0.895
0.212
Total income
0.916
0.213
Profit per employee
0.919
0.214
Financial
Electricity costs
0.816
0.190
criteria
Fuel costs
0.639
0.149
Railway infrastructure charges
1
0.233
Availability of service
0.738
0.256
Suitability – ability of offered
0.512
0.177
services
Service
quality criteria Stability of services
0.638
0.221
Reliability of services (overdue
1
0.346
delivery time)
Number of serious accidents per
1
0.558
train km
Safety criteria
Number of accidents per train km
0.473
0.264
Number of incidents per train km
0.318
0.178

Based on the table results, it can be concluded that for the group of
resource criteria, the greatest relative weight has the available rolling stock
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(0.654), for the group of operational criteria, the quantity of goods transported
(0.237), for the group of financial criteria, the cost of charges for the use of
railway infrastructure (0.233), service reliability – overdue delivery deadline
(0.346) and for the group of safety criteria, the highest relative weight has the
criterion number of serious accidents (0.558) based on the survey of railway
experts.
CONCLUSION
Efficient railway transport is a very important component of economic
development on a global and national level. It is therefore of particular
importance to restructure the railways and develop their competitive
capabilities. In order not only to survive on the transport market, but also to
develop and maintain competitive advantages, they must operate effectively
and efficiently. Effectiveness and efficiency of transport activities
significantly affect the profitability of the business of all entities involved in
the process, but they cannot be provided without much effort in the process
of quality management and transport activities. Measuring the efficiency and
effectiveness of railway undertakings inevitably becomes a condition for
their survival in a unique transport sector. Efficiency and effectiveness has a
positive impact on a number of other important indicators of the functioning
of railway undertakings, such as better use of resources, more rational
energy consumption, increased security, increased quality of service, etc. In
order to assess the proper performance of operations in the railway freight
transport i.e. the efficiency of railway operations, it is necessary to define
and determine appropriate indicators. Bearing in mind that the effectiveness
of the railway transport makes the number of services offered and the
content of services that have been implemented, it was necessary to
determine the criteria that can define efficiency. Based on the definition, the
efficiency depends on the number of performed in relation to the number of
scheduled rides, taking into consideration the reasons that led to the travel
being not realized (weather conditions, technical malfunction and lack of
staff).Based on the analysis of the railway undertakings and the review of the
available literature in this area, there has come to the identification of the
criteria for the transport of goods (freight transport), that influence the
assessment of efficiency and effectivness (a total of 20 crietria)andthat are
sorted into groups.The FAHP method used has shown criteria from each
group that were a priority for assessing the efficiency and effectiveness of
railway undertakings. Using these criteria, the management of railway
undertakings can monitor the process of quality management and transport
activities, and also define appropriate corrective actions. This would
overcome certain limitations and improve the process of evaluating the
efficiency and effectiveness of railway undertakings.
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This paper opens the possibility/directions for further research that can
identify new criteria related to the efficiency and effectiveness of railway
undertakings and explore other methods for evaluating criteria using
different techniques of multi-criteria analysis.
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Abstract
Nowadays the passengers would like to be transported in the best
possible level of quality. Therefore is very important to create a certain
methodology for quality assessment of particular transport relations. The
paper is focused on analysis and rating of the quality of the passenger
railway transport. At first is explained quality assessment including the
description of the quality indicators, which are decisive in the railway
passenger transport. Subsequently is proposed the new methodology for
these quality indicators´ rating and total quality assessment of each transport
routes. Consequently the methodology is tested for chosen transport routes
and is concerned with monitoring quality of the transport routes in the
railway network.
Keywords - railway passenger transport; quality indicators; quality
assessment; transport routes

INTRODUCTION

At present, all enterprises have a strong focus on assessing the
quality of the products and services they provide. One of the basic
strategic goals is customer orientation and quality satisfaction of its
needs. Marketers generally "win" those who best meet their customers'
demands and offer the best possible quality. The quality itself is
defined as a summary of the properties of a particular object.
However, its assessment is a subjective notion, each of which differs

¹ original scientific paper
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according to its own consciousness and conscience. The exemption
does not apply to the provision of transport services in passenger rail
transport. Quality assessment in the railway transport is a very broad
topic and can be addressed from a number of perspectives and points
of view. It is often the subject of various discussions and various
measures are being taken to improve it and, lastly, they are used to
comparing with the quality of the link in the previous timetable.[1]
CURRENT STATUS OF QUALITY ASSESSMENT IN RAILWAY
PASSENGER TRANSPORT
The quality of the connection on the rail network iscomprehensive
problematic. The most important aspect that we analyze is the quality of the
connection in the current train traffic diagram, compared to the previous
train traffic diagram. Hereby are proposed new measures for its
improvement in the future. This evaluation can be carried out in different
ways and methodologies and so different results of monitored evaluation
objects can be generated. It is very important to have a well-established
quality management system or an integrated management system (IMS)
which, through coordinated activities, seeks to manage and improve the
quality of the activities provided, leads to increased safety, reliability and
efficiency of the carrier's work and increased customer satisfaction.
The issue of assessing the quality of the connection in passenger rail
transport is primarily a question for the infrastructure manager. In Slovak
Republic is infrastructure manager the subject ŽelezniceSlovenskejrepubliky
(ŽSR) and national passenger operator is ŽelezničnáspoločnosťSlovensko a.
s.(ZSSK). At present, passenger quality is understood to mean the
assessment of certain quality standards and quality areas, the analysis of
train delays, the quality of connections at individual railway stations and the
links on individual track sections.[2]
All of these methods including assessing methods for quality of the
conections in rail passenger transport have their own quality tracking
objective. Individual methods offers the results of quality assessment from
its own "point of view" on the issue. Each has its advantages, disadvantages
and its practical use is varied. In the software app for appraisal of
connections and the methodology of the evaluation of the connection, the
basic disadvantage is that only one particular train, only one specific track
section. At present, the railway market is liberalized and there are lots of
demands for the co-ordination of train traffic diagram of the both rail
transport and the bus transport, in particular, the requirement for a
comprehensive quality of the transport service. Therefore, they gradually
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lose their significance in part, as the trains' connectivity is solved on the part
of specific operators in the creation of train traffic diagram.
Given the current circumstances, there is a logical need to assess the
quality of connections especially from the network point of view for the
needs of the public transport operator. This means making these assessments
not only on the selected track section or the railway station, but on the whole
rail network, including all tariff points. It would be beneficial to propose a
precise methodology that would take into account this "comprehensive"
view of a nationwide quality assessment of the connection. Its
implementation would certainly help to improve the analysis of the current
situation and the subsequent removal of deficiencies in rail traffic.
The following chapters contain a possible proposal of this
"comprehensive" network quality assessment methodology, as well as a
description and analysis of quality indicators that play a very important role
in its creation.[3]
QUALITY ASSESSMENT IN THE PASSENGER RAILWAY
TRANSPORT
Nowadays the passengers do not want only to be transferred, but they are
interested in travelling and demanding a certain level of service. The
assessment of the quality of passenger rail transport logistics is a very broad
topic and can be viewed from several angles. The most relevant way of
assessing quality is the concept examining selected quality indicators in
passenger transport, which are a very important and decisive factor for the
travelling public. They can be divided into quantitative, qualitative and
others see for example literature. These quality indicators form the basis of
the proposed methodology for assessing the quality of rail passenger
transport logistics. Within the proposed methodology, a scoring scale will be
developed for these indicators, which will provide a comprehensive
assessment of the quality of passenger transport logistics. In practice, this
methodology will be applied and tested for a selected transport routes. The
selection of the quality assessment criteria and the level of theirimportance
was realised based on the point method of the multi-criteria analysis. It can
be used when the problem is analysed by a lot of factors. The system of
criteria evaluation and the subsequent scale was determined by expert
estimation after consultation with selected representatives of the broad
professional public. [4]
The supporting and decisive indicators are number of connections,
average journey speed, time interval between links, types of train,
availability of railway stations and stops, transport distance - coefficient γ,
transportation services and comfort. [5]
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METHODOLOGY OF SCORING AND OBJECTIVE EVALUATION
OF QUALITY INDICATORS
In the case of the evaluation of selected quality indicators (factors), the
point method of multi-criteria analysis will be used. Indicators with a
slightly higher weight can be rated at most by ten points; lower weight
factors can rise to eight points. This system of classification on points and
the subsequent scale for the evaluation of individual factors was determined
by expert estimation and in this way carried out in consultation with selected
representatives of a broad professional public. Consequently, an analysis of
the evaluation of a certain transport routes will be carried out, which will use
the biasing of these indicators. The Bratislava – Sereď route of ŽSR will be
chosen transport report for testing the new methodology. The Table 1
contains a set of all factors with the maximum possible number of points
achieved in the complex evaluation of the transport routes: [1,4].
Table 1.System for point assessment of quality indicators, Source: [1]
Factors influencing on the quality assessment
Maximum achieved point
of a particular transport session :
number:
Number of connection per day

10

Average journey speed

10

Average time interval between links

8

Transport distance coefficient γ

8

Types of train

8

Starting and terminal station availability

8 (4+4)

Detailed information about the services provided
in the home, terminal and transit stations

8

SUMMARY:

60

According the above data the maximum possible rating of the selected
transport route can be done up to 60 points. The final quality evaluation with
a point scale, percentage expression and verbal evaluations, according to
which the final evaluation of the selected transport routes will be carried out
is mentioned in table number 2. [1]
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Table 2.Final assessment for transport routes, Source: [1]
Theamountofachievedpoints: Relativeexpression:
60 – 49

100 – 81 %

48 – 37

80 – 61 %

36 – 25

60 – 41 %

24 – 13

40 – 21 %

12 – 0

20 – 0 %

Qualitativeassessment:
Greenfield–thequalityofthe transport
routeisexcellent, strictcriteria are
met
Yellow-greenfield–thequalityofthe
transport routeisfairlygood, most
ofthecriteria are met
Yellowfield–thequalityofthe
transport routeisaverage,
abouthalfofallcriteria are met
Orange field–thequalityofthe
transport routeisbelowaverage, most
ofthecriteria are not met
Redfield–Thequalityofthe transport
routeisverylow, onlythe minimum
criteria are met

POINT ASSESSMENT FOR TRANSPORT ROUTES EVALUATION
However, for the implementation of the above-mentioned final
evaluation, it is necessary to exactly define a scale for the classification of
individual factors for routes evaluation. The more favourable the value of a
particular factor, the final score will be higher. This evaluation is shown in
Tables 3 and 4.
Table 3.Point assessment of selected quality indicators, Source: [1]
Number of
connection
per day:

Point
assessment:

0

0

1
2

1
2

3
4–5

3
4

6–7

5

8–9

6

10 – 11

7

12 – 14

8

15 – 17

9

18 and
more

10

Starting and
terminal
destination
availability in
villages (km) :
0.4 and
less
0.41 – 0.80
0.81 – 1.20

Point
assessment:

4

1.21 – 1.60
1.60 and
more
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Starting and
terminal
destination
availability in
cities (km):
0.6 and less

Point
assessment:

4

3
2

0.61 – 1.20
1.21 – 1.80

3
2

1
0

1.81 – 2.50
2.51 and
more

1
0

Table 4.Point assessment of further selected quality indicators,Source: [1]
Average time
interval
between links
(min) :
0 – 30
31 – 60
61 – 90
91 – 120
121 – 180
181 – 240
241 – 300
300 – 900
900 and more

Point
assessment:

Average
journey speed
(km/h):

Point
assessment:

8
7
6
5
4
3
2
1
0

100 and more
99 – 90
89 – 80
79 – 70
69 – 60
59 – 50
49 – 40
39 – 30
29 – 20
19 – 10

10
9
8
7
6
5
4
3
2
1

9–0

0

Transport
distance –
coefficient
γ:
1 – 0.91
0.90 – 0.81
0.80 – 0.71
0.70 – 0.61
0.60 – 0.51
0.50 – 0.41
0.40 – 0.31
0.30 – 0.21
0.20 - 0

Point
assessment:

8
7
6
5
4
3
2
1
0

For the factor, the number of connections per day is considered with
logically and geographically meaningful connections only, taking into
account that no two connections have the same time to leave the home
station or time to arrive at the finishing station. In case of starting and
terminal destination availability factor, it is very important to differ starting
and finishing station availability separately. In both cases, a maximum of
four points can be obtained. For this factor, the scale for city and village is
different. However, it is also possible to obtain the "Bonus points" in the
case when the high quality and heavy urban mass transportation that runs
between the railway station and the centre of the individual settlements is
ensured. [1,7]
In the case of the transport distance factor, a new coefficientγis proposed.
This coefficient describes the transport distance deflection, which expresses
the advantage of the realization of the selected transport route by rail, is
considered. This coefficient calculates the ratio of the air distance of the
session and the distance of the transport session by rail. The higher the value
of the route, the greater the distance of the transport route along the railway
line will be more direct and more suitable for the passengers.
For factors train types and detailed information on the services provided
at the destination, finish stations and transit stations, it is not possible to set
an exact scale for the point assessment. For train types, this rating is based
on the combination and number of trains of higher and lower quality. The
factor expresses information on services at stations is based on their specific
quality and quantity. [1,2]
AN EXAMPLE OF APPLICATION AT TRANSPORT ROUTE
A practical example of the use of this methodology will be the Bratislava
- Sereď transport route (ŽSR network on a working day).
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Fig.1.Illustration of Bratislava – Sereď transport route on the ŽSR network

In the case of the train types factor, it can be stated that the transport
session can be reached by ZSSK train with categories R(fast train),
RR(regional fast train) and Os (suburban train). These are middle and lower
category trains and based on this statement, the factor will be assigned a half
point. In case of availability of station Bratislava hl.st.a bonus point for the
above reason, which represents the heavy urban mass transportation in
Bratislava, will be added to the point score resulting from the scale. For
detailed information about the services provided at the Bratislava hl. st.,
Trnava, Galanta and Sereď can be considered with six points from the eight
possible. In the case of the newly introduced coefficient of the transport
distance deflection γ, the value of the air transport distance is 47,5 km and
the distance by rail 61,5 km. The coefficient γ will be 47.5 / 61.5 = 0.77.
The total score for the transport route will be the same as it is listed in
table 5.
Table 5.Complex point assessment of Bratislava – Sereď route, Source: [1]
Factorsinluencing on thequalityof a
particular transport relations:

Thevalueadjacent to
thefactor:

Number of connection per day
Average joureny speed
Average time interval between links
Transport distance - coefficient γ
Types of train
Availability – railwaystation Bratislava hl. st.
Availability – railwaystation Sereď
Detailed information about the services provided
in the home, destination and transit stations
SUMMARY:
Relativeexpression:

Achieved point
number according to
scale :

23
64.06 km/h
49.09 min
0.77
1.6 km

10
6
7
6
4
3

1.5 km
-

2
6

44
73.33%

511

This complex assessment shows that the transport session received 44
points out of 60 possible, representing 73.33 percent of the quality. It means
that it can be included in the so-yellow-green field - the quality of the
transport route is fairly good, most of the criteria are met. [1]
ANALYSIS OF OTHER SELECTED TRANSPORT ROUTES
Quality evaluation of all existing sessions and connections on the ŽSR
network is a very laborious and lengthy process, but the proposed quality
assessment methodology should be significantly more effective. As an
example, the proposed quality assessment methodology in this section
evaluated 10 representative transport routes in train traffic diagram.
The selection of the routes was relatively random, decisive factor was the
different transport distances of these routes, as well as the reasons given
above for the classification of individual traffic points. The selected routes
are as follows (their serial numbers are shown below in the figures):
1.
2.
3.
4.
5.

6. ZáhorskáVes - Trstená
Sabinov – Žilina
Vráble – Zvolenos. st. 7. RimavskáSobota - Medzilaborce
Bratislava hl. st. – Senica8.Bánovce n/B – ČervenáSkala
Prešov – Košice
9. Holíč n/M – Čierna n/T
Leopoldov – Trnava
10. Brunovce – BanskýStudenec

The calculations show that in the train traffic diagram, the transport
routes Prešov– Košice and Leopoldov – Trnava are the best rated, which
can be included in the "Green field". The "yellow-green" field fell to
transport routes Sabinov – Žilina, Bratislava hl. st. – Senica and Holíč n / M
– Čierna n / T. The average "yellow" rating is attributed to transport routes
Vráble–Zvolenos. st., ZáhorskáVes –Trstená and RimavskáSobota –
Medzilaborce. The under-average "orange" is transport route Bánovce n / B
–ČervenáSkala and transport route Brunovce–BanskýStudenec is included in
the "red" field with the number 12 points. The analysis of these transport
routes is graphically illustrated in the picture 2. [1]
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Fig.2 . Analysis of selected transport routes in Slovak train traffic diagram
2015/2016. Source: [1]

CONCLUSION
The proposed methodology for assessing the quality of passenger
transport logistics should, in practice, help the infrastructure manager or the
transport coordinator in the Integrated Transport System to simplify, more
accurately and more readily identify the selected quality indicators and
evaluate the transport routes. This will make it easier to discover in the
problematic spots in train traffic diagram, which should help to make it
better in future years.
At present, the quality assessment in the logistics rail passenger transport
is currently not implemented through a comprehensive methodology and the
results often do not have the required reporting value, the suggested facts
would certainly help to better gauge train traffic diagram quality and thus to
help to avoid the introduction of poor quality variants. On this basis, there is
a prerequisite for improving the train traffic diagram, linking the different
types of transport, increasing the number of passengers, increasing customer
satisfaction, as well as a comprehensive improvement and improvement in
rail transport that has stagnated in recent years. From the point of view of
logistics, this methodology should help to find the optimal alternative for
moving people with the maximum synergy effect of selected quality
indicators. The main result should be a high-quality logistical chain with
satisfied customers. [6,8]
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Abstract
The available capacity of the rail freight and the market demand are
determining their planning and allocation. The planning and allocation is a
very complex process that directly affects the efficiency and effectiveness of
the rail transport, and by that, the efficiency and effectiveness of the
economy.
Within this paper in order to achieve the objective a Fuzzy logics and
Neural networks model were designed based on the theory of Artificial
Intelligence, such as: Model for dimensioning capacity in freight transport
by applying Fuzzy logic model (FL) and Hybrid Neuro - Fuzzy concept
(HNF).
Produced models will allow delivering operational (capacity planning by
demand for transport market) and strategic decisions (predicting demand for
transporting facilities in the future). The testing of the models is applied to
the example of Macedonian Railways Transport JSC (MRTJSC) railway
operator which core business is the transportation of passengers and goods in

¹ professional paper
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domestic and international markets. After which both models were compared
and the possible usage was analyzed.
Keywords – modelling; dimensioning; railway freight wagons; Fuzzy
logic; Neural Networks
INTRODUCTION
The railway system with its huge capital is a significant national and
economic potential, which needs to enable efficient, massive,
environmentally friendly, fast and quality transport to the economy and to
the citizens. On the other hand, engage directly and indirectly a significant
part of the work force in a society and an important part of national
resources. Therefore, transport by rail must be cost effective, operationally
flexible and followed by reliable and high quality service in order to make
the balance of the requirements which are arising in the process of planning
of transportation facilities which are directly determined by the capacities.
The transport capacity of the railway undertaking, mostly are planned
based on intuition, based on partial facts relating to the prospects of
transport in the future, based on industry trends and based on partly outdated
analytical methods which are less used in the process of planning capacities.
Since all systems cannot be modeled based on statistical data, the use of
modern techniques for definition of specific inputs is increasing. The theory
of artificial intelligence is most applied. Some of the techniques which are
used are the techniques of Fuzzy logic, Neural networks, Swarm intelligence
(ant colony, bee colony), CBR[1].
There is lack of established models which can enable efficient, effective
and technologically optimal allocation of limited transportation facilities and
resources in the everyday functioning of a company that deals with rail
transport, but also for those companies who rent capacity of railway
undertakings.
According to the previous in terms of exploitation of the capacity in rail
transport, the problem of (un) rational exploitation is identified exactly and
the need to be solved by quantitative and qualitative planning and
determination (dimensioning) is foreseen[2].
PREVIOUS RESEARCH
The transport capacity of the railway systems is directly proportional to
the volume and structure of available vehicles. For successful management
of the rail transport service, the securing enough rail vehicles it is needed,
which structure must suit the type of goods intend to be transported. When it
comes to rail transport, this issue is not sufficiently processed in the
scientific and professional literature. As a result there is an established and
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widely used scientific method for dimensioning the transport capacity of the
railway traffic based on multidimensional involving multiple factors that
determine the real needs and capacities which enable efficient and effective
rail transport.
Specific planning and design capacity in the rail transport in the available
literature can find a limited number of models, but some of them will be
presented.
Authors Etezadi and Beasley, which studied the problem of determining
the optimal structure of the fleet and its optimal size [3]. Given that the
decision of these tasks is the long term, they have presented a model that is
based on integer linear programming. In the same paper the authors suggest
that the problem may more accurately be solved by using simulation.
Kirby [5] in 1959 had one of the first attempts concerning optimization of
the fleet of the railways. He deals with the problem of increasing the degree
of utilization of wagons owned by the small rail system and reduce the level
of rental cars by determining the relative cost of own and leased cars per
day.
Bojovic and other authors [6] in 2010 worked out the problem of
determining the optimal composition of the freight wagon fleet. The problem
is divided into two parts, determining the optimal mix and determine the
optimum size of freight wagon fleet. The first part is processed through the
method multi criteria decision and solves the application of Fuzzy analytical hierarchical process. The solution of this section consists of the
most appropriate types of wagons for the carriage of goods. The second part
of the solution to the problem of the size of the fleet is obtained through
model Fuzzy multiple - layer linear programming. Same author [7] in 2002
addressed the problem of optimizing the size of the fleet through meeting
demand and minimize the total cost.
Tcha and Choi [8] in 2007 represent approach based on generating
columns to resolve the problem. The authors propose an integer
programming model whose LP relaxation is dealt with the method of
generating columns.
Earl and Song [9] in 2008 represent an integrated model for determining
the optimal management policy of the allocation of empty wagons and sizing
the fleet in the system comprising two depots. The times of arrival of the
vehicles and the times of travel of empty wagons accepted as stochastic
variables. Under this approach the optimal strategy for allocating vehicles in
homogenous fleet is based on the management of the limits in terms of
minimizing the expected discount cost consisting of the cost of maintenance,
rent and moving vehicles in an empty condition.
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Sayarshad and Goseiri[10] in 2009 suggested the formulation and
procedure for solving optimization of fleet size and allocation of wagons
with demand and travel times for freight wagons being treated as
deterministic. The authors assume that unfulfilled demand becomes zero at
the end of the planning period. The calculation tests on small examples can
be solved with an exact procedure for a short period of getting results, while
for medium and large instances this is not possible. For this reason these
authors propose an algorithm of simulated problem solving.
Sajarshad and Tavakoli-Moghadam[11] in 2010 proposed formulation
and procedure for solving optimization size of freight wagon fleet and
allocation of wagons for the case of stochastic demand. The authors propose
a two-phase procedure based on the algorithm of simulated problem solving.
Lokston and other authors [12] in 2012 have considered the problem of
forming a heterogeneous fleet with the presence of stochastic demand. The
problem is based on determining the number of vehicles to be purchased for
each type of vehicle specifically so that the total expected cost of the fleet to
be set to minimum. These authors developed an algorithm that combines the
dynamic programming method and the golden section to resolve the
problem.
Overall the models pertaining for sizing and planning of transport
facilities in railway transport newer generation are related to the analysis and
determination of transport capacity on the basis of historical data and predict
future needs. Based on that information a model that can provide facilities
that will satisfy the needs of the company and customers is defined. It is
therefore necessary to take into account factors such as: types of facilities,
types of goods, industry trends, uses of facilities, costs etc.
The model should be able to include more factors commonly with
different sizes and values. To avoid mixing of different sizes and values or
the linguistic variables as the most appropriate method that can measure and
compare differences represent the method of artificial intelligence - "Fuzzy
logics" (fuzzy logic). This method allow measuring, comparing and
synthetizing different variables that are hard to be quantified to carry more
qualitative features, as well as simplifying the uncertainty regarding the
input data and parameters in terms of uncertainty, subjectivity, inaccuracy
and ambiguity[13].
ARTEFICAIL INTELEGENCE MODELS
Fuzzy sets, as an entirely new concept, defined in 1965 (LotfiZadeh,)
were introduced with the main objective of formalized mathematical way to
present and modeled uncertainty in linguistics.
Great application of Fuzzy logic is found in the situations where there is
an adequate mathematical model for display in a complex process that is
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necessary to use the knowledge of experts. By using different modeling
techniques based on fuzzy logic allows solving a wide range of problems
and enables making the right conclusions. Fuzzy logic uses the experience of
experts in the form of linguistic rules and mechanism of approximatively
reasoning can give an appropriate decision on a particular case.
Fuzzy logic has occurred as a result of trying to model human thinking,
experience and intuition in the process of making decisions based on
inaccurate data. Suitable for expressing uncertainty. Application of Fuzzy
logic proved excellent in those models in which intuition and assessment are
the primary elements.
It is important to recognize that the essence of Fuzzy logic is quite
different from the essence of classical logic that strengthened since Aristotle.
Conventional logic is based on clear and precise rules established and is
based on the theory of sets, a respective element can belong or not to belong
to a specific group (set). If it mathematically present, then the degree of
belonging to that element is 1 if it belongs to a set, or 0 if it does not belong
to the set.
On the other hand the Hybrid intelligent systems combine the benefits
of at least two intelligent technologies. The combination of Fuzzy logic,
Neural Networks and other intelligent technologies lay the foundations of
hybrid intelligent systems, capable of thinking and learning from an
uncertain and inaccurate environment. For example, people use words to
understand each other, not numbers, as is the case with computers. That's
why hybrid intelligent systems are designed an imprecise variables, such as
words, to turn them into more precise variables, such as more accurate
figures.
Given that each component has its strengths and weaknesses, the goal is
to make the system as close as possible to human thinking, which is
achieved by combining all the positive aspects of certain intelligent
technologies (Table 1. Comparison of expert systems).
Table 1. Comparison of expert systems[14]
Expertsystems
Knowledgerepresentation
Uncertaintytolerance
Imprecisiontolerance
Adaptability
Learningability
Explanationability
Knowledgediscoveryandd
atamining
Maintainability

RatherGood
RatherGood
Bad
Bad
Bad
Good
Bad

Fuzzysyst
ems
Good
Good
Good
Ratherbad
Bad
Good
Ratherbad

NeuralNet
works
Bad
Good
Good
Good
Good
Bad
Good

Geneticalgorit
hms
Ratherbad
Good
Good
Good
Good
Ratherbad
RatherGood

Bad

RatherGood

Good

RatherGood
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If we look at the previous table, it can be noted that the Fuzzy systems
and Neural Networks are excellent in tolerance of uncertainty and
inaccuracy, which are conditions in which a system, for example, for the
dimensioning of transport facilities, should work.
Namely, Fuzzy logic and Neural Networks are natural complementary
tools for building intelligent systems. If Neural Networks have a low level of
raw data processing, Fuzzy logic is designed precisely for that purpose and
processes raw data at a very satisfactory level, especially when it is with
linguistic variables. Fuzzy systems have a lack of learning and adjustment
(adaptation) to the environment, which in turn, Neural Networks are great.
However, their data can hardly be understood, which again requires a Fuzzy
system that can translate those results into comprehensible information. The
integrated neuro-Fuzzy system combines the parallel computing and learning
abilities of Neural Networks with human representation of knowledge and
the ability to explain the Fuzzy systems. As a result, Neural Networks
become more transparent, and Fuzzy systems become more capable of
learning.
The Fuzzy logic is often used in combination with other techniques of
artificial intelligence [15]. Neuro-Fuzzy system is a modern class of hybrid
intelligent system. It is described as artificial Neural Networks characterized
by Fuzzy parameters. The combination of two different concepts of artificial
intelligence seeks to exploit the individual advantages of Fuzzy logic and
artificial Neural Networks in hybrid systems with a homogeneous structure.
The constructed systems are increasingly used to solve problems in the area
of traffic, automation, mechanics, electronics, environmental protection, etc.
The ability to display a Fuzzy model in the shape of a Neural Network is
commonly used in the procedures for automatically determining the
parameters of the Fuzzy model based on the available input-output data. The
structure of neuro-Fuzzy intelligent systems is similar to the structure of
Neural Networks. The function of belonging to the input data is reflected on
the input data of the Neural Network and through the output data of the
Neural Network define the input-output laws (Fig. 1.).
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Fig. 1. Basic structure of Neuro – Fuzzy Intelligent Systems

The basic idea of Adaptive Neuro-Fuzzy Systems or ANFIS (Adaptive
Neuro-Fuzzy Inference System) locking systems is based on the method of
Fuzzy modeling and learning based on the given data sets.
In normal case, this kind of modeling is appropriate if the training data is
entirely representative for all the features that a Neuro-Fuzzy reasoning
system should have. In practice this is not always the case. In some cases,
the data used for training contain, to a greater or lesser extent, a
measurement error, so the data are not entirely representative for all the
features that the model should contain. Therefore, the model should be
checked with the test data.
There are two ways of testing the neuro-Fuzzy model. The first way of
checking is when, as input data, the data with which the model is not trained
are entered. This procedure shows how precisely the model predicts the
output groups of values. One of the problems in this way of testing the
model is the choice of the data group so that they differ sufficiently from the
data used in the training process of the model. The second method of
checking the model is a mathematical procedure. If data such as training data
is used as a data set for testing, it is necessary to obtain an outcome result
with a minimum error.
MODEL FOR DIMENSIONING CAPACITIES IN FREIGHT
TRANSPORT USING FUZZY LOGIC (FL)
The main problem in the process of forming the model by applying Fuzzy
Logic to the transport capacity dimensioning is based on determining the
fuzzy rules and parameters of membership functions. For defining the rules
have been used data obtained by polling experts for rail transport.
Knowledge of experts in the process of determining the type, the amount of
transport capacity is expressed by a number of linguistic variables.
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The choice of the type and the parameters of the function of belonging is
implemented on the basis of the positive experiences of certain authors and
subjective estimates of the authors. With literature review, it was determined
that the application of the origin function with Gaussian shape achieves
utmost precision outputs. Therefore, in this model this type of curve is
generated. Its parameters are determined on the basis of subjective
evaluation. The interval of size of the input and output variables are defined
on the basis of the amounts of real values within the system Macedonian
Railways Transport JSC (MRTJSC). Only the values of the turnover of cars,
and the level of immobilization of the same where not taken into account.
These two criteria for each series and subseries of wagons have a different
value of these two criteria and affect only the increase in capacity needs
from the specified series of wagons.
The model is based on a system of Mamdani Fuzzy logic and min-max
method of direct locking, while for the process of defuzzification the method
of centroids was applied. The model has been tested for the most common
series and subseries of freight wagons in groups (open, closed, plateau and
special) that are obtained on the basis of a matrix consisting of
correspondence "type of goods - type of wagon" of Macedonian Railways
Transport JSC. The observed series and subseries in groups of wagons are
typical in other major rail carriers.
CONCLUSIONS AND COMPARATIVE ANALYSIS OF THE MODELS
The decision-making in the process of selecting the type, series and
amount of transport capacities in the railway transport takes place in an
environment where objectives and constraints are not precisely defined.
Artificial intelligence is a technique that enables precise solution of
problems that contain uncertainty. For these reasons, two models of expert
systems have been developed for dimensioning railway freight transport
capacities: Model for dimensioning of capacities in freight transport using
Fuzzy logic (FL) and Model for dimensioning of capacities in freight
transport using Hybrid Neuro-Fuzzy Model (HNF). Input variables in the
models are the type, quantity and technical characteristics of the goods
(structure) transported or for which transport is requested, and the output
variables are type, more precisely the series and subsections and the quantity
of railway freight facilities, wagons.
The FL model for open group of wagons has been tested on 10 samples
(10 monthly data) from the statistical report for MRTJSC as known input
values. There is a difference between the actual decisions in real time and
the results obtained with FL model.
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The analysis of the validity of the model FL results for group of open
wagons are run on the basis of the average relative error of the results in
comparison with the actual results from the real system. Based on the testing
of 10 samples of data from statistics from MRJSC obtained average relative
error for Eas wagons is 39.5%, for Eanos wagons is 27.8%. While the F
wagons 5.8%. Based on this analysis we can conclude that the expert system
for dimensioning of capacity using fuzzy shows significant statistical error
that cannot be rejected.
From the analysis, the obtained results of the HNF model in the
verification and validation process for all groups of wagons concluded that
the average relative error of the obtained results relative to the real results
from the real system obtained from the statistics from the MRT shows a
minor statistical error which indicates that the output data of the model is
acceptable. But it is also noticeable that the application of this model yields
very satisfactory results if there is a good historical data base, and if such a
base is insufficient, then the results of the model may be unacceptable.By
observing the performance of the Fuzzy Model and the trained Neuro-Fuzzy
network, it can be concluded that both techniques of artificial intelligence
can reproduce decisions as experienced experts.
But it was found that the results of the Neuro-Fuzzy model (HNF) have
greater precision compared to the results of the expert Fuzzy Model (FL).
The average relative error of the HNF model is considerably smaller
compared to the expert FL model for all tested series of wagons.
The obtained results of the Fuzzy and Neuro-Fuzzy model were analyzed
and compared with the real data from the real system obtained from the
statistical reports. The following Figure show the quantities of wagon series,
compared between the two models and the real system.

Fig. 2. Overview of output results of different models compared with real data for
Ease series of wagons
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The models created can be used to make operational (capacity planning
according to demand for transport on the market) and strategic decisions
(predicting the demand for transport capacities in the future). The models
were tested on the system of Macedonian Railways Transport AD Skopje
(MRT), a railway operator whose main activity is transport of passengers
and goods in national and international frames.
The previous analysis indicates the conclusion that the HNF model could
be practically applied for planning (forecasting) of transport capacities on
the basis of the existing historical data. On the other hand, the FL model is
more suitable for planning capacities for transport capacities when there is
no historical data available.
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Abstract
It has become very popular lately to focus on implications that could be
the policy or further investment which affect service quality in the railway
passenger transport. Knowing and understanding passengers’ satisfaction
with railway passenger system is of crucial importance for rail transport
operation companies if they want to apply their actions in the right direction.
These concerns for the services need to be done with the analysis of the
perceptions directly expressed by the passengers. The increasing literature in
the field of service quality for the railway passenger transport shows an
increasing concern for this topic. Because of that, the main goal of this paper
is to present different ways of measuring and monitoring service quality. In
the conclusion, it can be said that service quality has positively influenced
the way journey satisfaction can be controlled and improved and the manner
of introducing new strategies for the existing railway passengers as well as
the new ones.
Keywords - service quality; passenger satisfaction; railway transport;
modelling
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INTRODUCTION
Taking into consideration the users of some services, it can be said that
their satisfaction is not only an obligation that needs to be fulfilled.
According to the paper1the orientation towards users and theconcern for
their satisfaction are considered today as basic standards for every business
organization. The development of such a user-oriented philosophy is
increasingly recognized and constantly improved in different types of
measurements.
Transportation as a service activity is highly dependent on the satisfaction
of its users. An ever-increasing supply, better service and users’ needs can
be easily viewed through their satisfaction 2.In this context, the behavior of
users and their expectations are presented as important factors by which
measurement can estimate the provided quality of public transport services.
Measuring service quality can significantly affect the establishment of
strategic goals and the way in which some decisions can be made. For
decision-makers, these improvements may be significant both for a regional
or international level3. According to the paper [4], it is very important how
the service quality improvement will be directed based on the selection of
specific indicatorsthat can directly influence the correct strategic decisions.
The different perception of the service quality that users have in relation to
the transport system indicates that it is necessary to have a connection
between those who provide the transport service and their
users5.Considering the connection between the users and the transport
service provider, the paper [6] also emphasizes that it is necessary to
determine the importance of each service quality indicator.
When transport planners want to establish access for tracking the service
quality level, this can be done through time parameters which allow easy
monitoring of improvements7. Some researchers observe the service
quality at the transport network level between different transport modes.
Research can be based on the social and demographic characteristics of
passengers, where different indicators can also be observed [9]. While
observing the characteristics, passengers can be classified into different
groups.
Public transport is one of the industry areas where service quality has an
important place and the number of analyzed literature in this sector shows
great interest in solving the problem. On the other hand, the key aspect of the
service quality takes into account different researchers and approaches [9],
[10] and therefore it is considered necessary to carry out a literature review.
The choice of approaches to analyze the service quality and the users’
satisfaction with the provided services can be done using different statistical
techniques or behaviour models. In this paper, the emphasis is placed on
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practical use in rail transport. The work structure was designed to provide a
brief overview of the delivered rail service according to different levels,
strategies and instructions, as well as the overview of models and indicators
used, and the steps for future research.
OVERVIEW OF THE QUALITY SERVICE INDICATOR SELECTION
Providing a sustainable transport system in order to increase the mobility of
users requires the provision of a better service quality.Setting up certain
indicators can give an answer to what is achieved, what is the demand and
whether there are enough good regulations which speed up the transport
system.
In order to understand the service quality research with a universal
approach, the paper [11], through the basic definitions regardless the issues
to be considered or model used, recommends to focus on the following
indicators:
• Identification of factors affecting service quality,
• Suitability for a variety of services in consideration,
• Flexibility to account for changing nature of customers’ perceptions,
• Directions for improvement in service quality,
• Suitability todevelop a link for measuring customer satisfaction,
• Diagnosing the needs for training and education of employees,
• Flexible enough for modifications, like the changes in the
environment/conditions,
• Suggests suitable measures for service quality improvements both
upstream and down stream,
• Identifies future needs (infrastructure, resources) and thus provides
help in planning,
• Accommodates the use of IT in services,
• Capability to be used as a tool for benchmarking.
In order to make supportive decisions in all transport aspects it is very
importantto observe the indicators, as they enable the monitoring and
improvement of the conditions provided [12]. The transport system with its
influences in the paper [13] was evaluatedaccording toits users, the purpose
space used, problems and necessary activities that must be measured by
certain indicators which describe the system properties. The correct selection
of the observed indicators used to monitor the efficiency of the transport
system can be safely classified into several categories or areas. These
observations may be at the level of impacts on travel times, travel distance,
safety, vehicles, income, use of certain transport modes, etc.
Adopting the standard EN 13816 [14], a unique tracking of public
transport is enabled, where the focus is on the users, their needs and
expectations. The basic concept of this standard is based on recognizing the
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connection between the user and the service provider. The quality criteria are
divided into eight categories from three levels that describe the satisfaction
with public passenger transport (PPT), Table 1.
Table 1. Basic criteria list for public transport EN 13816standard [14]
Criteria
Description
Extent of the service offered in terms of geography, time
Availability
frequency and transport mode
Access to PPT system includinginterface with other transport
Accessibility
modes
Systematic provision of knowledge about a PPT system to
Information
assist the planning and execution of journeys
Aspect of time relevant to the planning and execution of
Time
journeys
Service elements introduced to effect practicable
matchbetween the standard service and the requirements of
Custom care
any individual customer
Service elements introduced for the purpose of making PPT
Comfort
journeys relaxing and leasurable
Sense of personal protection experienced by customers,
derived from the actual measures implemented and from
Security
activity designed to ensure that customers are aware of those
measures
Environmental Effect on the environment resulting from the provision of a
PPT service
impact

Implementation of Regulation (EC) No 1371/2007 [15] sets out minimum
quality standards that have to be guaranteed to passengers and these are the
following: information and tickets, punctuality of services and general
principles to cope with disruptions, cancellations of services, cleanliness of
rolling stock and station facilities (air quality in carriages, hygiene of
sanitary facilities, etc.), customer satisfaction survey, handlingwith
complaints, refunds and compensation for non-compliance with service
quality standards, assistance provided to disabled people and people with
reduced mobility.
Taking into account only the users of rail passenger transport by
measuring the provided service quality, it is possible to determine the
important indicators for assessing current users and attracting new ones. The
choice of indicators describing the system largely depends on the goals that
are to be achieved. Adoption of certain unique methodologies enables better
comparability of rail with other modes of transport.
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METHODOLOGIES FOR MEASURING QUALITY INDICATORS OF
SERVICES
According to the paper [14] it is necessary to measure how a certain
service is provided, and the estimated number must be set in the form of
parameters. Such an approach is intended to convert the satisfaction measure
into an appropriate format which can be measurable to provide feedback on
user attitudes and expectations. When looking at data collection methods and
subsequent processing, it can be said that they can be separated into
qualitative and quantitative ones. The qualitative group includes data where
the interviewees give their personal experience and reveal the existing
transport problems which can describe the service. In a group of quantitative
research, according to the already prepared questionnaire structure,
interviewees are directed to give answers about their satisfaction with the
service provided and/or possible future improvements.
If the proposed standard [15] is observed, two groups of data can be
distinguished: functional and technical. According to this division,
depending on the author, both groups of data or just one can be taken into
account based on the problem being examined.
The review of works subject structure is divided into basic statistical
analyzes and applied models.If only a statistical analysis is taken into
consideration regarding the satisfaction of users with the quality of transport
services in general, and especially rail transport in documents [16], [17], [18]
high quality answers can be seen and received.
Single and combined techniques that are most often used to analyze
satisfaction with thepublic transport service quality in order to quantify and
identify the most important indicators are presented in the following works:
 for determining elements that should be primarily acted
onImportance Performance Analysis which is upgraded with the
state preferences analysis (IPA) is used[19],
 factor analysis and the method Varimax were used to categorize
variables, thenStructural equation modelling was used to evaluate
the factors and validate the model[20],
 the highest and the lowest gaps for the each statement were
determined, then compared to see if there was a significant
difference between the service quality expectation and perception
Servqual method is used [21],
 Classification and Regression Tree Approach (CART)
nonparametric method was used to analyze the impact between
dependent and independent variables in homogenized users [22],
 fuzzy quality function deployment (FQFD) is used as a tool to
improve service quality in the passenger transportation industry in

531

order to understandbetterthe nature of uncertainty and subjectivity in
service delivery processes [23].
Railway transport with its characteristics also requires a certain type of
planning and analysis of processes that affect the quality of service provided
which can be viewed at different levels, according to individual users, etc. In
order to examine the analysis of the rail transport service quality indicators,
some of the following problems were considered:
 satisfaction analysis of the service quality provided at the railway
stations [10], [24], and railway junction [35],
 analysis of different perceptions among the groups of users
regarding the transit service quality in suburban lines [26], intercity
passengers [27] and large cities [28]
 satisfaction analysis of the service quality provided with the
examination of passengers loyalty using high speed lines [29], and to
rail operator [30],
 identification of the user satisfaction in order to make improvements
and meet the standards for the service quality[31], [32],
 analysis of the advantages and disadvantages for the service quality
provided by the customer satisfaction assessment [33],
 evaluation of the railway service quality is proposed based on the
fuzzy theory [34],
 analysis of complex indicators for service quality and customer,
employee and supplier oriented approach [35],
 analysis of different options for service quality combined with
financial indicators [36],
When summing up the results, the choice of carried out analyses in rail
transport depends on the location or observed area, the type of lines (urban,
suburban or remote), the analysis of the existing and possible new users by
improving the service provided in relation to other modes of transport, etc. It
can be freely said that it is not easy to generally observe passengers’
satisfaction that can be summarized through different indicators and their
impacts on rail transport. Due to the complexity of these analyses, Figure 1
presents the proposed general process of a methodology development for
analyzing customers’ satisfaction indicators by the service provided.

Fig.1.Methodology of customer service satisfaction analysis (Own research)
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CONCLUSION
Methodologies for defining indicators and their representation related to
the characteristics of the railway network, vehicles or service provided to the
users can give not only a statistical description of the railway as one of the
modes of transport, but also data about users’ mobility, needs, social
activities and behavior. In general overview of problems, operators are
aware of the fact that some changes need to be done in ranking
indicatorswhich can directly influence proposed measures. Regardless of the
level at which the provided service quality is monitored, the improvement is
very useful in supporting transport service providers, but also with other
local level regulatory bodies and ministries that can also make a contribution
through certain regulatory frameworks.
The research and analysis of the user satisfaction of the railway transport
system should be treated in terms of increasing the level of quality in relation
to the existing users and attracting new ones. These necessary activities have
their place in practical use, as well as in new theoretical applications.
This paper presents the indicators of the proposed standards and a
number of different models that treat the assessment of the quality of service
provided. The increase in the number of literature that treats service quality
certainly indicates that this is an area that can be constantly upgraded. If
possible, it is necessary to establish a unique tool for the assessment and
mutual resultcomparison of customer satisfaction with the quality service
provided.
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Abstract

Each transport undertaking is a complex "technological" system
operating under the conditions and influence of a range of technical,
technological, social, economic and even political factors. In distinction
from many other human activities, the technical exploitation in the railway
undertaking (infrastructure manager, railway carrier) is characterized by a
set of particularities which must be taken into account when considering the
problems of its management, especially including those in the field of
operating safety. In the light of these particularities, it should be noted that
the proper considering and complex understanding the characteristics of
every single subsystem of the railway undertaking is a very important
condition for achieving a reliable and safe technical exploitation. This
necessitates a choice (and adaptation to the specifics of technical
exploitation in the railway undertakings) of a new approach towards the
analysis of the operational reliability and safety which is based on the system
approach and basically in line with the principle: the greater the losses of
failures of a technological object are, the higher the minimum acceptable
level of its reliability is. This article discusses the nature and specifics of the
system approach to operating safety (system safety) and its applicability to
the management of railway undertakings.
Keywords – railway transport; operating safety; system safety; safety
management
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INTRODUCTION
Undoubtedly, the modern human society lives in a dynamic and
interesting time - a period of global change in all areas of life: economics,
politics, environment, culture, and so on. The new technologies, scientific
and technical achievements show unprecedented growth and offer significant
amenities to the people. Contrary to the expectations that the improvement
of communication and information technologies will reduce the desire of
modern man to travel, the economic progress is accompanied by a rapid
development of transport.
An example of the European
Union
(EU):
Since
the
beginning of this century, the
average daily distance traveled
by a human has increased by
20% and is about 36 kilometers
per day. Figure 1 illustrates the
growth of passenger and freight
traffic in the EU (Eurostat:
http://ec.europa.eu/eurostat).
But like almost every modern
human activity, and the transport
is associated with the relevant
risks to the health and life of
people (operating personnel, passangers, local populations), loss of material
values (cargo, infrastructure elements, rolling stock, others), ecological
balance, etc.
Based on data taken from [6], Table 1 shows the levels of risk (safety) in
the different modes of transport. It is most obvious that the travel by train is
thirteen times safer than that made by car. However, there is a risk for users
of rail transport services (or for railway personnel). Therefore, a crucial issue
for the competitiveness of each rail transport undertaking is the issue of
ensuring a reliable and safe technical
exploitation.
It should be noted that safety is not a
new problem to the railway exploitation
science and practice but today it becomes
more actual and significant. Making
adequate decisions (often under unfavorable conditions or lack of time) in
this direction implies a modern understanding and requires an integrated
approach. Even the ordinary rail transport user is well aware that whatever
railway undertaking (carrier or infrastructure manager) is a complex system
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built up of multiple interconnected and interacting each other subsystems. In
terms of the requirement to achieve a reliable transport process, these
subsystems are connected in series. Of course, this is a conditional definition
and means that the failure of even one of these subsystems (the subsystem
does not function at all or functions without compliance with predefined
requirements) leads to a failure of the whole system (railway undertaking).
Naturally, the technical failures, subjective errors of operating staff
(involved in the management and realization of transportation process) and
imperfections of technology and organization of the technical exploitation in
the railway undertaking are characterized by their diversity and peculiarities.
But what unifies them is their undoubted influence on the precise
implementation of the procedures and operations regulated by the relevant
normative documents.
In other words, the achievement of a qualitative transport service by the
railway undertaking requires an integrated approach to the essence,
peculiarities and interrelationship between the individual issues of reliability
and safety. The main action in this direction is to build and maintain a safety
management system. It is a normative management system with a specific
structure (defined by the goals, objectives, directions and strategy for solving
the problems of operational reliability and safety), defining the standards and
procedures for safe function of every subsystem of the railway undertaking
and as a result of that - of the undertaking as a whole.
CHARACTERISTICS OF THE TECHNICAL EXPLOITATION IN
RAILWAY TRANSPORT
Rail transport (and in particular the railway undertaking) is a complex
"technological" system operating under the conditions and influence of a
range of technical, social, economic and even political factors. As opposed
to other modes of transport, the technical exploitation of rail transport
system is characterized by the following piculiarities that need to be taken
into account when considering safety issues:
-The movement of transport means is carried out on railway tracks
(permanent way) with a strictly defined gauge (infrastructure and rolling
stock gauge).
-The meetings and overtakings of trains can not be implemented on the
same track. This necessitates the development and observance of special
technologies, rules and procedures that define the way of movement of trains
and shunting compositions on station tracks, lines, classification and
industrial sidings.

539

-The trains run at a considerable speed regarding their weight which
gives rise to the requirement of special regulations for the technical
condition of tracks, overhead lines, rolling stock and interlocking systems.
-Existence of requirements for high labor and technological discipline of
the operating personnel, the activities of which are related to the
organization and management of train movement.
-Very complex technological interrelations and interactions between the
diferent types of staff and units within the respective railway undertaking
(railway infrastructure manager or carrier) as well as between individual
undertakings in order to achieve a high level of reliability and safety of the
transport process.
-Existence of a large number of highly specific in their essence safety
influencing factors.
-High level of "technological" complexity - due to the presence of a large
number of production (technological) subsystems (units).
In the light of the above-mentioned specifics, it
should be noted that the proper understanding and
analysis of the characteristics of the individual
subsystems is a very important condition for achieving
reliable and safe technical exploitation. The following
example demonstrates the fact that a higher level of
reliability of a given rail technological system
(subsystem) does not compulsorily mean less losses due
to occuring failures.
Let us consider two variants of a simple transport
system: a railway section (railway undertaking:
infrastructure manager) consisting of three stations (A, B and C) and the
respective interstations (logically connected in series according to the
transport process) - Fig. 2. For the first version of the system, let station
availabilities be as follows: K A,1 = 0,996 , К B ,1 = 0,993 and К C ,1 = 0,992 .
These values define a total system availability of К1 = 0,981 (to simplify the
example, it is assumed that the interstations are absolutely reliable). For the
second variant of the system, let the station availabilities be К А,2 = 0,990 ,
К B ,2 = 0,995 and К C ,2 = 0,998 . At these values, the total system availability
is К 2 = 0,983 , i.e.: the second system is more reliable. Figure 2 shows the
number of trains (trains per day) passing through the subsystems (elements)
of the system (Directions I and II with traffic flow of trains N I = 20 and
N II = 30 trains per day). It can be easily calculated that the above-mentioned
sample values of the system availabilities ( К1 = 0,981 and К 2 = 0,983 ) for a
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one-year period of operation assume disturbtion of the train timetable
(delays or accidents) due to failures of the subsystems as follows:
-1st variant: 1  K A,1 N I,II + 1  K B ,1 N I,II + 1  K C ,1 N II = 288 ;
-2nd variant: 1  K A,2 N I,II + 1  K B ,2 N I,II + 1  K C ,2 N II = 296 .
This exceptionally elementary example shows that the more reliable
(generally speaking) technological system (second variant) is characterized
by greater loss due to failures. In the most general case of system
(operational) failures related to a certain variety of losses (e.g. different
accident scenarios) and depending on the operating characteristics of the
respective component subsystems, the system with the least losses from
failures is not compulsorily this one with the highest operational reliability.
Moreover, although the level of reliability of a given transport system
represents the possible losses of transport output (proportional to the time of
layover), it does not forecast the moment of occurrence of the undesirable
event (railway accident). This necessitates a choice (and adaptation to the
specificities of the technical exploitation of rail transport) of a new approach
to operational reliability and safety analysis based on the system approach
and essentially in line with the principle: the greater the losses of failures of
a technological object are, the higher the acceptable level of reliability is.
ESSENCE OF THE CONCEPT OF SYSTEM SAFETY
The concept of system safety emerged in the late 1940s and was
associated with the first developments of manned rocket and the issues of
their reliability. One more decade is
needed for system safety to develop
further as a separate engineering
trend, particularly in the field of
aerospace researches, nuclear and
chemical industry, and oil extraction
and processing. This is the period
over which system designers and
engineers categorically abandon the
"sample and error" method as an
unsatisfactory approach to solve reliability and safety issues. Somewhat
successful within a period when the technical devices (systems) of a type are
not so complex and not significantly different from those previously
designed, gradually this approach loses its potential for solving complex
tasks. Moreover, along with the advances in technics and technologies,
human society's demand for controlling risk to people and environment
increases, and this in turn leads to the search for new approaches towards
understanding this problem.
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System safety is a separate area in system engineering based on risk
management principles. Its main aim is to develop and maintain a regulatory
and managerial system (Fig. 3) to optimize the level of safety of the relevant
process (production, processing, etc.) based on the system approach [1] and
usage of engineering, scientific and management principles aimed at
identifying and assessing the risks associated with this process [7]. The
concept of system safety is built on the following basic principles:
-Management of the risk, expressed by the systematic (continuous)
identification, assessment and control of the potential hazards specific to the
respective process for the purpose of accident prevention.
-Application of the system approach and precautionary principle.
-Usage of appropriate methods (statistical, analytical, simulation, etc.) for
risk analysis and assessment.
-Development of an adequate strategy for achieving and continuously
maintaining a high level of "safety culture" regarding all types of operating
units and staff in the respective company.
-Clear striving to define and conduct actions to increase the level of
safety.
GENERAL METHODOLOGICAL BASIS OF SYSTEM SAFETY
As the term suggests, the system safety refers to the systems and variety
of their specific peculiarities and constituent elements. For the sake of the
full disclosure of the specificity and applicability of the concept of system
safety, it is necessary to correctly understand the essence of term system.
This understanding involves the presence of general information and specific
knowledge regarding: type and purpose (functions) of the system, its
structure (subsystems and individual elements), its life cycle (specificities of
its functioning), approaches and tools for analyzing its behavior, process of
improvement, etc. An active safety management process can be effectively
implemented only if the relevant safety procedures are implemented in a
timely and concrete manner (at a particular moment in the life cycle of the
system and regarding concrete element) using the most appropriate
engineering approach and method of analysis and assessment.
According to [4], a system is a set of technical items, technologies,
materials, operational personnel, information, management mode and
services functioning to perform a certain activity (function of the system to
achieve predefined and expected results) within a specific operating
environment.
In line with the above-cited definition, a system is a combination of
subsystems linked functionally and logically to each other in order to
achieve the results pursued. A subsystem is a part of a system, which also
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has its own components: technical equipment, personnel, specific
technology, documentation, management procedures, etc.
Every system is designed, constructed and managed for a specific
purpose and the results achieved are a basic criterion for its reliable (and
safe) operation in the surrounding operating environment. Figure 4 depicts
the general concept of system – namely: several subsystems with an
interface between them.
Each system (subsystem) has its own constituent elements. Those that
have a major impact on system safety are: the technical facilities and
devices, operating staff and business
environment (operational environment)
within the scope of which the system
operates. The failures of these elements
(technical failures or human errors) are
determinants of the system behavior
and depending on their type and system
structure thay can only cause a change
in the previously adopted operational
plan or can lead to a general breakdown
of the system functioning (domino
effect). The latter case refers to the so-called Tight-coupled system. An
example of such a system is a group of elements (for example a given
technical device) that are substantially dependent on one other and are
connected in such a way that together and to a great extent "share" most or
all of the functions, resources and responsibilities of the system. In contrast
to Tight-coupled system, a Loosely-coupled system is a system in which, in
accordance with its design or further adaptive evolution some elements (or
groups of elements) can function independently of one another.
Depending on the interrelation
and interdependence between the
constituent elements, systems can be
subdivided into Complex and Linear
systems. A Complex system is such a
system
that is composed of a
number of closely connected (nonlinearly connected) according to
system functions interdependent
heterogeneous elements which as a
whole exhibit one or more properties
that are different than the properties
of the individual element. A Linear system is made up of sequentially
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connected elements so that the result of an element failure is either "remote"
from the place of its origin or does not have any influence on the functioning
of some other elements. A railway line (section) is a good example of a
linear system where any failure in a subsystem (station or interstation)
situated in the middle of the section will have no immediate impact on the
section operation (performance of the technological operations) at its end or
beginning. Figure 5 summarizes some of the piculiarities of the two main
system characteristics (complexity and linking of the elements) and suggests
which ones are most vulnerable to system failures: grading 1 to 4.
Obviously, systems with "catastrophic potential "are located in the upper
right corner of the figure [2].
APPLICATION OF SYSTEM SAFETY CONCEPT IN THE FIELD OF
THE TECHNICAL EXPLOITATION OF RAIL TRANSPORT
As it has been repeatedly pointed out, as a whole the railway transport is
a very complex system consisting of many (different regarding their
structure and purpose) subsystems, functioning together to carry out a
reliable and safe transport process. Any inadequate and non-compliant to
safety expectations behavior would give rise to a very serious public interest.
In the past, when railway incidents were considered to be unavoidable
and logically events related to the operational activities, the reliability (and
in particular safety as its element) of transportation process (service) in rail
transport was not considered to be a particularly important issue and a
problem of major public interest. Contemporary concepts and requirements
for reliability and safety of the transport process arose in the middle of the
last century as a normal result of the industrial revolution, rapid growth of
transport as a consequence of this revolution, increasing expectations and
frequently occured accidents (many of them with a large number of human
casualties and material damage) that caused "humanitarian concern" to
society for their prevention. Today, achieving a high level of operational
reliability and safety in rail transport is an extremely important national and
international issue, the successful solution of which requires the overcoming
of a number of scientific, technological and organizational problems.
In this sense, the acquisition of knowledge and experience on the basis of
hindsight that come from incidents occured is a possible but generally
outdated approach to solve problems of the operational reliability and safety
- mainly due to the lack of prevention. This is why a new integrated
approach to operational safety is needed to address this shortcoming.
The concept of system safety provides a solution to this problem and this
is the main reason for it to become more and more widespread in the field of
the technical exploitation of railway transport. Mainly related to the
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application of risk management principles, this concept offers a good
opportunity to develop theoretical fundamentals, methods and algorithms to
solve a great number of technical and technological problems.
From what has been said, it follows that the concept of system and
system approach to safety issues is fully applicable in the field of rail
transport. A railway system is a set of subsystems and links between them,
as well as the management of staff activities and operation of the system as a
whole to implement reliable process of transportation. Depending on the
research objectives, as a system (subsystem) it can be considered: the
different types of technical facilities (specific regarding the respective
technological subsystem), as well as technological objects such as: stations,
interstations, railway sections, etc. In a broader sense, railway undertakings
(infrastructure managers and carriers) can be considered as cyber-type
systems.
The process of implementing system safety approach to rail transport
finds a concrete realisation in the so-called Safety Management System
(SMS). In line with [3] and [5]
Safety Management System is:
Organisation
and
arrangements established by
an infrastructure manager or a
railway undertaking to ensure
the safe management of its
operations.
This
system
expresses the firm intention
and willingness of the railway
undertaking (involved in a
particular
activity,
for
example: a railway carrier) to
carry out the respective
operational process in the safest way possible (absence of unacceptable
risks). Principaly, this is a future-oriented system but conducted within a
specific (ongoing) operating environment within which the operating
personnel, technology, rules, procedures, technical facilities, energy and
information flows are integral factors influencing the safe performance of
rail undertaking.
In fact, SMS is a practical application of the combination between the
system approach and the so-called High-Reliability Theory which says that
while incidents may be normal (none of systems is perfect [2]), serious ones
(accidents) can be prevented by implementing certain practices, e.g.:
organizational acquisition of knowledge of incidents (also known as Incident
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learning) and following up application of reasonably practicable mitigation
measures. The basic components of a SMS in a railway undertaking are
shown on Figure 6.

CONCLUSION
One of the main particularities of recent decades is the rapid development
of transport infrastructure and improvement of transport technologies. From
an issue at a local state level, this development is becoming a problem of the
global politics and economics. More and more technical and technological
solutions are preceded by the word "new". The national transport market,
including the rail one, is open to foreign carriers and investors, bringing with
them new ideas on the organization and management of the operational
process. Having in mind that all, it should be recognized that the new time
and specific characteristics of the technical, technological and infrastructure
solutions pose a very serious challenge to the safety of transport process.
Worldwide, the last decades have seen a completely new attitude towards
safety issues. After the two previous approaches, uniquely targeted either to
the technical means or to the man-operator, today's concern is the
organization and management. Now, what is really important is the issue:
What has to be done that people and techniques work in such a way that all
hazards and concomitant risks are acceptably controlled? The answer lies in
the key terms - management and system approach, and the result of that
combination is system safety and integrated approach to its problems.
Through the practical application of this combination, the operational safety
in rail transport ceases to be what it was or is, it becomes what it should be.
The present paper is an attempt to analyze the essence, structure,
characteristics and possible problems concerning safety management
systems of railway undertakings.
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Abstract
Regulatory bodies, in order to achieve better quality of market
monitoring and harmonization of recorded parameters, mutually exchanges
the information through the different forms of cooperation. One of the
attempts to compare the market situation through recording the performance
of the rail systems is the Report "2015 European Performance Index
Railway" made by the American consulting company Boston Consulting
Group (hereinafter BCG). The aim of the research was the creation of a
unique form for performance measurement, which would comprehensively
demonstrate level of development of railway systems. With this intention,
the BCG created RPI (Rail Performance Index) which represents a collective
performance assessment of the railway systems. The BCG has shown that
value of RPI (or railway systems performance) is in correlation with the
level of public investment in the railway sector, as well as with percentage of
allocated grants for infrastructure managers. This paper presents a fuzzy
system which aim is to predict RPI index, depending on the two inputs: the
normalized value of public investment per capita and the percentage of
allocation of subsidies for infrastructure managers. Input and output
variables and their linguistic values were projected in accordance with data
taken from the BCG report for 2015. Projected fuzzy system had been used
to predict the RPI index based on multiple combinations of input data. The
results of the analysis are shown tabular and graphically.
Keywords - Boston Consulting Group; RPI index; railway system
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INTRODUCTION
A more efficient way of functioning of the railway market is achieved by
the establishment of a regulatory bodies. According to [1], each EU state is
obliged to establish such body, which should oversee and react in order to
ensure allocation of the routes in a transparent and non-discriminatory way.
It is also one of the tasks of the regulatory bodies to control the collection of
charges for using railway infrastructure. In addition to other responsibilities,
regulatory bodies should collect relevant reports and information from
railway operators and infrastructure managers, which are of interest for
quality management of the railway market.
Regulatory bodies, in order to achieve better quality of market
monitoring and harmonization of recorded parameters, mutually exchanges
the information through different forms of cooperation. One of the attempts
to compare the market situation through recording the performance of the
railway systems is the Report "2015 European Performance Index Railway"
made by American consulting company Boston Consulting Group
(hereinafter BCG). The aim of the research was creation of a unique form for
performance measurement, which would comprehensively demonstrate level
of development of railway systems. With this intention, BCG created Rail
Performance Index (hereandafter RPI) which represents a collective
performance assessment of the railway systems. The BCG has shown that
value of RPI (or railway systems performance) is in correlation with the
level of public investment in the railway sector, as well as with percentage of
allocated grants for infrastructure managers.
However, a limited number of countries were covered by BCG research.
Some of the countries that are in the process of joining the European Union
(hereandafter EU) have an interest in improving the performance of their
own railway systems. As BCG report shows that the performance of railway
systems is influenced by the level of public investment in the railway sector
and the percentage of subsidies allocated to infrastructure managers, it is of
interest to create a decision support system which could predict the future
performance of railway systems, depending on mentioned variables. This
system allows planners to select the model of investment in the railway
sector with limited public funds, which should result with the best
performance.
With that aim, in this paper is presented fuzzy system which predict RPI
index, depending on two inputs: the normalized value of public investment
per capita and the percentage of allocation of subsidies for infrastructure
managers. Input and output variables and their linguistic values were
projected in accordance with data taken from the BCG report for 2015.
There are also presented simulation results for various scenarios.
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METODOLOGY
The research was undertaken by BCG in order to accurately determine
the overall performance of the EU railway systems, and also to determine
which factors influence these performance. With that aim, the BCG
formulated RPI, which represents a collective performance assessment in
three dimensions, namely:
• Intensity of use,
• Safety,
• Quality of Service.
Figure 1 shows values of RPI for countries included in survey.

Fig. 1. RPI of countries covered by survey [2]

A BCG survey also aimed to determine if there was a correlation between
public investment in railway systems and levels of these performances, and
if so, which model of investment provides the best results in terms of
described performance.
The conducted research has shown that the level of allocated funds based
on subsidies is in correlation with the performance of the railway systems.
The survey also looked for an answer to the question: Is there a connection
between the way in which subsidies are shared between infrastructure
managers and railway operators, with the performance of rail systems?
It was established a hypothesis that the efficiency of the investment
depends on the way in which the subsidies are distributed between the
infrastructure managers and the railway operators. In order to verify the
hypothesis, it was performed analysis of correlation between the value
obtained from public investment and the percentage of public subsidies
allocated to infrastructure managers. This analysis excluded Slovenia,
Ireland, Portugal, Norway and Denmark due to the lack of comprehensive
data on public investment. After the analysis, a correlation was found
between the percentage of subsidies allocated to infrastructure managers and
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the value generated from public investments. In other words, countries that
allocate the highest percentage of subsidies for infrastructure managers also
have the highest obtained value from invested funds per capita (highest
performance of railway systems).
FUZZY LOGIC AND FUZZY SYSTEMS
Founder of the fuzzy systems is Lotfi Zadeh, an American scientist of
Iranian origin. In his papers from the 1960s and 1970s, especially in [3], he
laid the foundations and made a great contribution to the development of the
fuzzy system.
Basically, the fuzzy logic is based on fuzzy sets. The fuzzy set is most
often defined by the function of belonging by which each element is assigned
the appropriate degree of belonging to a fuzzy set [4]. This membership
function can take any of the values from a closed interval [0,1]. As value of
the function of belonging is larger, the element of the fuzzy set belongs more
to that set. In order to see the difference between classical sets and fuzzy sets,
one can observe an example of the elements of classical sets. If the element
belongs to a classical set, the value of its membership function is 1, and if it
does not belong to that set, the value of its membership function is 0.
Fuzzy number represent a fuzzy set whose at least one element has a
membership function value of 1. Fuzzy numbers are most often graphically
displayed in the Descartes coordinate system, where abscissa displays the
values of the elements of the set, and the ordinate displays the value of the
function of belonging to the set. Fuzzy numbers can most often be in a
triangular, trapezoidal form, a Gaussian curve, and so on. Figure 2 shows one
of the most commonly used forms of fuzzy numbers, triangular.

Fig. 2. Triangular shape of fuzzy number [4]

Fuzzy reasoning represents the process of translating the fuzzy rules into
fuzzy relations in order to obtain the result. A set of these relationships makes
the base of the fuzzy rules. The basis of the rule is the basis of the fuzzy
inference system.
The most famous fuzzy inference systems are Mamdani and Sugeno. In
this paper, Mamdani 's fuzzy inference system is used, which is based on max
- min composition of the inference [5].
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FUZZY SYSTEM FOR PREDICTING RPI
The function of the designed fuzzy system is to predict the value of the
RPI based on the value of the public costs and the percentage of allocated
subsidies for infrastructure managers. Since the absolute amounts of public
expenditures per capita were not shown in BCG report [2], the normalized
amounts of public expenditures were used to design the fuzzy system. This
means that the fuzzy system is able to predict the RPI based only on relative
cost values, in other words, a comparison with the cost levels of the countries
involved in the research is possible. Data on percentage of subsidies allocated
to infrastructure managers were also taken from the BCG report [2].
Table 1 shows normalized amounts of public expenditures on a scale of
1-10, as well as the percentages of allocated subsidies and the values of RPI.
Table 1. Input values for fuzzy system designing [2]
RPI
Normalized value of
Percentage of allocated
for
public expenses per
subsidies to the
2015
capita
infrastructure managers
7,1
9,8
67
Switzerland
6,6
7,2
84
Sweden
6,4
9,3
/
Danmark
6,4
7,4
45
France
3,3
4,1
83
Finland
6,2
8,1
50
Germany
5,8
9,9
70
Austria
5,6
8,4
67
UK
5,3
6,9
63
Czech Republic
5,2
4,0
100
Netherlands
5,2
9,9
4
Luxembourg
5,1
4,5
65
Spain
5,0
6,7
62
Italy
4,7
9,3
40
Belgium
4,6
5,3
/
Norway
4,3
2,5
/
Slovenia
3,8
3,7
/
Ireland
3,5
4,5
0
Lithuania
3,5
4,9
40
Hungary
3,4
7,4
50
Latvia
3,4
6,4
4
Slovakia
3,3
1,8
10
Romania
3,2
2,6
0
Poland
2,6
4,9
/
Portugal
2,2
3,8
51
Bulgaria
State
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The fuzzy system that predicts the RPI has two inputs and one output
variable. For the modeling of the fuzzy system in this paper, Mamdani's max
- min composition of inference is used. The fuzzy rules were modeled by a
combination of known values from the BCG report for 2015 and based on
intuition. It is defined fuzzy logical variable "amount of public expenditure
per capita", which can be:





Very Small - VMU (1 to 3)
Small - MU (2 to 5)
Medium - SU (3 to 7)
Large - VU (5 to 8)
 Very Large - VVU (7 to 10)
It is defined the following input variable called "percentage of subsidies
for infrastructure managers" that can be:
 Small - MP (0 to 50)
 Medium - SP (20 to 80)
 Large - VP (50 to 100)
It is defined an output variable called "RPI" which can be:
 Very Small - VMI (0 to 3)
 Small - MI (2 to 5)
 Medium - SI (3 to 7)
 Large - VI (4 to 8)
 Very Large - VVI (from 5 to 10)
Figure 3 shows fuzzy numbers describing the linguistic values of input and
output variables (a - amount of public expenditure per capita; b - percentage of
subsidies for infrastructure managers; c - value of RPI)

a)

b)

c)

Fig.3.a,b and c: Linguistic values of fuzzy numbers for the input and output variables
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Based on the known data from Table 1 the linguistic rules are set out in
Table 2.
Number

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Table 2. Linguistic rules
If the amount of
and if the percentage of
public expenditure
subsidies for infrastructure
per capita is
managers
VVU (0.95)
SP (0.45)
VU (0.75)
VP (0.65)
VU (0.65)
SP (0.75)
MU (0.60)
VP (0.60)
VVU (0.45)
SP (1.00)
VVU (0.97)
VP (0.52)
VVU (0.48)
SP (0.55)
VU (0.95)
SP (0.65)
MU (0.70)
VP (1.00)
VVU (0.97)
MP (0.95)
SU (0.75)
SP (0.55)
VU (0.90)
SP (0.60)
VVU (0.85)
SP (0.55)
SU (0.75)
MP (1.00)
SU (0.97)
SP (0.55)
VU (0.30)
SP (1.00)
VU (0.90)
MP (0.95)
VMU (0.55)
MP (0.87)
MU (0.40)
MP (1.00)
MU (0.80)
SP (0.98)

then the RPI is

VI (0.62)
VI (0.85)
VI (0.90)
MI (0.85)
VI (0.87)
VI (0.70)
VI (0.68)
SI (0.65)
SI (0.66)
SI (0.66)
SI (0.95)
SI (1.00)
SI (0.85)
MI (0.85)
MI (0.85)
MI (0.83)
MI (0.83)
MI (0.81)
MI (0.79)
VMI (0.22)

It is characteristic to distinguish the following groups of rules:


Rules 1, 5 and 7 are in agreement, and they are in conflict with
Rule 13;
 Rules 8 and 12 are in agreement, and are in conflict with Rules 3
and 16
 Rules 4 and 9 are mutually conflicting
 Rules 11 and 15 are mutually conflicting
In order to determine which of the rules will enter into the fuzzy rules
base, it is necessary for each rule from the individual groups to determine the
degree of truthfulness of the rule. The rules that have the highest degrees of
truth in the groups are included in the fuzzy rules.
For the first group of rules, the degrees of truth are:
(1)
(2)
(3)
(4)
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Rule 13 has the highest degree of truth, and it enters the fuzzy rules base.
For the second group of rules, the degrees of truth are:
(5)
(6)
(7)
(8)

The highest degree of truth is Rule 12, and it enters the base of the fuzzy
rules.
For the third group of rules, the degrees of truth are:
(9)
(10)

Rule 9 has the highest degree of truth, and it enters the basis of fuzzy rules.
Finally, for the fourth group of rules, the degrees of belonging are:
(11)
(12)

The highest degree of truth is Rule 15, and it enters the rule base.
The next step is to create a fuzzy rule base. Table 3 shows the base of the
fuzzy rules filled with known rules. Table is filled in accordance with above
shown procedure. Some rules are missing, so table is filled-in according to
intuition. Missing rules in table are marked as underlined.

Public
expenditure per
capita

Table 3. Filled-in base of fuzzy rules
VVU
SI
SI
VI
VU
MI
SI
VI
SU
MI
MI
VI
MU
MI
VMI
SI
VMU
MI
MI
MI
MP
SP
VP
Percentage of subsidies for infrastructure
managers

RESULTS
In order to examine which combination of input values gives the best RPI,
several different input combinations have been examined. For the value of the
normalized investment height of 2, 5 and 9 different percentages of the
allocated subsidies for infrastructure managers were examined, and the values
of the RPI were recorded.
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Percentage of
subsidies for
infrastructure
managers

Table 4. shows the results of this analysis
RPI for
RPI for
normalized
normalized
expenditures 2
expenditures 5
0
3.50
3.50
10
3.50
3.50
20
3.50
3.50
30
4.38
3.50
40
4.71
3.50
50
5.00
3.50
60
4.71
4.37
70
4.38
5.05
80
3.50
6.00
90
3.50
6.00
100
3.50
6.00

RPI for
normalized
expenditures 9
5.00
5.00
5.00
5.00
5.00
5.00
5.23
5.55
6.00
6.00
6.00

DISCUSSION
The results of this analysis shows that, depending on the level of
expenditures and the percentage of allocated subsidies for infrastructure
managers, the value of RPI is changed. It is evident that the best values of
RPI were obtained for investment values 5 and 9, and for percentage of
allocated subsidies of 80, 90 and 100 percent. According to the results
obtained, the best strategy is the investment in the amount of the normalized
value of 5 (which is the approximate amount of investment per capita in
Portugal), and the percentage of allocation of subsidies for infrastructure
managers of 80%. Namely, the value of RPI 6 is the highest obtained for the
selected input data. This RPI value has been obtained for multiple
combinations of input data. Given that states want to minimize investments in
the railway systems, and at the same time to achieve its best performance, it is
evident from Table 5 that the normalized investment value 5 is the smallest at
which the maximum value of the RPI is obtained. Fuzzy system, similarly to
the described BCG survey has shown that it is necessary to allocate a large
percentage of subsidies to the infrastructure managers, in order to improve the
performance of the railway system. However, one should keep in mind the
fact that it is also necessary to allocate a certain percentage of subsidies for
the passenger operators in order to encourage their competitiveness.
Consequently, Table 5 shows that 80% is the smallest percentage of subsidies
to be allocated to infrastructure managers in order to maximize RPI.
CONCLUSION
Designing a model for predicting RPI gives opportunity for countries not
involved in the survey to analyze various options for intervention in the
railway sector in order to maximize performance. With this aim, a fuzzy
system has been designed which is able to forecast the value of the RPI based
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on the level of public investment and the percentage of subsidies allocated to
the infrastructure managers. It turned out that even with a medium level of
investment and a relatively high percentage of subsidies allocated to
infrastructure managers, there can be obtained very high RPI values. In order
to achieve high performance of the railway systems in practice, it also is
necessary to pay attention to the traditional optimization levers.
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Abstract
Train braking distance is one of basic precondition for safety of railway
system. There are many external factors that affect braking distance which
can cause changes in its length. For that purpose, fuzzy logic system based
on experience is proposed.
In this paper, we propose a fuzzy logic system that selects the most likely
control rule from a set of control rules. Input variables are speed, grade,
braking force and braking equipment response time. The aim of this paper is
to determine train braking distanceand difference between calculated braking
distance and data from the field. Output variable is provided by a fuzzy logic
system. Fuzzy logic system is simulated using Matlab in fuzzy logic toolbox.
FLS is tested on different train categories and different conditions on the
field.
Key words - fuzzy logic; Matlab; train braking distance

INTRODUCTION
Fuzzy logic is a proven methodology for solving the problems with crisp
data, like calculation of braking distance or analyzing the braking
performance which can lead to improvement of the rail lines and promote
technical parameters of trains [1]. This alternative way allows the modeling
of a complex system, using knowledge and experience of the expert and
thereby circumventing the needs for rigorous mathematical calculations.

¹ original scientific paper
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The aim of the model is reflected in its practical application, i.e.
according to this model it is possible to quickly make the calculation of the
required train braking distance. These obtained values can be used both for
newprojected lines and for checking the train braking distance on the
existing lines.
Many papers which uses fuzzy logic for this type of problem, mostly use
input variables for calculation the train braking force and automatic train
control. Main advantage of this fuzzy model in relation to analytical and
simulation models is its simple application in the case when a large number
of input variables do not have a precisely defined value.
This paper does not refer to the calculation of the train braking distance
and what degree of braking machine engineer should apply, it is primarily
devoted to the design of the railway infrastructure, i.e. those elements whose
layout depends on the length of the train braking distance, such as: signals,
approachcontacts, etc.
LITERATURE REVIEW
This section presents a brief description of the relevant literature. There
are a lot of papers that using fuzzy logic for solving problems on railway.
The authors of [2]developed fuzzy logic controller for automatic train
control, using Matlab. Using four input values, they calculate braking system
and torque. Fuzzy logic controller for an automatic train braking system is
used in [3] to develop a braking system that will stop the subway train.Paper
[4] gives the idea of automatic braking system in trains by using artificial
intelligence technique. The intelligence is provided by a fuzzy logic
controller, which is simulated using Matlab-Simulink toolbox. Authors
proposed model which can help in reduction of manpower for train operation
on Indian railways.
The authors of [5] presented predictive fuzzy control model for automatic
train operation. In this control model, fuzzy control method and predictive
control algorithm and also computer simulations are all mixed with each
other to compose the predictive fuzzy control.
In paper [6] the general idea of automatic train operation based on
MATLAB. This paper explains Automatic Train Stopand Automatic
Warning System. It is based on the Data Oriented Control Method (DOME)
to achieve train control.Implementation fuzzy logic in solving railway
problems is presented in [7], where authors developed fuzzy model for
braking wagon in marshalling yard.
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FUZZY INFERENCE SYSTEM
Standard Fuzzy Inference System (FIS) consist of four elements:
fuzzification, fuzzy rules, conclusion and defuzzification. [8, 9 and 10].
There are two basic FIS types: Mamdani and Takagi-Sugeno. Mamdani’s
approach is characterized by the fact that the final exit from all fuzzy rules is
fuzzy set selected with a minimum strength of rules. Output from Mamdani
type is fuzzy set, which requires aggregation process in the defuzzification
process. Takagi-Sugeno is very similar to Mamdani, there is same approach
in the fuzzification of input variable. The main difference is observed in the
type of output function, which in case of the Sugeno model, only appears as
a linear function or constant [11].
Typical fuzzy logic system is shown on Figure 1 [12]:

Fig. 1. Fuzzy inference system

This rule can be represented as follow:

If x1 is A and x2 is B then y  f x 

(1)

where A and B are fuzzy sets in premise, y=f(x) is a faded function in the
sequel. Usually f(x) is a polynomial of constant, but there can be any other
function that adequately describes the system output in the fuzzy domain
defined by the premise if the rule. Output of each rule yi, is hampered by the
strength of the rule wi, which represents the degree of satisfaction of the
premising part of the rule, also known as the degree of fulfilment.
For example, for one “and rule” the strength of the rule is:
w i  AndMethod μAx1 , μBx 2 

(2)

where μA(x1) and μB(x2) are membership functions for x1 and x2,
respectively. The final output of the system can be calculated as follow [9]:
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MODEL FORMULATION
In proposed model, there are four input variables, and one output
variable. Input variables are: speed, grade, braking force and braking
equipment response time. This variables were chosen since they have largest
impact on braking distance.It is known how speed and grade affect the
extension of braking distance, while braking equipment response time and
achieved braking force are variables which depends on many other external
parameters. It is not suitableto use too many input variables due to the large
number of possible rules, so all the others factors which affect on train
braking distance are included in these two variables.For this kind of problem
is developed Mamdani fuzzy model. The model was tested under normal
conditions, i.e. unplanned events such as unbraked train or braking
equipment response time was infinitely large are not considered.
Membership functions parameters for all variables are given in table 1.
Table 1. Parameters membership functions
Membership function
Parameters
(L) Low
trampf (0,0,40,70)
x1 - train speed
(M) Medium
trimf (40,70,100)
(H) High
trampf (70,100,120,120)
(LD) Large downgrade
trampf (-15,-15,-14,-7)
(SD)Small downgrade
trimf (-14,-7,0)
x2 - grade
(H) Horizontal
trimf (-7,0,7)
(SU)Smallupgrade
trimf (0,7,14)
(LU)Large upgrade
trampf (7,14,15,15)
(S) Small
trampf (0,0,0.5,2)
x3 - braking force
(M) Medium
trimf (0.5,2,3.5)
(B) Big
trampf (2,3.5,5,5)
(SH)Short
trampf (0,0,1,3)
x4 - braking
equipment response
(N)Normal
trimf (1,3,5)
time
(L)Long
trampf (3,5,6,6)
300
trampf (0,0,300,500)
500
trimf (300,500,700)
y1 - train braking
700
trimf (500,700,1000)
distance
1000
trimf (700,1000,1100)
1200
trampf (1000,1100,1200,1200)
Variable
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Train speed
The speed of the train is the parameter of which most depends
achievement certain train braking distance. Braking distance changes
exponentially with a change in speed.On Serbian railway network, maximum
speed for all trains is up to 120 km/h, but average speed is much lower.
Division domain of the input variable „speed” and their membership
functions are shown on figure2. Membership functions of the triangular and
trapezoidal fuzzy numbers „low“, „medium“ and „high“ are represented in
the forms (4)-(6):

Fig. 2. Membership functions for input variable x1 train speed

 1,0  x  40
 70  x
low x 
,40  x  70
 30
0, x  70

0, x  40

 x  40
 30 ,40  x  70

medium x 
1, x  70
100  x
 30 ,70  x  100

0, x  100
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(4)

(5)

0, x  70

 x  70
high x 
,70  x  100
 30
1, x  100


(6)

Grade
Under normal conditions of exploitation, grade is the second most
important parameter that affect the braking distance. The change in braking
distance with the change of grade also has an exponential
characteristics.Maximum grade on the observed network is up to 18‰, and
grade values greater than 15‰ are present only on very small number of
railway sections. For this reason, the maximum grade value is 15‰.

Fig. 3. Membership functions for input variable x2 grade

Braking force
Within the input variable braking force, we include all characteristics of
braking system, adhesion characteristics and external conditions from the
field that can affect on braking distance.When initial braking step is
established, the pressure in the main brake pipe is reduced by 0,5 to 1 bar,
and therefore braking force is small. When fully brake application is
established the pressure in the main brake pipe is reduced by 1 to 3 bar in
relations to its normal value with the release state and therefore braking
force is medium. When a process of rapid or emergency braking occurs,
main brake pipe is completely discharged from 5 to 0 bar and therefore
braking force is the largest [13].
The value of the achieved braking force of certain wagons in the train
composition depends on the value of the pressure drop in the main
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brakepipe, due to which the triple valve reacts and allows the achievement of
a certain braking force that is proportional to the masses of these wagons
For this reason, the mass of the train has not been taken into
consideration as a separate input variable, it has already been implemented
in braking force, regardlessof the train composition.
Membership functions of the triangular and trapezoidal fuzzy numbers
„small“, „medium“ and „big“ are represented in figure 4.

Fig. 4. Membership functions for input variable x3 braking force

Braking equipment response time
Braking equipment response time at higher speeds can have a significant
impact on reaching a certain train braking distance. The assumption is that
only P or R brakes are used. At the time of the response of braking
equipment, the time taken to achieve the maximum value of the braking
force under the observed conditions was taken into account. This time
primarily depends on the length of the train. For the purposes of this paper,
the following times of braking equipment response time were used:
 0-2 s short braking equipment response time,
 2-4 s normal braking equipment response time,
 4-6 s longer braking equipment response time.
Short braking equipment response time is usually achieved with short trains,
while slower response time is present with longer trains and different brake
types in the same train composition.
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Fig. 5. Membership functions for input variable x4

Train braking distance
After defining all input variables, we define one output variable, train
braking distance which membership functions of the triangular and
trapezoidal fuzzy numbers „300“, „500“, „700“, „1000“ and „1200“ are
represented in figure 6.
At the observed railway network, at a speed of 100 km/h and on the
horizontal part of the train path, and under normal conditions of exploitation,
the normal value of the braking distance is up to 700m.

Fig. 6. Membership functions for output variable y1 braking distance

FUZZY RULES
After defining all input and output variables, the base of fuzzy rules was
created. One of the most commonly used methods for generating the base of
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fuzzy rules is Wang Mendel method, which combines numerical data and
linguistic information [14].
The database contains 135 fuzzy rules, including all combinations of
input variables. All rules are the same weight, with a value of 1. One of the
rules is:
If (train speed is high) and (grade is largedowngrade) and (braking
force is small) and (braking equipment response time is short) then (train
braking distance is1200).
RESULTS AND CONCLUSION
Model was tested for real data from the field, for different train categories
and speed. Based on interviews with experts, the values of the input
variables and real train braking distance were recorded. Model results are
marked with y1, and data from field with y1*.
x1
100
100
100
80
80
60
60
60
40
40

x2
-10
-10
-4
0
8
-7
0
9
-10
0

Table 2. Model results
x3
x4
2
1
5
3
1
2,5
1,5
3
1,5
3
3
2
5
1
5
2,5
1
3,5
2
3

y1
1200
979
998
660
446
505
369
268
427
201

y1*
1200
1000
1100
700
600
500
400
300
500
150

Model results are very close to real data from the field in almost all
situations. We can see that when train speed is very high and other variables
are unsuitable braking distance is close to 1200 m. On the other hand if train
speed is very low, about 40-50 km/h, regardless of the others variables
braking distance is in the range of 200 to 450 m, which fully corresponds to
the situation on the field.
General conclusion is that model gives real data, and in next phase of our
research it can be used for some simulation models. Also model can be
upgraded by using more input parameters, and changing membership
functions of existing variables to be more realistic. Input variable braking
force can be decomposed on new input variables like adhesion
characteristics or detailed external conditions.
In future research and development of this model, authors want to
combine fuzzy logic with simulation modeling of real state, where in various
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conditions we can analyze where train stop in stations and in front of signals
on open line.
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Abstract
New transport policy of the railway sector in Europe is aimed at creating
a unified and open transport market, establishing an interoperable railway
network and achieving greater competitiveness on it. The result is the
emergence of private rail operators and a large number of new procedures
that have not been implemented so far. In line with the above, a new
approach to safety in the railway sector has been introduced in order to
maintain and improve the existing level of safety. The basis of this new
approach to safety is the application of risk management concept. Concept of
risk management provides proactive approach in order to prevent the
occurrence of unwanted events. This paper presents the current ambience in
the rail sector, the reasons for the introduction of the concept of risk
management, the legislative framework and the process of risk management
itself, explaining all processes and terms that are necessary for understanding
the concept.
Keywords – safety; interoperability; risk management

INTRODUCTION
Creation of a single railway market, restructuring process and
introduction of competition, caused the emergence of new stakeholders at
the market and introduction of new concepts and procedures. Bearing in
mind that today there are not only national railway undertakings on the
railway market but also private ones, which operates on railway
infrastructure, European Commison, to maintain the existing one or upgrade

¹ professional paper
569

the current level of safety, has adopted a legislative framework for
implementation of new concept of safety - risk management.
The remainder of this paper is structured as follows. The following part
provides an interpretation of the term ″risk″. Part 3 describes the concept of
risk management in railway sector of Europe and legislative framework. Part
4 presents the phases and outcomes of implementation of risk management,
whereas Part 5 presents the conclusion of this study.
DEFINITION OF RISK AND ITS INTERPRETATION
Risk is a term that has been defined many times and in many different
ways. In Oxfford dictionarie, risk represents the possibility that something
unpleasant or unwelcome will happen [1]. According the AS/NZS 4360 Risk Management Standard, risk is defined as the probability of something
that may happen affecting the previously defined objectives and is measured
as the ratio of consequences and probabilities of some events occurrence [2].
In European Standard NF EN 50129 risk is defined as combination of the
frequency (or likelihood) of a potential accident and the consequences of the
accident (severity of damage) [3]. Standard ISO 31000:2009 - Risk
management — Principles and guidelines define risk as the effect of
uncertainty on acquiring organization’s objectives. It is the effect of a
deviation from the expected outcome of an event, situation, etc, that can be
in either positive or negative direction [4]. Standard ISO 31000:2009 is a
main standard in field of risks which provides general instruction for
implementation of risk management in any organization.
In general, the following basic four elements are required to define risk
qualitatively and quantitatively [5]:
1. A potential root hazard causes (or failure causes);
2. A hazard (or a failure mode);
3. A consequences (or failure effects) and;
4. A probability of occurrence (or failure consequences).
The risk can be calculated as the product of how often an unwanted event
occurring in one year - frequency of events and the consequences - injuries,
deaths or incidents that may arise in case of unwanted events:
Frequency of an accident x The consequences of the accident = Risk
CONCEPT OF RISK MANAGEMENT IN RAILWAY SECTOR OF
EUROPE
The risk management process provides proactive action to prevent the
occurrence of unwanted events. Proactive action is based on a systemic and
structured approach to problems, which purpose is planning and predicting
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the occurence of risks, defining and adopting all activities, with which the
identified risks can be controlled in the best possible way.
In the past, in many areas, and especially in transport, a gradual
improvement in safety was a consequence of the valuable experiences and
lessons learned from accidents. Preventing the repetition of the same or
similar events was regulated by the competent state authority and the
government in a reactive way, by establishing new rules or norms through
law or by-law acts, code of practice or standards. The development of risk
assessment and risk management methods made it possible to replace these
reactive safety controls with a modern proactive and systematic approach to
safety management [6].
The concept of risk management is also applied in the rail sector. The
construction of a safe, modern integrated railway network is one of the EU’s
major priorities. Railways must become more competitive and offer highquality, end-to-end services without being restricted by national borders. The
European Union Agency for Railways (ERA) was set up to help create this
integrated railway area by reinforcing safety and interoperability [7].
In regard to the standards an important addition to the European wide
regulatory regime with respect to risk management is the introduction of the
common safety method on risk evaluation and assessment and its
implementation [8]
European Commission adopted Regulation 359/2009 on the adoption of a
common safety method on risk evaluation and assessment – CSM RA in
accordance with Directive 2004/49/EC on railway safety and Directive
2008/57/EC on the interoperability of the rail system. This Regulation
provides a legislative framework for establishing a common approach to risk
management in the European railway sector. The 352/2009 has been
replaced by Regulation 402/2013.
The key terms that are defined in this regulation are the proposer of the
change and the significance of the change. The proposer of the change is the
person who introduces a change to the existing system. The risk
management process applies only in cases where this change is significant.
The changes may be of a technical, operational or organisational nature
(where the organisational changes could have an impact on the operation of
the railway). The CSM RA also applies if a risk assessment is required by a
technical specification for interoperability - TSI and is used to ensure safe
integration of a structural subsystem into an existing system in the context of
an authorisation for placing in service in accordance with the Directive
2008/57/E [9].
In order to differentiate the acceptance of risks related to technical
systems from accepting operational and organizational risks, the European
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Commission adopted the Regulation 2015/1136 amending implementing
Regulation 402/2013 on the common safety method for risk evaluation and
assessment – CSM DT which defines the harmonised design targets for
technical systems which also present the criteria for accepting the identified
risk. This design targets defines two categories of technical system:
- where any way of failure of system
1) Category CSM-DT
function leads to hazard and which has direct potential to cause catastrophic
consequences and should not occur with the rate of occurrence that is higher
per working time
than the rate
2) Category CSM-DT
- where any way of failure of system
function leads to hazard and which has directly potential to the critical
consequences should not occur with a rate of occurrence that is higher than
per working time.
the rate
Clasification of consequence according to EN 50126 – 1 is presented in
next table.
Severity Level
Catastrophic
Critical
Marginal
Insignificant

Table 1. Clasification of consequence
Consequence to persons or environment
Fatalities and/or multiple severe injuries and/or major damage
to the environment
Single fatality and/or severe injury and/or significant damage
to the environment
Minor injury and/or significant threat to the environment
Possible minor injury

RISK MANAGEMENT PROCESS
The risk management process is presented in the diagram in Annex 1 of
the Regulation 352/2009. Risk management consists of three parts that cover
different phases of this process. These parts refer to:
1. Risk assessment
Risk assessment is a process that defines system definiton, identifies
hazards and evaluates a risk qualitatively, quantitatively and/or both, and
consist of:
System definition - The process of CSM-RA starts with the system
definition. In the phase system definition, the proposer of the change first
defines the preliminary system definition. The preliminary system definition
represents an analysis of what is changing. After that, depending on the
established criterias defines significance of change.
Regulation defines six criteria [10]:
1) failure consequence: credible worst-case scenario in the event of
failure of the system under assessment, taking into account the existence of
safety barriers outside the system;
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2) novelty used in implementing the change: this concerns both what is
innovative in the railway sector, and what is new just for the organisation
implementing the change;
3) complexity of the change;
4) monitoring: the inability to monitor the implemented change
throughout the system life-cycle and take appropriate interventions;
5) reversibility: the inability to revert to the system before the change;
6) additionality: assessment of the significance of the change taking
into account all recent safety-related modifications to the system under
assessment and which were not judged as significant.
Content of the system definition is presented on picture 1.
Fig 1. Scope of system definition

Identification of the hazard and their classification - This phase is one
on the most important phases in the process and it should be implemented
comprehensively and structured. This means, when identifying hazards, all
system boundaries and its interaction with the environment must be taken
into account, as well as mode of operation, maintenance, and the life cycle of
the system, but also the human factor. In order to properly implement this
phase, it is necessary either to engage competent experts or to apply already
established methods based on which the hazards and their manifestation will
be accurately described. When hazards are defined, the proposer of the
change classifies them on the basis of the risks. Classification of hazards
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allows the proposer to focus subsequent risk assessment work on the most
important risks, by discounting those hazards which need no further
evaluation.
Evaluation of risks and its acceptance - Risk evaluation in terms of its
acceptance, based on the hazards that they cause, is carried out on the basis
of three principles, namely:
1) Principle "Code of Practice" - The Regulation 402/2013 defines a
code of practice as "a written set of rules that, when properly applied, can be
used to control one or more specific hazards" [11] In order to consider these
rules as a relevant code of practice, they have already been effectively used
to control the hazard that cause changes of the system.
Documents that can be relevant as code of practice are European and
international standards, technical specifications for interoperability national
technical and safety regulations, ect [10].
These documents, although primarily written for different purposes
(interoperability, safety ect.), can also control the identified hazards in such a
way that they define safety measures (set boundaries, protective measures,
operational procedures ect). After applying these measures to the system in
which a significant change occurs, it can be said that the risks are acceptable
from the point of view of the principles of the code of practice and no further
analysis is required.
2) Principle "Comparison with reference system" - If for the system
being evaluated there is a sufficiently similar system over which the risk
management process has already been implemented, then this system is
called a reference system. If it is found that there is no additional risk
between the reference system and the system being assessed then the risk is
considered as acceptable and safety measures from the reference system will
be used to control the hazards in the new system.
The use of this principle can be implemented even if there are deviations
from the reference system. In this situation, it is necessary to identify all the
differences between the systems being evaluated and the reference system
that can influence the risk. The regulation prescribes minimum measures that
must be met by the reference system (similar functions and interfaces,
operational and environmental conditions, system has already been proven to
have an acceptable safety level) [11].
3) Principle "Explicit risk assessment". - If the principles of the code of
practice and the reference system do not cover the identified hazards, the
demonstration of risk acceptance is carried out with an explicit risk
assessment.
An explicit risk assessment can be qualitative or quantitative In order to
make a sustainable decision after the application of a qualitative method, it is

574

necessary to have a sufficient number of experts and for each decision there
is a consensus so that valid results can be obtained from each step. A
quantitative risk assessment generally requires considerable effort and
significant statistical data. In practice, it is often possible to make strong and
correct decisions using qualitative methods, since previous experience of
experts often can be used to make quicker decisions
DEFINING SAFETY REQUIREMENTS AND HAZARD
MANAGEMENT
The concepts of "Safety measures" and " Safety requirements" are key to
implementing the risk management process [9].
Safety measures are set of activities that are used to reduce the
probability of a hazard or mitigate their consequences in order to achieve
and/or maintain an acceptable level of risk, while safety requirements
indicate the characteristics of the system and its operation necessary to meet
the safety objectives.
When the proposer proves that all the safety requirements have been met
and that the system is in accordance with them, and that the selected risk
assessment principles are correctly applied, then the risk management
process may be considered as complete. This means that all identified
hazards are covered by safety measures. Selected safety measures becomes
part of the safety requirements for the system.
Safety requirements shall be carried out by each of the actors responsible
for fulfilling the safety requirements under supervision of proposer.
Preliminary
system
definition

Is change
significant?

Risk assessment
Risk analysis
Hazard Identification and Classification

Code of
Practice

Comparison with
reference system

Explicit risk
assessment

Risk evaluation in accordance with risk
acceptance criteria

Safety requirements for the system within
defined safety measures

Demonstration of compliance with safety
requirements
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HAZARD MANAGEMENT

INDEPENDENT ASSESSMENT

System definition

Algorithm of risk management process with indepented assessment is
presentend figure above.
INDEPENDENT ASSESSMENT
Also, regulation requires appoint an independent assessment body for
assessment of the correct application of the risk management process and
suitability of results. The safety assessment report - that the assessment body
submits to the proposer - is taken into account when National Safety
Authoruty - NSA is deciding to put the railway subsystem or the vehicle
into service, as well as when drafting the EC declaration of verification.
CONCLUSION
In this paper authors have presented a new approach to railway safety in a
form of risk managment. This concept provides proactive action in order to
predict the occurence of unwanted events. Overviewing the legislative
framework and other literature, authors have defined and explained all
phases of risk managment process with the purpose of better understanding
of this new approach in railway sector.
The risk management process in railway traffic is applied in cases where
a certain change is introduced into the existing railway system, which may
have an impact on the safe traffic operation, on the basis of its significance.
In addition, this process is also applied in cases where the new structural
railway subsystem is integrated into the existing rail system.
Risks failures of railway systems have a great potential to cause injury
and/or fatality of railway staffs and passengers, the impact on environmental
degradation, damage to property and adverse impact in the railway
operational contexts. In accordance to that, the introduction of risk
managment for proactive action of railway stakeholders is of great
importance and big advantage for ensuring the safe and reliable railway
transport.
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Abstract
Following its recent transportation policies, EU has initiated a strong
development of Pan-European Corridor IV and introduced it to the RFC
policy (making it Rail Freight Corridor 7), a direct competitor of PanEuropean Corridor X. Luckily, Chinese state owned - as well as private investments in Greek ports present an unexpected opportunity for Corridor X
to catch-up with the development and to re-establish itself as an important
partner on the EU transport market. The goal of this paper is to disclose
factors of corridor competitiveness from the group of factors such as the
time of transport, price, quality of the service, capacity, access charges etc.
Afterwards, their mutual influence will be discussed, and the effect that they
have to the corridor’s overall competitiveness. Paper analyses methods for
determination of relevant set of factors, and their final evaluation.
Comparative analysis is then used to discuss the present state of
competitiveness of Corridor X, in relation to Corridor IV, with the main goal
of attracting new cargo flows into the network, by mostly „conquering“ them
from the eastern, neighbouring rival Corridor IV.
Keywords – competitiveness; Corridor X; railway market

COMPETITIVENESS IN GENERAL
The concept of competitiveness can be applied to various entities
[Grzesiak, Richert-Kazmierska 2014]:
- Competitiveness of products and enterprises (a microeconomic approach);
- Competitiveness
of
industries
(a
mesoeconomic
approach);

¹ original scientific paper
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- Competitiveness of regions and urban areas (a mesoeconomic approach);
- Competitiveness of national economies (macroeconomic approach);
- Competitiveness of international blocks (mega economic approach).
Competitiveness of transportation or railway sector can be perceived as
competitiveness of network industries, but competitiveness of an entity such
as rail corridor is rather a mixture of the first three from the list. Several
enterprises are operating along corridor (IM’s, RU’s, forwarders), it also acts
as an independent industry (subject to intermodal competitiveness), and it
has characteristics of regional or urban areas competitiveness (geographical
distribution, freight flows, passenger distribution etc.). The influence of the
states is also unavoidable due to investment policies, market liberalization
degree, law aspects (e.g. regulatory bodies) etc.
For an enterprise (or entity), it is one of the basic requirements to
perceive its own competitiveness, and to comprehend factors which makes it
more or less attractive to the market. In other words, enterprise (entity) needs
to know what makes it attractive to the market and therefore more
competitive. There is no consensus in international literature of what is the
ultimate definition of competitiveness. According to British „Oxford
dictionary”, competitiveness is the „possession of a strong desire to be more
successful than others“, or „the quality of being as good as or better than
others of comparable nature“.
Competitiveness of enterprises is a multi-dimensional and relative notion
without universally approved definition [Sieradzka, Luft, 2015]. It is often
used to refer to ability of an organization to compete and be successful
[Grzesiak, Richert-Kazmierska 2014]. It can also be understood as the
capacity for rivalry and competition [Sieradzka, Luft, 2015].
Competitiveness is frequently identified with price or quality of a product,
productivity of resources, production costs or the competitive advantage
itself [Lombana, 2006].
Also, there are other definitions of competitiveness: competitiveness is
the ability to continue providing added value to enterprise stakeholders
[Dwyer, Kim, 2003], or: to be profitable and maintain a dominant market
standing [Lombana, 2006]. It is often related to relationship between
enterprises that are selling similar services or products at the same time, for
the specific customer [Stanikunas, 2009]. Competition among enterprises
practically means the competition among their provided services, their extra
value to a customer [Langviniene, Sližiene, 2012].
In accordance with stated definitions and classification, the authors, in
context of this paper, bring the following definition of a rail corridor
competitiveness: Competitiveness of a rail corridor is related to the capacity
of the corridor as a system, to compete and to be attractive on the
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transportation service market compared to its direct rivals (competing
corridors or other transportation modes).
FACTORS OF COMPETITIVENESS AND THEIR EVALUATION

Approach for competitiveness evaluation
Using indicators to define some sort of competitiveness index is a very
common method of competitiveness evaluation. But by using it, it brings
double-folded problem best defined by Jin (2003). There are two categories
of the index: measuring and analyzing. Measuring index is an outcome of
competitiveness or the final expression of competitiveness; however,
analyzing index is a cause or a key element of competitiveness.
One example is World Economic Forum (WEF), which is using global
competitiveness index (GCI) to rank world countries by their
competitiveness (macroeconomic approach). Index is derived from 114
indicators grouped into 12 pillars [Schwab, 2016].
In a study performed on Lithuanian freight transport market
(competitiveness of industries) following method was used: primarily, the
analysis of scientific literature was conducted. Afterwards, statistical data
analysis and qualitative (deep interview) and quantitative survey
(questionnaire) were carried out. Statistical data analysis helped to shed light
on general trends of Lithuanian freight transport market, while deep
interview was performed to clarify preconditions for competition.
Questionnaire was filled by transport service providers, and it helped to
disclose situation from their point of view [Langviniene, Sližiene, 2012].
Chantruthai et al (2013), discusses competitiveness between low cost
airlines and high speed rail using multinomial logistic regression model and
binary logistic regression model, applied to the chosen set of factors.
To conclude, competitiveness is indeed a multi-dimensional and relative
problem, and it can be observed and measured by variety of methods.
Comprehensive literature research confirmed that majority of the studies and
scientific papers used numerical factors in order to quantify competitiveness,
mostly by forming a competitiveness index. The second most used method
was comparative analysis of factors, adjusted to a particular problem
[Kennedy, 2012, Dumitrescu 2013, Paull, 2016]. Third place is held by
several mathematical methods, such as multi-criteria optimization, [Jugovic
et al, 2006], gravity model [Chmelik et al, 2010], logistic regression model
[Chantruthai et al 2003] etc.
Due to the fact that most of transport related competitiveness problems,
and competitiveness problems between two entities with similar
characteristics were observed using comparative analysis, that particular
method is chosen to be applied for Corridor X and IV in this this paper.
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Factors of competitiveness of rail freight corridors

As starting point of this chapter, the table of variables identified to
influence freight rail movements and costs will be used. Important note
it the fact that most of the authors from the table were dealing with the
corridor competitiveness in general and their factors are (dominantly)
applied to corridor’s intermodal competitiveness. Table 1 shows the

breakdown of literature and variables associated with freight rail.
Table 1: Rail variables and associated literature [Seedah et al, 2014]

Tonnage, terminal costs, capacity and cost of expansion are variables of
highest interest to rail industry. Out of all 18 sources, at least 6 of them
discussed these variables. Both, track design and bottlenecks were also
common, with five sources for each of these variables.
For the reference, Paul (2016) used set of factors: distance, transport time
and cost per TEU to measure competitiveness of corridors. In addition,
bottlenecks, region connectivity and port access were discussed. Jugovic et
al. (2006) used following factors in their multi-criteria optimization of the
Pan-European corridor V: port and inland transport costs, transit time,
geographic availability (distance), commercial availability, service
frequency, capacity and information technologies. With the exception of
commercial availability and IT implementation, consistency can be found.
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Kennedy (2012) also claims main factors to be distance, transit time,
transport tariffs and number of border crossings. Technical, legal,
infrastructural and political bottlenecks were discussed.
Bearing in mind that this paper deals with the competitiveness of a rail
corridor from the perspective of forwarders (final users), and does not take
into consideration intermodal competition, it is possible to create relatively
simple model and establish the set of factors. All variables related to costs
(track design, terminal costs, fuel, labour, costs of maintenance, access
charges etc.) can be expressed through the cost of transportation service.
That is the final price forwarder is paying for provided service, and it has all
variables affecting the cost of train movement included. Train speed,
condition of infrastructure, border crossings, total trip delay, bottlenecks,
idling at sidings and terminal dwell time all can be expressed through the
commercial speed.
Track capacity and tonnage remain last two important factors to discuss.
For the purpose of this paper tonnage can be assumed as common for both of
corridors (standardized cars and intermodal containers) as well as the
capacity (railways in this part of Europe do not have high volume of traffic
in general), and therefore both could easily be excluded from the model. On
the other hand, track capacity stands for the whole set of technical indicators
(Vmax, electrification, rail vehicles, traffic organization, but quality of the
service also) that can represent great competitiveness factor. From that
perspective, track capacity should be kept in the model.
Finally, it is necessary to add length of the corridor as a significant factor,
which does not require further explanations. To summarize, there are four
main factors of corridor competitiveness and the set of variables influencing
each of those. Factors and variables are given in table below.
Table 2: Factors and variables of corridor competitiveness
Factor

Variables

Distance
(Km)

/

Commercial
speed (KM/H)

Costs
(EUR/TEU)

Infrastructure

Fuel

Trip delay

Labour

Bottlenecks
Idling at
sidings
Terminal
dwell time
Border
crossings

Maintenance
Access
charges
Terminal
costs
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Etc.

Track capacity
(train
blocks/day)
Technical
limitations
Electrification
Service quality

Type of
vehicles
Maximum
weights
Traffic
organization

In order to act on corridor competitiveness it is necessary to change some
of the variables, which results in change of the chosen factor.
CASE STUDY: COMPETITIVENESS OF RAIL CORRIDORS X AND IV

Corridor potential
China Ocean Shipping Company (COSCO) in year 2009 won 35-year
concession for the two of three port terminals in port of Piraeus, and in
January 2016 formally acquired 67% share for 370 million euros.
Furthermore, the company has announced another 350 million euros of
investments in next five years, increasing the port capacity from 1 to 7
million TEUs [National Bank of Greece, Sectorial report, 2013] which
marked the port of Piraeus as a new logistics hub of Europe.
Reliable indicator of the future traffic potential is Hewlett-Packard (HP)
decision from 2013 to relocate major part of its distribution operations from
Rotterdam to Piraeus, and to use rail transport from Piraeus for distribution
to the Balkans, Hungary, and Czech Republic. East-Asian companies like
ZTE, Samsung Electronics, Dell, Lenovo, and LG have also expressed
interest to use Piraeus as a gateway to South East and Central Europe.
Estimated trade in 2016 between Central Europe and Asia is 1.8 million
TEUs, and Southeast Europe and Asia around 0.9 million TEUs [Piraeus
Port Authority, Financial report, 2015]. Cargo coming from Asia is shipped
to one of the Mediterranean or North European ports where it is reloaded to
a smaller ship, which then transports it to the final destination (transshipment). Alternatively, cargo is reloaded to rail or truck and arrives at final
destination by land (transit).
The Port of Piraeus is currently not reaching that market. „Only” 200.000
TEUs are being unloaded in Greece and are in transit to Central and
Southeast Europe, and currently 25% of those 200.000 TEUs is shipped by
rail (Corridors IV and X). COSCO and Trainose, a Greek railway operator,
are very interested in becoming a player in that 2.7 million TEUs market.
Their goal is to integrate port and rail operations and to provide quick and
seamless shipping to the hubs in Hungary and Czech Republic.
Undoubtedly, Port of Piraeus has a sufficient capacity to service the entire
market but the rail infrastructure is not up to speed, making the ports in the
Adriatic Sea and the Black Sea more viable routes [Bauranov, 2016].
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Picture 1: TEN-T network Balkans (indicative extension)

1.

2.

3.
4.

5.

6.

Comparative analysis of rail corridor competitiveness
Model assumptions:
Due to fact that section Athens – Thessaloniki (493.5 km) is mutual, as
well as the section after Budapest, case study reviews Thessaloniki –
Budapest section only;
Due to unavailability of data, waiting time at border crossings for each
station at Corridor X is assumed as an average value of two neighbouring
border stations (cumulative was available);
Waiting at border crossing is based on real time, not scheduled;
Data for Corridor IV is acquired from Corridor information document
(CID), Transport market study (TMS) and other documents available at
the website of RFC7;
Data for Corridor X is acquired from CEAM project document, paper
„Port of Piraeus – opportunity for railways in SE Europe“, and SEETO
reports.
Due to unavailability of the data for track capacity, only track capacity
utilization will be used in purpose of discussion.

Distance
Corridor X stretches 1033 km on section Thessaloniki - Budapest while
Corridor IV is 342.2 km longer: 1375.2 km. Therefore, the length can be
assumed as significant (potential) advantage of Corridor X. Lengths of the
corridors and sections in each country are given in table below.
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Table 3: Lengths of corridors in each country

Corridor X

Corridor IV
Section
Length

Section

Length

Budapest-Kelebia

173 km

Subotica-Presevo
TabanovciGevgelia
Idomeni-Thessal.

568 km
213 km

Total*:

1033 km

79 km

BudapestLőkösháza
Curtici–Golenti
Vidin-Kulata

220.8 km

PromachonThessal.
Total*:

144 km

539.1 km
470.9 km

1375.2 km

*Distances between border stations included
Source: infrastructure managers Network statements for 2017 on given countries

Commercial speed and transit time
Commercial speed is crucial factor of competitiveness, because it
represents the current condition of infrastructure, maximum speed limits,
bottlenecks, waiting at borders etc. Also, it is manifested by transit time
which is among most important factors when forwarders make their
transport decisions. Table below shows commercial speeds and transit times
(waiting at borders excluded) of freight trains for each country.
Table 4: Commercial speeds and transit times for each country

Corridor X
Commercial
speed
Hungary
38 km/h
Serbia
27 km/h
FYROM
47 km/h
Greece
70 km/h
Total transit time:

Corridor IV
Transit
time
4.5h
21h
4.5h
1.2h
31.2h

Commercial
speed
Hungary
90 km/h
Romania
70 km/h
Bulgaria
60 km/h
Greece
60 km/h
Total transit time:

Transit
time
2.45h
7.7h
7.85h
2.4h
20.4h

When waiting time at border crossings is taken into account, the outcome
is radically different as shown in table below.
Table 4.1: Waiting at borders and corrected values (Corridor X)

Corridor X
Hungary
Serbia
FYROM
Greece

Waiting time at
border (h)
Kelebia
4.2
Subotica
4.2
Presevo
4
Tabanovci
4.1
Gevgelia
4.1
Idomeni
4.1
Total transit time and speed:
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Transit
time (h)
8.7
29.2

Commercial
speed (km/h)
19.9
19.45

12.6

16.9

5.3
55.8

14.9
18.51

Table 4.2: Waiting at borders and corrected values (Corridor IV)

Corridor IV
Hungary
Romania
Bulgaria
Greece

Waiting time at
border (h)
Lokoshaza
0.5
Curtici
2.33
Calafat
2.33
Vidin
3.05
Kulata
3
Promachon
3.66
Total transit time and speed:

Transit
time (h)
2.95
12.36

Commercial
speed (km/h)
74.91
43.61

13.9

33.9

6.06
35.27

23.76
39

Commercial speed and transit time on Corridor IV can be considered as
its main advantage, with commercial speed as twice as Corridor X, resulting
in 20h less transit time (despite the difference in length). It has to be
emphasized, that 44% of time is spent at borders for Corridor X, which is
along with bad quality of infrastructure, main reason for long transit time.
Costs
Specific cost of transportation depends (among other factors) on
negotiation power of each railway operator. Railway operators are often not
familiar with the price along the whole route, and that information is rather
classified as confidential. Only information available to the authors, was one
that Corridor X is approximately 5.000 EUR cheaper than Corridor IV per
one intermodal train [Bauranov, 2016], which can be considered as merit,
and supports Corridor X competitiveness.
For the purpose of comparison, table below shows railway access charges
along corridors. Railway access charge often represents competitiveness of a
railway sector, and it determines the level of market development as well as
the final price (up to 30% of final price stands for access charges).
Table 5: Access charges on Corridors IV and X (2016 data)
Corridor X
Corridor IV
Country
Access charge
Country
Access charge
(EUR/tkm)
(EUR/tkm)
Hungary
2.05
Hungary
2.05
Serbia
0.83
Romania
2.90
FYROM
2.94
Bulgaria
1.50
Greece
1.05
Greece
1.05

When length of the section in each country is taken into account, access
charge (from Thessaloniki to Budapest) for minimal package is roughly
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1330 EUR cheaper (52%) on Corridor X than on Corridor IV per one freight
train.
Track capacity
In general, both of corridors have sufficient capacity for present and nearfuture traffic flows. Romania and Greece on Corridor IV have slight
potential for lack of capacity in case of major increasing in traffic demand.
Important note is that, according to UIC methodology, capacity utilization
for tracks with mixed traffic should not exceed 75%. Due to unavailability of
precise percentage, we can only claim Romania and Greece to have potential
for utilization being higher than 75%. Also, quality of the service is an
important indicator (variable) of competitiveness, and it is possible to
conclude that, sections with utilization higher than 75% have lack of service
quality. Table below shows capacity utilization for Corridors X and IV.
Table 6: Corridor X and IV; capacity utilization
Country
(Corridor X)

Capacity
utilization

Country
(Corridor IV)

Capacity
utilization

Hungary
Serbia
FYROM
Greece

< 49%
< 49%
< 49%
< 49%

Hungary
Romania
Bulgaria
Greece

< 49%
50-89%
< 49%
50-89%

Source: Implementation plan of RFC7and SEETO Multi annual plan 2018

CONCLUSION
Paper disclosed the theoretical aspect of competitiveness and proposed
unique definition of rail corridor competitiveness as a system. Afterwards,
comprehensive literature review was performed in order to clarify methods
for competitiveness evaluation, as well as the determination of factors.
Paper showed most used methods of evaluation to be competitiveness
index, comparative analysis and the set of the mathematical methods (multicriteria optimisation, logistic regression model, gravity model etc.),
respectively.
Comparative analysis was chosen as the most convenient method of
evaluation for corridor competitiveness, and literature review was performed
in order to establish unique model of factors and variables. Paper showed
that most significant factors of corridor competitiveness are distance,
commercial speed, transport cost and capacity.
Case study was performed on TEN-T corridors X and IV, and it showed
the distance and cost (and capacity conditionally) are factors advantageous
for Corridor X, while commercial speed is the (crucial) advantage of
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Corridor IV. According to the fact that Corridor IV guaranties almost two
times higher commercial speed for freight trains operating along its path,
which results in 20 hours shorter transit time, and that is definitely a
competitive advantage of the Corridor and cause why it is more viable
option for freight forwarders and cargo flows originating from the port of
Piraeus in Greece to Budapest and further to Central Europe.
Also, as paper shows, 44% of Corridor X transit time is „wasted” on
border crossings, and it represents the opportunity for transit time reduction.
It is emphasised that Corridor X is 342 km shorter on Thessaloniki-Budapest
section, which has influence on the transport price (5.000 EUR cheaper).
Finally, capacity utilization was discussed, and paper shows that both of
the corridors have sufficient capacity for present and near-future traffic
demands, but Corridor IV is in slight potential of having shortage of capacity
for major increasing of cargo flows in future.
Anyway, for more relevant results, it is necessary to collect more detailed
and harmonized data or to perform long lasting observations in order to get
data based on real condition, or to even include wider set of factors and
variables which were excluded from the model due to lack of data. For
example, it is necessary to include precise amount of transport price, data for
track capacity and waiting at borders for each individual station.
Bearing in mind all the facts discussed in paper, it can be concluded that
Corridor X have significant market potential, but it is necessary to shorten
transit time, mostly by reducing cross border waiting and raising investments
in infrastructure. The route from Piraeus to Budapest represents significant
potential for Corridor X due to presence of high volumes of cargo flows in
port of Piraeus, and according to this research and many others, countries
along Corridor X should put more attention and effort on it.
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Abstract
Fault tree analysis (FTA) is one of the basic and most used methods for
safety and reliability analysis of technical systems. This method is especially
suitable for analysis system, which failures can cause serious consequences
that affect on human lives and environment.
Level crossing systems constitute one of the most important sources of
accidents in the railroad domain. By using the technique we proposed herein,
values are transformed into the fuzzy numbers to give a realistic estimate of
failure possibility of a basic event in FTA. The aim of this paper was to form
a model which can identify scenarios and events that have the most affect on
unwanted top event. This can lead to reduce number of accidents on level
crossing. Model was tested for one level crossing in Pirot for basic top event
“Passing the train by the unsecured level crossing”.
Keywords - fault tree analysis; level crossing; fuzzy

INTRODUCTION
One of the biggest transport and traffic problem is their safety. In recent
years, some railway accidents have happened and caused a lot of injuries,
fatalities, traffic interruption and costs. Big part in railway accidents are
accidents on level crossings. Therefore, special attention must be paid on
level
crossing
safety
and
reliability.

¹ original scientific paper
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Fault tree analysis is proved to be a very effective tool to predict
probability of hazard caused by a human mistake or technical failure of the
system, which can be happened on level crossing. In conventional FTA the
basic events are represented by the probabilities (crisp numbers). However,
for many systems available data are insufficient for statistical inference and
it is very difficult to estimate failure possibilities of basic and undeveloped
events. This was reason to combine conventional FTA with new approaches
like fuzzy logic. There is many papers that implementing fuzzy logic in FTA
[1,2,3,4, and 5].
LITERATURE REVIEW
In thissection authors presents a brief description of the relevant
literature. Fuzzy logic is one of the most used method for solving railway
problems. There are a lot of papers that using fuzzy logic in combination
with other methods for solving problems on railway.
Paper [4] gives the idea how to connect fuzzy logic with fault tree
analysis. Fuzzy FTA are used in petrochemical process industry in which
fire, explosion and toxic gas releases are potential hazards. The authors of
[5]developed fault tree analysis method to investigate high-speed railway
network.
In paper [6] authors developed a decision support model for automated
railway level crossing using fuzzy logic control. Model was used for
providing robust decision making at unmanned railway level crossings, to
save the overall operation time, to avoid any accidental fatalities, and to
eliminate human errors. The authors of [7] proposed a strategy based on
fuzzy logic in combination with multi-criteria approach including several
constrains for hybrid railway power substations. A high-speed railway
control system based on fuzzy logic controller was developed in [8].
FAULT TREE ANALYSIS
Fault tree analysis was developed in 1961 at Bell Telephone Laboratories.
This technique provides graphical approach to the identification of high-risk
areas. Method consists of direct computation from the probabilities of the
primary events. Construction of a fault tree begins with the definition of the
top undesired event. The formation of fault tree is done using symbols for
different types of events: “circle” for primary events, “rectangle” for
intermediate events or “rhombus” for undeveloped events. Logical symbols
in the fault tree indicate the mutual conditionality and connection of the
events of the lower and higher levels. For that purpose, we use “OR” logical
gate if the occurrence of either input event causes the output event to occur.
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On the other hand, if both input events must occur in order the output event
to occur, then they are connected using “AND” gate.
Minimal cut set is combination of components or events whose
simultaneous failures lead to undesirabletop event. In order to determine the
minimal cut set of the fault tree analysis, it is necessary to transform the tree
into corresponding Boolean equations [10].
FUZZY NUMBERS AND OPERATIONS
Fuzzy set theory is a suitable mathematical tool for modeling different
processes dominated by uncertainty, versatility, uncertainty and so on [11].
In a universe of discourse X, a fuzzy subset A of X is characterized by a
membership function fA(x) which associates with each element x in X a real
number in interval [0,1] [12].
Membership function triangular fuzzy number A can be described as:

0, x  a1

 x  a 
1
, a1  x  a2
 
  a2  a1 
 A x 
 a3  x , a  x  a
3
 a3  a2  2

0, x  a3


(1)

Operations on triangular and trapezoidal fuzzy numbers are as following
[11].The addition of two fuzzy number A and B is defined as:

A B  a1 , a2 , a3   b1 , b2 , b3   a1  b1 , a2  b2 , a3  b3 

(2)

Similarly subtraction of two triangular fuzzy numbers is also a triangular
fuzzy number and it can be given by the following expression:

A B  a1 , a2 , a3   b1 , b2 , b3   a1  b3 , a2  b2 , a3  b1 

(3)

Using algebraic operations on fuzzy numbers now we can obtain fuzzy
operators corresponding to Boolean operators “AND” and “OR”.
If p1, p2, pn are the possibility of the basic event i (i= 1, 2,…. n) than
operator “AND” can be defined as [13]:
n

p AND  AND  p1 , p2 ,...., pn    pi

(4)

i 1

Where ∏ denotes the fuzzy multiplication and pAND be the possibility if
resulting event. If pi represent triangular fuzzy number (a1, a2, a3), then:
n
n
n
 n

p AND  AND p1 , p2 ,...., pn    a1 , a2 , a3     ai1 , ai 2 , ai 3  (5)
i 1
i 1
i 1
 i1


Similarly, operator “OR” can be defined as:
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n

pOR  OR p1 , p2 ,...., pn   1   1  a1 , a2 , a3  
i 1

(6)

n


1   1  ai1 ,1   1  ai 2 ,1  1  ai 3 
i 1
i 1
i 1


n

n

FUZZY IMPORTANCE INDEX (FII)
Ranking of basic events by their importance and impact on top event play
a vital role in fault tree analysis. On improving the reliability of the event
having greater importance, one can improve the reliability of the system. The
fuzzy importance of any event is always calculated in the form of fuzzy
importance index (FII).Let ptbe the failure possibility of the top event and
ptibe the possibility of occurrence of top event if the basic event Ei does not
happen. The distance of ptfrompti will determine the importance of a basic
event Ei.
If the basic events are triangular fuzzy numbers, than we denote ptandpti
by the triplets (a1, a2, a3) and (a1i, a2i, a3i) respectively. It concludes that
fuzzy importance index (FII) may be defined as follows [2]:

FII Ei  

a  a   a
1

i 2
1

2

 
2

 a2i  a3  a3i



2

(7)

If basic event Eihas a greater importance than the other basic event Ej
than distance between ptandpti is greater than distance between ptandptj.
Using this method all basic and undeveloped events can be ranked by
their importance index.
FUZZY FAULT TREE OF LEVEL CROSSING RELIABILITY
In this paper, fuzzy numbers are used to represent failure possibility of
each basic event in fault tree analysis. For that purpose, triangular fuzzy
numbers are used.
At the beginning, we must define undesirable „top event“. For this model,
that event is „Passing the train by the unsecured level crossing“. This event
can be caused by human mistake or some technical failure of the system and
elements of the system.
Failure probabilities for all basic and undeveloped events are represented
by fuzzy numbers collected from experts from the field and real state from
the field in recent years [14]. Model is divided into two basic categories,
branch B1 refers to train passing the level crossing with permission, and
branch B2 refers to train passing the level crossing without permission. It can
be seen there are a total of 40 events, of which 17 of them belong to basic
events and 6 events are undeveloped events.
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Using Boolean equations failure probability of top event was calculated.
System failure probability was determined by quality analysis.Final step
represent calculation of fuzzy importance index and ranking of basic and
undeveloped events.
A

B1

B2

C1

D1

D2

E1

C2

D3

E2

E3

F1

E5

E4

F2

F3

G1

H1

I1

D5

D4

E6

F4

D6

C3

D7

D8

C4

D9

E7

D10

E8

E9

D11 D12

E10

F5

G2

H2

I2

Fig. 1. Fault tree of Westinghouse level crossing

In the fault tree analysis, the following intermediate events appear:
-

A - Passing the train by the unsecured level crossing,
B1 - Train has permission for passing the level crossing,
B2 - Train has not permission for passing the level crossing,
C1 - Failure the device on level crossing,
C2 - The device on level crossing correct, auxiliary fiber burned,
C3 - The train didn’t stop in front of level crossing ,
C4 - The train stopped in front of level crossing,
D2 - The device is not activated after use of the crank,
D3 - Hitch on level crossing device,
D4 - The device on level crossing secured, barriers doesn’t put down,
D9 - Poor assessment of train braking distance,
D10 - Locomotive driver doesn’t stop the train,
E4 - Main fiber burned,
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-

E6 - Pointsman doesn’t put down barriers at the level crossing,
F3 - Contacts of the road signal control light bulb relay released,
G1 - Contacts for main fiber control relay released,
H1 - Signaling system mechanic changing the light bulb.

Basic events and fuzzy numbers for failure probability of basic events are
given in table 1.
Label
D8
D11
D12
E1
E2
E7
E8
E9
E10
F1
F2
F4
F5
G2
H2
I1
I2

Table 1. Basic events and their probabilities
Basic event
a1
Failure of braking system
0,008
Locomotive driver doesn’t have order for
0,007
passing the level crossing
Locomotive driver stopped train in front of the
level crossing because of the failure of the
0,0033
signal
Relay failure
0,015
Control relay for closing half-barrier contacts
0,01
closed
Locomotive driver fell asleep
0,004
Locomotive driver can’t see the signal due to
0,006
bad weather conditions
Irresponsible behavior of the locomotive driver
0,004
Locomotive driver can’t stop the train because
0,009
of health reasons
Contacts of the switching road signal relay
0,004
released
Contacts of the flasher relay closed
0,001
Pointsman forgot to put down the barriers
0,002
Failure on push-button for put down the
0,007
barriers
Invalid contact
0,03
Contacts of relay for hitch device on level
0,06
crossing released
Failure push-button „YES“ for returning relay
0,013
in basic position
Relay main fiber failure
0,002

a2
0,012

a3
0,014

0,014

0,024

0,0088

0,015

0,022

0,05

0,017

0,025

0,011

0,023

0,025

0,039

0,0055

0,0079

0,022

0,037

0,007

0,1

0,025
0,008

0,04
0,014

0,014

0,024

0,075

0,099

0,088

0,099

0,026

0,035

0,019

0,074

Undeveloped events are and their fuzzy numbers are given in table 2.
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Label
D1
D5
D6
D7
E3
E5

Table 2. Undeveloped events and their probabilities
Undeveloped event
a1
Broken pole half-barrier
0,01
Contacts of the relay for automatic or manual
0,012
switch-on level crossing device released
Contacts of the road signal switching relay
0,009
released
Contacts of the one road signal light control relay
0,04
released
Pole half-barrier aren’t in regular position
0,04
Pointsman put down barrier on level crossing
0,004

a2
0,023

a3
0,034

0,016

0,019

0,015

0,035

0,081

0,1

0,06
0,025

0,08
0,066

RESULTS
Using Boolean equations, based on fault tree, top event can be expanded
as follow:

A  D1  E1  E2   E3  F1  F2  I1  I 2   H 2   G2 
 E5  F4  F5   D5  D6  D7 

 D8  E7  E8   E9  E10   D11  D12 

(8)

Membership function for top event are given in next equation:

0, x  0,12930474

 x  0,12930474
,0,12930474 x  0,26735584

 0,1380511 
 A x 
  0,4541945 x ,0,26735584 x  0,4541945
  0,1868386 

0, x  0,4541945

(9)

The failure possibility of top event for each basic and undeveloped event
is listed in table 3.
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Undeveloped events

Basic events

Table 3. Probability of top event when basic (undeveloped) event doesn’t happen
D8
0,12130474
0,255356
0,440195
D11

0,12230474

0,253356

0,430195

D12

0,12600474

0,258556

0,439195

E1

0,11430474

0,245356

0,404195

E2

0,11930474

0,250356

0,429195

E7

0,12530474

0,256356

0,431195

E8

0,12330474

0,242356

0,415195

E9

0,12530474

0,261856

0,446295

E10

0,12030474

0,245356

0,417195

F1

0,12930432

0,267319

0,452967

F2

0,12930432

0,267319

0,452967

F4

0,12730474

0,259356

0,440195

F5

0,12230474

0,253356

0,430195

G2

0,12930462

0,267343

0,453799

H2

0,1293045

0,26734

0,453799

I1

0,12930469

0,267351

0,454055

I2

0,12930473

0,267353

0,453899

D1

0,11930474

0,244356

0,420195

D5

0,12930042

0,267336

0,454128

D6

0,12930042

0,267336

0,454128

D7

0,12930042

0,267336

0,454128

E3

0,08930474

0,207356

0,374195

E5

0,12530474

0,242356

0,388195

Rank of fuzzy importance index of all basic and undeveloped events
Eiare shown in table 4 (shaded events are undeveloped events).
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Event

Table 4. Fuzzy importance index
Fuzzy importance
Event
index

Fuzzy importance
index

E3

0,1077

F4

0,0162

E5

0,0707

E9

0,0104

E1

0,0566

F1

0,0012

E8

0,0467

F2

0,0012

E10

0,0440

H2

0,0004

D1

0,0422

G2

0,0004

E2

0,0318

I2

0,0003

D11

0,0287

I1

0,0001

F5

0,0287

D5

0,0001

E7

0,0258

D6

0,0001

D8

0,0201

D7

0,0001

D12

0,0177

According to the table 4, it can be seen that largest FII and influence on
top event “Passing the train by the unsecured level crossing”, has basic event
E3. Data collected from the field shown that there is a connection between
model results and real state. Main problems on this level crossing in recent
two years were defective left or right pole insert, and failure of fuse for right
pole, in eight of ten cases. This accidents can be part of undeveloped event
E3 “Pole half-barrier aren’t in regular position”which has largest influence
on top event.
CONCLUSION
This paper focused on identification scenarios and events that can cause
accidents on level crossing like passing the train by the unsecured level
crossing. For that purpose, fuzzy FTA was used. Probabilities of basic and
undeveloped events are defined on expert knowledge and situation on the
field.
According to the Boolean algebra we calculate minimal cut set, and
recalculate the failure possibilities of the top event in condition that one
specific basic or undeveloped event did not occur. Main conclusions are
drawn:
 most common causes of accidents on level crossing from this
paper are technical, so it is necessary to improve maintenance of
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level crossing device and railway staffs responsibility in their
usage and service;
also, in the future, a change in the way of insurance can be
considered, through the installing new modern devices on level
crossing;
fuzzy numbers used herein, to represent failure possibility of
basic or undeveloped events can be replaced with intutionistic
fuzzy numbers to give more general results in fault tree analysis;
model can be extended, some basic and undeveloped events can
be even more branched, and more experts can be involved in
defining the probability of this events and their influence on top
event.
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Abstract
INDUSI (Punktförmige Zugbeeinflussung - PZB) is the most widespread
automatic train stop system in the world. It has been installed on over 75 000
km of railway track just on the conventional European Railways (excluding,
private operators and metro railways around the world). One of the reasons
for its success is the fact that it is a standard automatic train stop system in
the technologically most developed railway in the world - Deutsche Bahn.
The paper will demonstrate the functionality, availability, reliability of
automatic train stop system and describe some of the applications in a
variety of railway signalling systems. ALTPRO as a company with extensive
experience in the development, manufacturing and maintenance of all
INDUSI (PZB) ATPS systems will display several modernization projects of
the system and show why INDUSI, due to its structure and basic concepts,
currently fits best into all modern railway signalling systems.
Key words: ATP; PZB; INDUSI

INTRODUCTION
One of the first ever developed ATP systems is working on INDUSI
principle. It allows non-contact transfer of data/information from track to
railway vehicle in one point (crossing point) and in one direction (no return
information from vehicle to infrastructure).
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Onboard
equipment

rail

Track side
equipment

Fig. 1. Information transfer principle in INDUSI system

Autostop system based on inductive coupling (INDUSI, Punktförmige
Zugbeeinflussung – PZB) consists of one central unit and 2 locomotive
balises. It is a reliable, safe and technically most convenient system in the
world from 1960. This system is a standard in the lot of European countries:
Austria, Bosnia and Herzegovina, Montenegro, Croatia, Germany, Poland,
Romania, Slovenia, Serbia, and Turkey. That makes it the most recognizable
ATP system in the world with installations on more than 75 000 km of track.
Also, the system is partially used in Denmark, France, India, Indonesia,
USA, Canada, Great Britain, Israel and Czech Republic.
The system was introduced to Yugoslavian railway after a big accident at
Zagreb’s main station in 1974. From then on, it is used on railway tracks in
Croatia and other national railways which were formed when Yugoslavia
was dismantled.
Instructions 425, 426 and 427 issued by Yugoslavian railways in 1975 are
still valid on all national railways of former republic. This collection of
instructions is applied only to the inductive autostop device I60 and it was
made according to the (at that time relevant) “Railway safety act”,
“Technical requirements for signalling and telecommunication equipment on
main JŽ (Yugoslavian railways) lines” and “Technical requirements and
technical conditions for ATP devices on JŽ (Yugoslavian railways) lines”. It
is important to mention that the majority of the railway vehicles has already
been equipped with the autostop I60 system.
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There is a constant trend of improvement of the INDUSI system on all
mentioned railways. Various other railways which don’t have any safety
system are turning towards INDUSI system because it is safe, reliable and
financially not extensive. Besides maintaining the existing equipment,
ALTPRO has the ability to produce, develop and accommodate the system
to any railway requirement.
AUTOSTOP SYSTEM DESCRIPTION
Autostop system consists of train borne and track side part (Fig. 2). The
purpose of the system is to prevent the passage of the train over the point of
the track if certain conditions were not met. If the train driver does not
respond to certain requirements which are needed in the specific moment,
the infrastructure part of the system influences the locomotive part and stops
the train by emergency braking.
At locomotive part of the system, locomotive balise produces alternating
electromagnetic fields of 3 frequencies – 500 Hz, 1000 Hz and 2000 Hz. If
this field is found above the active track balise whose resonant frequency
matches one of 3 frequencies of the locomotive balise, there is a transfer of
information from the track balise to locomotive balise. As there are 3
frequencies, all of the 3 have certain roles:
2000 Hz influence:
 Immediately activates emergency braking
1000 Hz influence:
 Request vigilance from driver
 Activates speed restriction (vehicle slowing down required)
500 Hz influence:
 Speed control in the point of detection.
Track balise is constructed in a way of parallel resonant circuits. They do not
use any outside power supply.
For the track balise to be inactive, it is necessary to short circuit a certain
resonant circuit. The installation does not require special cabling.
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Fig. 2. Schematic of the ATPS system

Other parts of the system:
 speed indicator
 speed sensor
 pressure sensor in central brake line
 testing device for locomotive and track balise and central device.
TRAIN BORNE EQUIPMENT
Main components of locomotive part of INDUSI system produced by
ALTPRO are:
 RAS 8385 central autostop device which consists of logic part,
frequency generator, electro-pneumatic part, influence detector and
event recorder.
 Locomotive balise LLC0512 with resonant frequencies 500, 1000,
2000 Hz.
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Fig. 3. Train borne equipment

CENTRAL DEVICE RAS 8385

Fig. 4
Fig. 5.
Central control unit type RAS8385-IS produced by ALTPRO; ATPS testing unit
type ASI produced by ALTPRO

Central device RAS8385 consist of:
 braking unit
 DC/DC converter with high efficiency and availability
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 three-frequency generator type GSM0512 for powering the
locomotive balise
 module RE4 for simple measuring of the release currents without
disconnecting of the device
 for connecting the system to the railway vehicle robust industrial
connectors are used
 dead man’s control device (as totally independent device from ATPS)
 event recorder unit which can be used for registration and monitoring
also some other subsystems of the railway vehicle and some vital
signals and information (dead man’s control unit activation,
breaking pressure, control of the breaking pipeline, cabin activation,
direction…).
 module for rail wheel lubrication system.
All parts of AUTOSTOP system have independent power supply.
Testing device ASI is also developed, and it enables the testing of central
devices from all manufacturers of INDUSI based systems (ALTPRO, SEL,
SIEMENS), (Fig. 5).
LOCOMOTIVE BALISE
Frequency generators provides continuous signal of 500, 1000 and 2000
Hz for locomotive balise. In the moment when locomotive balise is situated
above track balise (500, 1000 or 2000 Hz), inductive coupling causes the
drop of one of the resonant current in the locomotive balise due to influence
of parallel resonant circuit of track balise which is active, while two other
resonant currents in the locomotive balise stay unaltered. This drop of
resonant current is detected in the central device RAS 8385 which
automatically conducts train driver check, speed check and if necessary –
emergency braking.
With continuous development of AUTOSTOP product by ALTPRO, it
was upgraded in design and technology. Locomotive balise LLC0512 is
developed to the level where maintenance is practically unnecessary which
is demonstrated by 15 years of use, with no problems in exploitation such as
electrical damage or voltage brake down on coil or capacitor block due to
over voltage or moisture.
Regarding the connection, ALTPRO produces locomotive balises with
connection from the top (tilted) and from the rear side (straight) according to
the needs of the user. Complete functional compatibility was also achieved
with other manufacturers' devices and ALTPRO products are used as a
substitute on vehicles that originally had other locomotive balises installed.
LMI device is used for testing the balises.
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Fig. 6
Fig.7.
Locomotive balise LLC0512 produced by ALTPRO; Testing device LMI produced
by ALTPRO

TRACKSIDE PART OF THE SYSTEM
Track balise is encased in waterproof casing with IP68 rating. Internal
components are encased in special epoxy mass and they are resistant to
vibrations, moisture and other atmospheric conditions. Connection cable is
connected to the locomotive balise through a gland and on the locomotive
balize the wires are connected by screw terminal connection. Track balise is
mounted on the track with mounting brackets. For the balise to function
properly, it is needed to properly adjust the height (distance between the
upper surface of the balise and the top of the rail) and side distance from the
track center to the inner side of the rail.
Track part of AUTOSTOP system includes track balise with 500 Hz
resonant frequency and combined balise with resonant frequencies of 1000
Hz and 2000 Hz. Track balises are passive parallel resonant circuit which
means they do not use any external power supply. The balises are mounted
on the right side by the track in the direction of the train movement.
Track balise is to be activated by certain contacts of the control relays
activated by certain aspects of the signal lights which are installed in the
relay signal block. Closed contacts deactivate track balise and open contacts
activate the balise. Balise (track magnet) 1000/2000 Hz has three
connections for two combinations of the contacts. If both are closed, track
magnet is inactive. If one is open, resonant circuit 1000 Hz is active, and if
both are open then resonant circuit 2000 Hz is active.
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Track balises

Fig. 8. Track balise type PM1020

Track balise type PM1020 is a combined track balise which can be set in
3 states – 2000 Hz active, 1000 Hz active and inactive state. It is used for
main signals and distant signals and it is activated depending on the signal
state. Track balise PM500 is used as a speed control element for station
protection.
One of ALTPRO innovations on its track balises is the feature which
enables the track balise to report the control center about its status. Track
balise, besides 3 basic terminals for activation and deactivation, has
additional terminals where connection cables are connected. Those cables
are used for detection if the balise is removed from the tracks. It is a
completely energy independent system which requires no power supply but
it does require additional cabling with one conductor pair.
This system can network more signals in a way that removing one balise
influences the state of the previous signal. This is an efficient way to detect
the act of vandalism as it occurs. Usual controls, measurements and testing
of trackside equipment by authorized maintenance personnel are still
required for the whole system to work properly. Some railways are
preserving their balises from vandalism by concrete blocks. (Fig. 9).

Fig. 9
Fig.10.
Track balise protection by concrete blocks; Testing device PMI2
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For testing and maintaining track balises many clients in the world use
PMI2 device (Fig. 10) which can test the balises from all 3 world producers:
ALTPRO, SIEMENS and SEL (Thales).
ADVANTAGES OF IMPLEMENTING ATPS AP AUTOSTOP
Complete ATP system; Longevity, reliability and quality; Long guarantee
period; Independent power supply of all AUTOSTOP components; Low
price of the whole system; Complete testing equipment; Quick and simple
customer training for maintenance; This solution ensures that all safety
systems in the locomotive are placed in one casing (“Dead man’s” control
system, event recorder, central AUTOSTOP device, rail wheel lubrication)
CERTIFICATES
Locomotive and Track balises are tested according to new EN standards
in the leading certification institution TÜV Rheinland and currently only
ALTPRO has this certificates for this kind of product worldwide.

Fig. 11
Fig. 12
Fig.13:
Certificates for locomotive balise type LLC0512, track balise PM1020 and PM500
issued by TÜV Rheinland InterTraffic

CONCLUSION
Taking into account the number of the EU countries (railways) that use
INDUSI ATPS, we can consider INDUSI as the main ATPS for
conventional railway lines and it still offer high level of safety and reliability
with relatively low investments (taking into account both – new projects and
maintenance). It is necessary to mention that may railways all around the
world still have not any kind of the train protection system. In our region
these countries (railways) are: Macedonia, Albania, Greece, Bulgaria… In
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railways with speed limit of 160 km/h this ATPS shows really good
performances related both safety and availability and life cycle
performances. On the Deutche Bahn (German Railways) which we consider
as modern and developed railways, this ATPS is still obligatory ATPS on all
the vehicles and it will be for a long time in the future even some new
technologies are coming to the railways (ETCS). New, modern systems,
which are to be used for high-speed applications (more than 160 km/h) are
used basically in passenger traffic but biggest part of the whole traffic is
freight traffic. By these reasons we consider that ATPS based on the
INDUSI principle with some technology upgrades will be a very interested
ATPS both, for installation on the industrial and traffic corridors and traction
vehicles, and for refurbishment and maintenance of the railway vehicle and
infrastructure on which the INDUSI ATPS is already installed even more
than 30 years.
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Abstract
Market liberalization is a great contemporary trend in many fields of
economy. Liberalized transport market, where the transport demand is
meeting with transport offer, is evolving dynamically. Private railway
passenger operators want to increase their market share together with
national railway passenger transport companies therefore the quality of
passenger transportation is getting higher, which positively influences the
attractiveness of railway passenger transport. The article is focused on these
current trends of liberalization in railway passenger transport market. From
operational and economical point of view, there are described some ways,
how to make the railway passenger transport system more effective and
make the entire transport system more attractive for traveling public.
Keywords - transport market; liberalization; railway transport;
passenger transportation

INTRODUCTION
Passenger transport is generally considered as an activity, which arises as
the consequence of spatial division of places, where people are in exact time
and their need to move. Requirements for transport of passengers originate
in their need to move, while the passenger transport is dependent on the
willingness
of
travelling
[1].
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In passenger transport, there are mostly individual passengers, so it is
difficult to determine all transport requirements. Passenger transport is
divided into individual and public. Individual passenger transport includes
walking, cycling and car transport. Public passenger transport includes
railway, road, water, air, city and unconventional transport. From spatial
point of view, passenger transport is divided into local, regional and longhaul, which is then divided into interregional transport or international
transport[2].
From economical point of view, passenger transport is classified into
tertiary sphere – services. It means that there are not any material production
values, but it is reflected in costs. In general, passenger transport has got a
great social and political importance. Primary function of the transport
system is providing transport for passengers on regional, nationalinterregional and international level [3].
RAILWAY PASSENGER TRANSPORT IN GENERAL
Key element in railway passenger transport is a customer – passenger,
who requires the transport from one place to another. A basic precondition
for accomplishing the main requirement – transport, is making the complete
offer which provides not only transport, but also other associated services.
From economical point of view, very important criterion is the price for
transport and it mostly depends on economic indicators. In market economy,
there are three factors: costs, demand and competition [3].
Current trend is to optimize connectivity in railway passenger transport
by reduction of transfer time – starting at home and finishing in the transport
destination. It is important to synchronize arrivals and departures of all
connected trains in all points, where passengers can get on, get off and
change the vehicle. Minimizing of waiting time will increase quality of
passenger transport in general [4].
Entire quality is defined as an ability to satisfy all requirements of
customers. Specific signs for services in transport are insubstantiality,
impossibility to store, inseparability, variability, complexity and uniqueness.
Level of service quality can be perceived as a disharmony among expectation
and perception. Customers – passengers have got different priorities which
are connected with quality of service. They usually remember low quality and
high quality is a standard for them. The main challenge is to identify the
passengers’ needs and satisfy them in all cases, because every transport is
realized in different conditions [2].
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LIBERALIZATION OF RAILWAY PASSENGER TRANSPORT
MARKET IN THE EU
A basic step in the liberalisation of the railway passenger transport
market has been the separation of railway infrastructure managers from
railway transport companies (operators respectively carriers) and
consequently providing non-discriminatory access of the railway companies
to railway infrastructure in all Member States. The partial liberalisation of
the railway passenger transport market in the European Union (EU) was
already underway in 2010, when all European railway companies gained
access to all railway infrastructures in the EU. Opening up the market to new
private railway operators means that several transport operators can compete
directly for selected lines at the same time. Given that passenger transport is
a State instrument of transport, regional and social policy to provide
transport services, it is still largely controlled by the State [5].
The opening up process of domestic railway passenger transport markets
according to the fourth railway package has variety of level in Member
States. This process is requested to done not later than 2019, while making
public tenders for transport service contracts compulsory, in the public
interest. The idea is to meet the objectives of the EU White Paper on
transport and The Regulation (EC) No 1370/2007 of the European
Parliament and of the Council of 23 October 2007 on public passenger
transport services by rail and by road and repealing Council Regulations
(EEC) No. 1191/69 and 1107/70 [6].
The current EU transport policy is based on the ‘White Paper on the
Single European Transport Area – Creating a competitive, resource-efficient
transport system that includes forty initiatives to create an efficient transport
system. The area of the allocation of public services includes an initiative to
open up the domestic railway passenger market to competition, including the
compulsory award of public service contracts through competitive tendering.
The railway transport market has undergone several transformations. Those
achieved economic efficiency of rail transport, reducing the financial burden
on the state budget, streamlining the management of the railway company
and create the conditions for a market orientation. The aim was to increase
the flexibility of railway transport to the needs of the customer. The
requirements of liberalizing the railway passenger market and harmonizing
the conditions for access to this market resulted in the adoption of the so
called Fourth Rail Package [7].
This Regulation lays down the conditions under which competent
authorities when imposing or contracting obligations arising from the public
service provided by the suppliers pay for costs incurred and/or grant
exclusive rights in return for fulfilling the obligations arising from the public
service. The Regulation applies to national and international public
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passenger transport services in rail passenger transport, other passenger rail
and road passenger transport. Exceptions are services which are provided
mainly for their historical or tourist value[8], [9].
The amended version of the Decree from December 2016 introduced the
definition of public service. It is done a public railway passenger transport
where they concern transport by rail, with the exception of other track-based
modes such as metro or tram. Public service performances are provided by a
public or private undertaking for passengers or carriers on the basis of a
public service contract concluded between the railway undertaking and the
competent public authority or authority with such competence [8-10].
Contracts are awarded either directly to a selected railway undertaking
over which a competent authority control or another possible ways. The
competent authority decides itself to provide services in the context of public
services in railway passenger transport, and these performances are entrusted
to a third party by tender[11].
The procedure adopted for competitive tendering shall be open to all
operators, shall be fair and shall observe the principles of transparency and
non-discrimination. Following the submission of tenders and any selection,
the procedure may involve negotiations in accordance with these principles
in order to determine how best to meet specific or complex requirements. If
subcontracting takes place, the operator entrusted with the administration
and performance of public passenger transport services in accordance with
this Regulation shall be required to perform a major part of the public
passenger transport services itself [12].
A public service contract covering at the same time design, construction
and operation of public passenger transport services may allow full
subcontracting for the operation of those services. The public service contract
shall, in accordance with national and Community law, determine the
conditions applicable to subcontracting. Before a public tender is started a
decision may be taken by the competent authorities limiting the number of
contracts with the same railway undertaking [8-10].
#11#
COMPARISON OF RAILWAY PASSENGER TRANSPORT MARKETS
The comparison of the basic requirements railway passenger transport
contracts according to the way they are entered is dealt with in Table 1.
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Table 1.Comparison of the essential requirements according to their assignment [6].
Reqiurements
Maximum average annual value
of performance
Maximum annual amount of
performance
Maximum time of the contract
Depreciation of
Opportunity
assets
and reason for
Geographical
the extension
location
of the
Amortization of
Contract
capital
Obligation to publish a preannouncement in the EU Bulletin
for an output range of 50,000
kilometres or more

How to enter the contract
Direct award
Public tender
to 7.5 mil. €

Not specified

to 500,000 kilometres

Not specified

10 years
yes, maximum to 50
%

15 years
yes, maximum to 50 %

no

yes, maximum to 50 %

no

yes,necessary
justification

yes, 1 year before
direct awarding

yes, 1 year before
starts public tendering

Secondary law of EU affects the allocation of public service performance,
in particular in terms of the level of quality of service provided, are the
Technical Standard EN 13816 ‘Transport, Logistics and services, Public
passenger transport, Definitions, objectives and measurement of service
quality’ as well EN 15140 ‘Public passenger transport, Essential
requirements and recommendations for systems to measure service quality’.
Regulation No. 1370/2007 EC governs the general conditions applicable
to the Public Service Contract – the procurement, content and reimbursement
of services provided under the Treaties. The precise public procurement
rules for the award of public service contracts are not specified in the
Regulation and remain within the competence of the Member States. [8].
Examples of countries conducting tenders for the allocation of
performance in rail passenger transport are shown in Table 2 [13].
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Table 2. European countries,thatrealized public tenders fo rallocation of
performance in railwaypassenger transport [13].
Public
Administration
Country
Direct contracting
Tender
monopoly
Belgium
x
Bulgaria
x
Czechia
x
Denmark
x
x
Germany
x
x
Estonia
x
Ireland
x
Greece
x
Spain
x
x
France
x
x
Italy
x
x
Latvia
x
Lithuania
x
Luxembourg
x
Hungary
x
Netherlands
x
x
Austria
x
Poland
x
x
x
Portugal
x
x
Romania
x
Slovenia
x
Slovakia
x
Finland
x
x
Sweden
x
Great Britain
x
Outsourcing tenders in the Member States may be at varying levels of
state administration as well as can vary the conditions of operation of public
tenders. Requirements for safety and interoperability must be common to all
Member States with regard to the common EU legislation and technical
specifications for interoperability (TSI).
ECONOMIC ASPECTS OF RAILWAY PASSENGER TRANSPORT
Railway passenger transport has to be evaluated from economical point
of view. Basic evaluation method is operating costs calculation. Costs are
financial representation of company sources consumption for realizing
services per time. Internal costs of the transport company arise from
operation of trains on railways. Thanks to calculation, the exact amount of
these costs is known. In railway passenger transport, the calculation unit is
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the service – transporting of passengers. It can be defined by quantity
(number of trains, vehicles), time (staff working time, time of traveling) or
other way (passenger-kilometers, train-kilometers) [14].
In general, there are these costs: vehicle costs (price for vehicle, repairs
and maintenance, insurance, operational cleaning), railway infrastructure
access, staff costs (wages of vehicle-drivers and stewards), traction energy
consumption and other indirect costs (management, marketing, travel ticket
selling system, information system etc.). Sum of all costs, which are
converted to one typified train on the route, is the base for making the tariff
charges [14].
Railway vehicle costs are calculated this way:
where: rRVtrkm– railway vehicle costs rate for train-kilometre [€/trkm],
DY – depreciation of vehicle per year [€],
ΣRMY – entire costs for repairs and maintenance of vehicle per year
[€],
OCY – entire costs for operational cleaning of vehicle per year [€],
INSY – entire costs for vehicle insurance per year [€],
Ø annual vehicle kilometrage – average kilometrage of railway
vehicle per year [km].
where: CRV – entire railway vehicle costs per route [€],
Σtrkm – sum of train-kilometres per route,
rRVtrkm– railway vehicle costs rate for train-kilometre [€/trkm],
NRVtr – number of railway vehicles in the train on the route
[vehicles].
Staff costs are calculated this way [14]:

where: rSemph – staff costs rate for employee-hour [€/emph],
price for working – all month company’s costs for the employee [€],
equipment – month costs for equipment of employee [€],
Ʃ work time – entire month work time of employee [hours].
where: CS – staff costs per route [€],
tr – train ride time [hours],
CRS – conversion ratio: train ride time employee-hour,
rSemph – staff costs rate for employee-hour [€/emph].
Traction energy consumption costs are calculated this way [14]:

619

where: CTEC – entire traction energy consumption costs per route [€],
Σgtkm – gross-tons-kilometres per route,
mcTE – measurable consumption of traction energy per thousand
gross-tons-kilometres,
rTE– traction energy rate [€].
From operating costs calculation, tariff rates can be appointed. The tariff
reflects valuable relations among the operator and passengers. These rates
have to include internal goals of the operator (increasing profit, decreasing
costs, market share etc.), social sphere (quality and offer of public transport,
reducing regional gaps etc.) and environmental aspects. Current transport
demand and complementary transport offer are also important part of setting
tariff rates.
Application of economic aspects of operating passenger trains from
transport company point of view is described in case study of fictional
Express train from Bratislava to Bardejov in Slovakia. Firstly, according to
previous formulas, there is a summary of operating costs calculation shown
in table 3.
Table 3.Operating costs per one fictional train
COSTS (€)
vehicle
1051.76
infrastructure
649.18
vehicle-driver
190.88
stewards
184.38
traction energy
888.74
indirect
988.31
sum
3953.24
converted to one seat
12.35
converted to one placekm
0.023265

26.61%
16.42%
4.83%
4.66%
22.48%
25.00%
100.00%

Comparison of costs and revenues are shown in table 4. When the result
> 0  operation of passenger trains is economically effective. On the other
hand, when the result ≤ 0  operation of passenger trains is not
economically effective therefore the transport company would find some
way how to reduce costs or increase revenues. Some government subsidies
are also one of possible ways how to make operation of passenger trains
economically effective.
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Table 4.Economic effectiveness of fictional train on the route
Route: BRATISLAVA - BARDEJOV

Sum of costs per one typified train
Costs converted to one seat
Sum of revenues per one typified train
minus VAT
Result (revenues minus costs)

3953.24
12.35
5210.00
4168.00
214.76

€ without VAT
€ without VAT
€ with VAT
€ without VAT
€

The case study indicates that it is economically effective to operate trains
on this route according to proposed conditions, which are not specified
above. It shows the way how to consider operation of trains on new routes.
Transport companies must consider enormous number of factors and
conditions, which are necessary for objective and accurate assessment of
providing railway passenger transport services.
CONCLUSION
The process of railway passenger market liberalization influences
contemporary progression in the whole passenger transport system. There
are several ways how to evaluate this process, because it has got different
consequences to traveling public and transport companies, which also vary
in each country according to its legislation and economic conditions. Market
share growth of private transport companies is a basic result of liberalization
and it is proportionally connected with improvement of transport qualitative
criteria and increasing attractiveness of railway passenger transport. Private
transport companies are focused on costs optimization and making higher
profit therefore railway passenger transport market is significantly affected
by economical aspects. These aspects are mainly internal costs, transport
demand and level of competitiveness. In central Europe, there are some
private railway passenger transport companies with different strategies. The
most famous are WEST Bahn (Austria), Regio Jet (Czech Republic,
Slovakia, Austria), LEO Express (Czech Republic, Slovakia), ARRIVA
vlaky (Czech Republic, Slovakia). These companies provide also bus
services, which is partially complement to their trains.
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Abstract
Night charging and fast charging are currently the two most common
systems for charging electric buses. Despite the fact that numerous trial
installations were started, neither of these two systems has obtained
unqualified approval of the users. The alternative is to charge vehicles in
motion - dynamic charging which combines the advantages of trolleybus
transport and of electric buses: the main supply source are traction batteries;
however, the charging is performed in motion, without the necessity of
stopping the vehicle.
Keywords - Electric bus; trolleybus; traction batteries; dynamic
charging; in motion charging

INTRODUCTION
Despite the continuous development of electrochemical batteries
technology and the multitude of electric buses on offer, it is still not possible
to exploit electric buses in urban transport on all-day basis without the
necessity of charging them. Therefore it is necessary to build point-to-point
contact charging stations or induction charging stations at the terminals. This
results in substantial financial outlays connected with the construction of
charging stations, and in the necessity to extend the stopping time at the
terminals; there are also problems which arise in the situation where the route
is changes [1 - 6]. The alternative solution is the so-called Dynamic Charging,
also called In Motion Charging (IMC). It consists in building an infrastructure
allowing for charging vehicles in motion, most often with the use of overhead
contact line (Fig. 1) [7 - 9]. What is more, in the cities where tram network is
already exploited, there is a possibility to use the elements of the tram

¹ original scientific paper
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infrastructure when constructing the catenary for the Dynamich Charging
system.

Fig.1. The idea of In Motion Charging system (IMC) [© Vossloh Kiepe]

THE BENEFITS OF DYNAMIC CHARGING
The benefits of using dynamic electric bus charging will be illustrated by
an example of line with a length 10 km, which is operated by standard length
electrical buses. Maximal energy consumption at the level 3 kWh/km is
assumed.
There are analyzed 3 alternative systems of line electrification (fig. 2):
- operation by standard electrical bus with one charging station and Terminus
1. The charging power is 400 kW,
- operation by dynamic charged battery bus with one 3 km wired section
(variant 1),
- operation by dynamic charged battery bus with two wired sections: 1 km
and 2 km (variant 2).
The average charging power of dynamic charging system is 140 kW, the
average velocity in wired section is 20 km/h. The minimal charge level is
assumpted at 50%. It table x there are shown the energy balances of analyzed
variants. In case of standard battery bus the maximal discharge level is 60
kWh. With a minimal discharging rate 50%, this requires a 120 kWh traction
battery. In fist variant of dynamic charged bus the battery is discharged with
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energy 42 kW, what allows the required battery capacitance to 84 kWh. In
the second variant battery is maximally discharged with power 15 kWh. As a
result of that, the traction battery with capacitance 30 kWh will be enough to
fulfill transportation route conditions. The fig. 3 presents the graph of battery
charge level of analyzed variants.
Covering part of transportation route allows to reduce the required traction
battery. The capacitance reduction is bigger in case of using more than one
wired sections. This allows to alternate work in mode charging - discharging charging - discharging. Thanks to this, the depth of discharge is significantly
reduced.
Considering that the price of the battery is 1000 to 1500 euro for 1 kWh of
capacity, the use of overhead contact line saves 90 000 euro on one vehicle.
In addition, the IMC system does not require stops for charging the vehicle,
therefore the number of vehicles necessary to operate the line is smaller than
in the classic electric bus.

Fig. 2: The scheme of an example of route operated by standard electrical bus and
two variants of dynamic charged buses
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Fig. 3: Diagram of battery charge level during operation of route by standard
electrical bus and two variants of dynamic charged buses

PRAGUE CASE STUDY
Prague can become an example of a slightly transformation of standard
electric buttery bus into trolleybus. The experiences gained during the
operation of stationary charged electric battery buses DP Praha (a public
transport company in Prague) were reason to undertake tests with a dynamic
vehicle charging system using a trolleybus overhead contact system.
Since 2012, Prague has been conducting a trial operation of electric buses
of various systems and manufacturers. One of the noticed limitations was the
impact of traffic congestion, i.e. reduction of bus charging time on the final
stop in the case of delayed arrival. In addition, articulated vehicles play the
main role in the Prague bus transport system, which significantly limits the
market of available electric buses. However, the biggest concern was the
difficult vertical profile of many routes. Prague is a city with large differences
in elevation and, consequently, many street with high slopes. This creates
high demands on the parameters of the propulsion system, which also results
in an increase in the weight of the battery. One of the ways of solving this
problem is a dynamic system of electric vehicle. The use of various power
supply methods was considered, including vehicles with two pantograph
(similar to trams) collectors and bipolar traction network. However, the most
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developed, simple and proven solution turned out to be a trolleybus traction
network.
On 22 February 2016, the management of DP Praha approved the project
"E-Bus s dynamickým nabíjením", meaning "E-bus with dynamic charging".
It consisted in the construction of a test section of a "trolley-type line" for
charging electric buses during traffic. A bus line 140 has been chosen for test
installation. This route is characterized by a large difference in the height of
the area between the Palmovka start stop and the Prosek settlement, with a
road gradient of up to 10%.
In the first stage, a trial line of 140 electric buses of the IMC system is
implemented on the shortened route of Palmovka - Letňany, with a length of
5 km. The trolleybus overhead cathenary is build on a steep section of
Prosecka Street, a kilometer section between Kundratka - Kelerka stops,
which is 20% of the entire length of test route. After more than a year of
technical project design works, all necessary permits were obtained in July
2017 and the construction of the test section began on August 10, 2017. The
construction was finalized one and a half month later. The process of official
technical approval took place from 11 - 13 October 2017.
The constructed route consists of a two-way section of a trolleybus
overhead contact line. In the "top" direction, that is from the Kundratka stop
to the Kelerka stop, it has a length of 993 meters. In the opposite direction it
is slightly shorter and measures 613 meters. At both beginnings of the route,
there are installed "roofs" for semi-automatic connection of trolleybus
collectors. A prefabricated, container tram substation equipped with one
rectifier unit is used to supply of the route. It was previously used as a
temporary power source during the reconstruction of tram traction substations
in Prague. The built-up section, approximately 1 km long, is too short to fully
charge the traction batteries. For this reason, a short section of the trolleybus
traction contact wires was built on the Palmovka final stop with "roofs" for
semi-automatic connection, for charging the vehicle during stopping. It is
supplied by 750 V from the tramway traction network using supply station
named "Dobudka." It is a container converter station, providing galvanic
separation and increasing the voltage value from the tram network. It was
produced by the Czech company Cegelec.
The SOR TNB 12 Acumario trolleybus is currently being tested (Fig. 12,
13). In the first half of 2018, the next vehicle, the Electron 12T trolley bus
manufactured by Ekova (Ostrava), equipped with LTO batteries with a
capacity of 47 kWh, is planned for testing. Škoda Electric also declares his
vehicle for testing. It is also planned to test the articulated trolleybus, but
currently a vehicle with appropriate parameters (mainly for auxiliary drive) is
not available in the Czech Republic.

629

Fig. 4. Trolleybus SOR TNB 12 goes uphill on Prosecka street in Prague powered
from the traction network

Fig. 5. Trolleybus SOR TNB 12 on Letňany terminous in autonomous drive mode

630

Fig. 6. The scheme of test route in Praha [© DP Praha, Jan Barchánek]

MARRAKECH CASE STUDY
The BRT system in Marrakech (Morocco) is an example of a urban
transport system that uses dynamic charging and the traction network has
been simplified to the necessary minimum. Initially, the construction of a
tram line was considered as in other Moroccan cities (Casablanca, Rabat),
however, due to the high costs, the electrified Bus Rapid Transit system was
chosen. The BRT line was opener in September 2017 and connects the centre
of city with the western suburbs thought Hassan II Avenue. The total length
of line is 8 km, the length of cathenary covered section is 2,5 km. Line is
supplied with 750 V voltage from one traction substation, located at the west
end of the route. The line along the whole route is run through separate buspaths.
Line is operated by 10 standard, two doors Chinese YANGTSE
trolleybuses. Each vehicle is equipment with 5 battery pack. Each battery
pack has capacitance 200 Ah nominal voltage 115,2 V. Total energy
capacitance of the batteries is 115,2 kWh. The trolleybus overhead line will
be supplied from a 1 MWh photovoltaic plant and a 3 ha area. The energy
generated from photovoltaic panels will be transferred to the 750 V DC
power system. Unused surpluses will be sold to the power system operator.
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Fig.7. The eastern end of the cathenary section of Marrakech's BRT system

Fig. 8. Vehicle in off-wire section of Marrakech's BRT system
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Fig. 9. The scheme of Marrakech's BRT system

CONCLUSIONS
Despite the fact that the number of cities exploiting electric buses in urban
transport is increasing, the existing systems are test systems, and there is still
no agreement among the users with regard to optimal and universal solution
for electric buses. The issue of charging is one of the biggest problems. On
the other hand, trolleybus transport in numerous cities is considered to be
outdated. The Dynamic Charging system makes it possible to combine the
advantages of trolleybuses and electric buses. The BRT system with Dynamic
Charging can be potentially a much cheaper alternative to tram transport with
identical transportation capacity.
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Abstract
Considering the fact that traffic safety depends largely on three main
factors: person, vehicle and road, institutions and individuals who use the
vehicles in traffic are obliged to take necessary measures that their vehicles
are in order and that they have the required installations and equipment.
Their technical functionality contributes to the safe flow of road traffic and
the safety of people and goods. Technical inspection is one of the most
important measures of social intervention in the field of traffic safety.
Within the technical inspection, the condition of the various components and
installations of the vehicle is controlled, but the highest significance from the
aspect of the traffic safety is the control of the braking and steering system
on the vehicle. The aim of this paper is to determine the true technical
correctness of vehicles on roads in the Republic of Srpska and BiH
according to the age of the vehicle.
Key words - technical functionality of motor vehicles; traffic safety and
technical inspection of vehicles

¹ original scientific paper
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INTRODUCTION
The technical functionality of motor vehicles involved in traffic is also
directly related to the economic situation in the society, i.e. drivers, or
vehicle owners, are usually not able to adequately maintain their vehicles
because the incomes in the Republika Srpska and BiH are insufficient[3].
Any investment in vehicle maintenance is a direct attack on the family's
budget, and for this reason the owner of a vehicle is forced to set aside the
minimum amount of money in maintenance. Most commonly, vehicle
owners buy low-quality parts for vehicles, used parts and even used tires.
Over time, it has been noticed that drivers borrow complete wheels to go on
a regular annual technical inspection, and then return their worn tires that do
not guarantee safe driving. Therefore, it is necessary to activate all relevant
subjects of the society to fully contribute to increasing the level of technical
functionality of motor vehicles, and thus increase the level of traffic safety.
Most countries in the world which introduced a better quality control in
technical inspection stations, the improved quality of maintenance and repair
of motor vehicles, as well as enhanced production and sale of new vehicles,
and a lower average age of motor vehicles on roads, have managed to reduce
the number of defective vehicles thus descreasing the risk and increasing the
traffic safety[4].
It is known that in the Republika Srpska, the inspection of the technical
validity of vehicles is performed during the regular technical inspection,
control of technical functionality by the traffic police and preventive
technical inspections by the Ministry of Internal Affairs of Republika
Srpska, the Automobile and Motorcycle Association of Republika Srpska, as
well as the Association of Technical Inspections of Republika Srpska. There
is no analysis and undertaking of certain measures based on the obtained
control results, which results in further increase of the defect and the average
age of motor vehicles.
Based on the results of countries France, Portugal and Spain that have
achieved significant results in the area of traffic safety with their own
potentials, it is necessary to define the strategy, goals and determine certain
subjects in the society of the Republika Srpska, as relevant participants that
can implement programmes and projects related to greater technical
funcionality of motor vehicles, and consequently increased traffic safety[7].
In the Republika Srpska and Bosnia and Herzegovina there are a large
number of technical inspection stations that are inadequately equipped with
technical equipment and with inadequate personnel compared to countries in
the region. With the consent of irresponsible drivers, a number of technical
inspection stations verify technically defective motor vehicles that later
participate in traffic and thus increase the risk of accidents.
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The technical inspection stations, together with the insurance companies,
tend to insure and issue a certificate on technical funcionality to even a
defective motor vehicle with the aim of making a profit without taking into
consideration the consequences such a vehicle may cause in the traffic[3].
ANALYSIS OF THE RESULTS OF PREVENTIVE INSPECTION OF
TECHNICAL FUNCTIONALITY OF MOTOR VEHICLES
In the Republika Srpska, various preventive campaigns were carried out by
the Ministry of Internal Affairs of Republika Srpska, the Automobile and
Motorcycle Association of Republika Srpska and the Association of
Technical Inspections of Republika Srpska. The mentioned actions were
carried out together, that is, the Ministry of Internal Affairs of Republika
Srpska and the Association of Technical Inspections of Motor Vehicles, then
the Ministry of Internal Affairs of Republika Srpska and the Automobile and
Motorcycle Association of Republika Srpska, the Association of Technical
Inspections of Motor Vehicles and the Automobile and Motorcycle
Association of Republika Srpska, etc. The most common preventive
campaigns that have been carried out together are: the technical functionality
of the braking mechanism, the technical functionality of the steering
mechanism, the technical functionality of the light-signalling devices, the
use of seat belts, protect the children in traffic, do you drive a technically
functional vehicle - check[2].
"Do you drive a technically functional vehicle - check" campaign is a
preventive activity, where the passenger motor vehicles from the territory of
the Republika Srpska were used as a sample. 20 Automobile and Motorcycle
Associations and 31 stations for technical inspection of motor vehicles took
part in the campaign in which the traffic police selected and controlled the
vehicle using the random sample method. The aforementioned vehicles were
controlled by the traffic police of Republika Srpska, and sent to the nearest
technical inspection. At the technical inspection, the authorized controllers,
with the help of instruments and equipment, carried out the inspection of the
vehicles and delivered the results to the authorized teams that conducted the
action on the field. The Ministry of Internal Affairs organises this activity in
cooperation with the Association of Technical Inspections and the
Automobile and Motorcycle Association of Republika Srpska twice a year.
Firstly, in the period prior to the winter season (November), as the
conditions for safe driving and safe operation of the motor vehicle are much
more difficult, and the second time - at the beginning of summer holidays
(June) due to increased mobility, which is the right time for drivers to
prepare their vehicles as best as possible and to inform themselves as
accurately as possible about their vehicle’s functionality and possible
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technical shortcomings. During the inspection of the vehicles, special
attention was paid to elements that have a major impact on the safety of
traffic such as the control device (steering mechanism), braking device
(brake mechanism), light-signalling devices and tires[2].
Period from 2003 to 2016 was used for the technical functionality analysis
of devices for stopping, control and light-signalling. The following results
were presented by the areas of research[6]:
1. Analysis of the number of defective vehicles in relation to the total
number of motor vehicles inspected;
2. Analysis of the results of the average age of motor vehicles in the
period from 2003 to 2016;
3. Analysis of the results of the technical failure of the stopping
mechanism;
4. Analysis of the results of the technical failure of the steering
mechanism;
5. Analysis of the results of the technical failure of the light-signalling
devices;
Number of defective vehicles in relation to the total number of motor
vehicles inspected
Table 1 and Diagram 1 show the total number of vehicles examined by
years, the number of defective vehicles also by years and the coefficients k number of defective vehicles in relation to the total number of vehicles
inspected and k1 - the number of defective vehicles in relation to the number
of technically functional vehicles for the period from 2003 to 2016[9].
Table 1. Comparison of the number of defective motor vehicles to the total number
of vehicles inspected and to the number of functional vehicles
Indicators
Total number of insp.
motor vehicles
Number of defective
motor vehicles
k=
Number of techn
funct motor vehicles
k1 =

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Ʃ
1254 485 497 820 740 876 617 531 465 434 365 328 265 479 8156
575 242 253 453 427 413 294 244 270 198 152 111

94

154 3880

0.46 0.5 0.51 0.55 0.58 0.47 0.48 0.46 0.58 0.45 0.42 0.34 0.35 0.32
679 243 244 367 313 463 323 287 195 236 213 217 171 325 4276
0.84 0.99 1.03 1.23 1.36 0.89 0.91 0.85 1.38 0.84 0.71 0.51 0.55 0.47

From Table 1 and Diagram 1 it can be seen that the coefficient k - the
number of defective vehicles in the period from 2003 to 2007 increased and
if we compare the year 2007 with 2003, we get an increase of 26.08% of
technically defective vehicles that participate in traffic as public transport.
During 2008, 2009 and 2010 there was a stabilisation period and a certain
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decrease in the coefficient k for 0.12 defective vehicles or 20.69% in 2010
compared to 2007, then in the period from 2011 to 2016, there is also a
decrease in 0.26 defective vehicles or 44.83% compared to 2011, which may
indicate a more serious approach in the field of technical inspections.

Diagram 1. The ratio of the number of defective motor vehicles and the total number
of vehicles inspected

Based on the analysis of the results presented in Diagram 2, it is evident that
in the period from 2003 to 2016, there was an oscillating trend in the total
number of defective motor vehicles in relation to the total number of
technically functional vehicles that were controlled by the random sample
method at the preventive technical inspection. It can be concluded that the
state of technical defectiveness of passenger motor vehicles in the Republika
Srpska increased from year to year until 2007 and 2011, when it reached its
peak. If we compare 2007 with 2003, the coefficient of defective vehicles k in
relation to the number of technically functional vehicles is higher by 0.52
index points or 61.90% of defective vehicles. During 2008, 2009 and 2010,
there was some improvement, but still did not reach the level of 2003. Also,
if we compare 2016 with 2011, the coefficient of defective vehicles k in
relation to the number of technically functional vehicles is lower by 0.91
index points or 65.94% of defective vehicles.

Diagram 2. The ratio of the number of defective and technically functional vehicles
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Average age of motor vehicles in the period from 2003 to 2016
Table 2 and Diagram 3 show the average age of the inspected passenger
motor vehicles according to the results of the preventive technical
inspections[1] [12].
Table 2. Average age of inspected motor vehicles
Indicators
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
average age of
15.00 15.80 16.50 17.20 18.50 18.00 18.5 19.16 18.34 18.27 16.31 15.74 16.65 16.28
defective vehicles
average age of techn.
14.00 14.10 14.84 14.53 14.52 17.35 17.45 15.25 14.74 15.70 12.96 12.66 13.52 13.52
functional vehicles
average age of all
14.50 14.95 15.65 15.85 16.25 17.50 17.90 17.59 18.57 20.86 19.66 18.81 19.78 19.38
vehicles inspected

From Table 2 it can be seen that the average age of motor vehicles varies
from one year to the next, and that there are a small number of new vehicles
in the territory of the Republika Srpska or B&H. In 2016, the average age of
passenger cars was 19.38 years. This is a clear indication that old and used
motor vehicles from the Western Europe, whose useful life has already
expired, are still being imported into the country, thus posing a danger to the
safety of all participants in the traffic. In 2016, the average age of defective
vehicles decreased from 19.16 years in 2010 to 16.28, which is 2.88 years or
17.69% less than in relation to the observed 2010.

Diagram 3. Average age of inspected motor vehicles

From Diagram 3 it can be seen that the highest average age of technically
functional vehicles was in 2009 - 17.45 years, then in 2008 – 17.35 years, in
2012 – 15.70 years, in 2016 - 13.52 years, and the lowest in 2014 – 12.66
years.
Analysis of the results of technical failure of the stopping
machanism
Table 3 and Diagrams 4 and 5 show the trend of increasing number of
defective stop mechanisms in the last eight years. Out of the total number of
8156 inspected vehicles, 3880 vehicles or 52.42% are defective for traffic,
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while 4276 vehicles or 47.57% are functional for traffic. If we compare the
number of defective vehicles and defective stopping mechanisms - the
service brake in 2016 with the year 2003, it can be observed that it
increased by 0.17 index points or 50.00%; then if we compare the number of
defective stopping mechanisms - the service brake with the total number of
vehicles inspected, in 2016 with the year 2003, there was also an increase of
0.03 index points or 37.50% of defective vehicles[8].
If we compare the number of defective vehicles with defective stopping
devices - hand brake and the number of defective vehicles in 2016 with the
year 2003, it can be observed that it increased by 0.33 index points or
50.00%; then if we compare the number of defective stopping mechanisms hand brake and the total number of vehicles inspected, in 2016 with 2003,
there was also an increase of 0.06 index points or 28.57% of defective
vehicles.
Table 3. Technical failure of stopping mechanisms
Indicators
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Total
number of defective
stopping mechanisms – 101 51 65 132 117 184 137 106 120 75 54 38 38 53 1271
service brake
number of defective
stopping mechanisms – 190 102 114 217 209 296 235 161 187 126 103 70 63 102 2175
hand brake
number of defective
575 242 253 453 427 413 294 244 270 198 152 111 94 154 3880
motor vehicles
number of techn
679 243 244 367 313 463 323 287 195 236 213 217 171 325 4276
functional motor vehicles
total number of motor
1254 485 497 820 740 876 617 531 465 434 365 328 265 479 8156
vehicles inspected
n1Service =
0.17 0.21 0.25 0.29 0.27 0.45 0.46 0.43 0.44 0.38 0.35 0.34 0.40 0.34
n1Handbrake =
0.33 0.42 0.45 0.48 0.49 0.72 0.80 0.66 0.69 0.64 0.68 0.63 0.67 0.66
l1Service =
0.08 0.10 0.13 0.16 0.16 0.21 0.22 0.20 0.26 0.17 0.15 0.11 0.14 0.11
l1 Handbrake =
0.15 0.21 0.23 0.26 0.28 0.34 0.38 0.30 0.40 0.29 0.28 0.21 0.24 0.21
k=
0.46 0.5 0.51 0.55 0.58 0.47 0.48 0.46 0.58 0.45 0.42 0.34 0.35 0.32

From Diagrams 4 and 5 it can be observed that there has been an increase of
the defective stopping mechanisms both in relation to the total number of
defective vehicles and in relation to the total number of vehicles inspected.
Due to the above data, special attention in the technical inspection stations
should be paid to the inspection of this system, given the fact that any
deficiency or malfunction of this mechanism can cause tragic consequences
at any given moment[10] [11].
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Diagram 4. The ratio of the number of defective stopping mechanisms - service
brake to the number of defective vehicles and the total number of vehicles inspected

Diagram 5. The ratio of the number of defective stopping mechanisms - hand brake
to the number of defective vehicles and the total number of vehicles inspected

Analysis of the results of technical failure of the steering
mechanism
Table 4 and Figure 6 show an oscillating trend in the number of defective
steering mechanisms in the observed period[5]. Considering all the
indicators presented in Table 4, it is clear that there is a fluctuating increase
in the number of defective steering mechanisms in relation to the number of
defective vehicles. There is also a steady increase in the number of defective
steering mechanisms compared to the total number of vehicles inspected by
the 2015, followed by a slight decline in 2016.
Diagram 6 shows the increase in the number of technical failures of steering
mechanisms since 2003, both in relation to the total number of defective
vehicles and in relation to the total number of vehicles inspected by 2007 by
0.12 index points or 26.08% of defective vehicles, and after 2007 there is a
slight decrease or stagnation until 2011, whereas in 2011 there is an increase
of 0.12 index points or 26.08% of defective vehicles compared to 2010. In
the period from 2012 to 2016, the number of defective vehicles decreased by
0.26 index points or 28.88%.
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Table 4. Technical functionality of steering mechanisms
Indicators
2003
number of defective steering
81
mechan. on motor vehicles
number of defective motor
575
vehicles
number of technically
679
functional motor vehicles
total number of motor
1254
vehicles inspected
n2 =
0.14
l2 =
0.07
k=
0.46

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Total
37

46

86

86

63

56

33

30

37

29

27

20

18

242 253 453 427 413 294 244 270 198 152 111

94

154 3880
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243 244 367 313 463 323 287 195 236 213 217 171 325 4276
485 497 820 740 876 617 531 465 434 365 328 265 479 8156
0.15 0.18 0.19 0.2 0.15 0.16 0.13 0.11 0.18 0.19 0.24 0.21 0.12
0.08 0.09 0.10 0.11 0.07 0.07 0.06 0.06 0.08 0.08 0.08 0.07 0.03
0.50 0.51 0.55 0.58 0.47 0.48 0.46 0.58 0.45 0.42 0.34 0.35 0.32

Diagram 6. The ratio of the number of defective motor vehicles to the total number
of vehicles inspected as well as the number of defective vehicles

CONCLUSION
The "Preventive Technical Inspection" campaigns should be run by
Automobile and Motorcycle Associations or the Association of Technical
Inspections or Associations of Owners of Technical Inspection Stations,
through theoretical lectures on television shows, professional journals,
practical fieldwork activities, as well as at the main office of the Automobile
and Motorcycle Association of Republika Srpska. All technical assistance
would be provided by the Professional Institution for Technical Inspections
of Republika Srpska. The participation of the Ministry of Internal Affairs of
Republika Srpska in these activities must be carefully implemented because
their members are obliged to act repressively in all perceived violations, to
which they are bound to by the legislation, which is why their activities
should be promoted more in TV shows. Members of the Ministry of Internal
Affairs of Republika Srpska should be to a gratest possible extent involved
in planned organising and inspecting of technical functionality of vehicles,
as well as in the continuous activities aimed at supressing the fictive
certification of technical safety. The aforementioned activities should be
conducted in coordination with controllers and technical staff. Many vehicle
inspection companies do not report a single vehicle within a calendar year if

643

a regular annual technical inspection was not carried out within a period of
10 days, as determined by the Law.
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Abstract
Today's transport units in fleet composition are characterized by
relatively large opportunity for transport effect. These are complex
repairable technical systems which technical conditions are changing
according to the realized volume of transportation and the number of miles
spent.
In the field of transport – logistics services, there are different
information that should be identified and recorded. The rapid pace of
development of activities requires such information to be entered in the
software sollutions so the access to them can be faster and more efficient. To
ensure time picture of the situation of units at exploitation and maintenance,
in this paper is shown a transport – logistics information support for
recording data from processes of exploitation and maintenance of fleet unites
in the area of preventive maintenance. The system has been tested and
verified with real transportation data.
Keywords - information systems; fleet management; preventive
maintenance
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INTRODUCTION
Today's transport units in fleet composition are characterized by
relatively large opportunity for transport effect. These are complex
repairable technical systems which technical conditions are changing
according to the realized volume of transportation and the number of miles
spent. This process is continuous, and has a random character. Exposed to a
variety of environmental impacts which are exploited, their projected
operating capability and value in use decreases. The return of the lost
properties of the vehicles and the extension of their living and exploitation
century serves by the function - maintenance.
Due to the nature of exploitation, the activities of maintenance of the
units are grouped in terms of the type of activities which are undertaken as
well as the degree of complexity of the procedure. Usually present
preventive maintenance and maintenance after the appearance of
cancellation as corrective form of maintenance. Due to the complexity of the
system exploitation – maintenance of fleet units, information related to
maintenance activities occur in different places of exploitation under
different conditions and those are with different composition of information
mass. This information mass has a complex structure and content that
derives from the fact that information about the condition of our fleet units
describe the past, whom we can provide own courts but we can not change.
Monitoring of these conditions requires a complex information support.
AN INFORMATION SUPPORT FOR MONITORING THE SITUATION
OF FLEET UNITS IN TERMS OF PREVENTIVE MAINTENANCE
To ensure time picture of the situation of units at exploitation and
maintenance, based on the theoretical study of processes exploitation maintenance, as well as by studying existing software solutions in this field,
in this paper is given short illustration of program for informational support
of maintenance of motor vehicles in reality (real organization).
The information system is designed with programming language JAVA,
Eclipse - a tool for working with JAVA, PostgreSQL for databases and
JasperReport for displaying reports.
The fundamental databases required for the functioning of this automated
information system are:
 Database for all types of motor vehicles
 Database for executive personal
 Database for vendors
 Database for performed trips
Organization structure of data in the information system requires
establishment of specific files developed separately as functional parts of
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every database which shall contain grouped data concerning a narrower
application range.

FUNCTIONING OF THE INFORMATION SYSTEM

Fig.1. The layout of the main window

The system can be installed on the computer and the access is by its
icon/logo. Once the program is opened a dialog window appear (as shown
bellow in the Fig.1.). The usage of this information system is very simple.
Entering and saving the data in the system is efficient in all data bases.
There are four main bases like: Vehicles, Employees, Companies and Trips.

VEHICLE DATABASE
This database works like a drop-down menu
with this files: new vehicle, general info,
insurance, maintenance, parts, tires, fuel, oil,
drivers, payments and indicators (Fig. 2).
By clicking on each file from the main menu
appears separate dialog window where the user
can enter and save data. Fig 3 shows the dialog
window from the file “maintenance”.
Fig. 2. Files from the vehicle database
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Fig. 3. The layout of the „maintenance“ window

The “Maintenance” file contains the data for preventive maintenance –
technical controls and checks for each vehicle by ordinal number, the date
of execution of the intervention, the vehicle mileage at the time of execution
of the preventive activity (changing air filters, fuel filters, braking discs,
brake pads, etc.), company where executive intake, type of intervention,
further explanation of the manner of the execution and the cost of the
intervention (in an appropriate currency which is chosen from the drop down
menu next to the field price).
REAL IMPLEMENTATION OF THE INFORMATION SYSTEM
Real implementation of the system implies its verification and validation
with real transport data. For this purpose, are used data from a transportation
company based in Resen, Republic of Macedonia, and the field of action is
in Europe specifically Scandinavian countries. To accomplish this, were
identified and practically outlined the circumstances that require the creation
of this type of transport - logistical support information in the form of a
system that offers the opportunity for remote coordination of services for the
exploitation and maintenance of fleet units in real time.

650

Entered data and information from the system can be used anytime when
the user desires. It's easily thanks to the reports. Reports are availlable by
setting DATE from/to and choising the vehicle number whom we need to
see information. Than the user just need to click button – Print report – and
the report with all recorded data will appear on the screen. This report can be
saved or printed. AN exemple of report for recorded data in „Maintenance“
window is shown on Fig 4.

Fig. 4. The report for recorded data in „Maintenance“ file

CONCLUSION
By using this information support, we can effectively and continuously
follow the situation of fleet units – vehicles in terms of preventive
maintenance. The system enable:

Identification and notification of data resulting from the processes of
exploitation and maintenance of the fleet units;

Provide a time picture about fleet units;

Provide a permanenlty high level of readiness of the fleet units by
continuous control of the technical condition;

Using the recorded data for preparing plans for preventive
maintenance of the fleet units;

Using the information support as logistical support for making
quality managment decisions for control and supervision;
The system also offers a possibility of remote monitoring and control
over the situation of fleet units that are in a situation of exploitation and
maintenance.
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In an effort to respond to transport demands, transport relays are exposed
to daily observation of entire transport process, in order to satisfy clients
expectations, in the most efficient and effective way. This paper is
conceptualized on the basic size of the vehicle fleet, the structure of the
vehicle fleet, meaning that this paper presents measured indicators of the
operation of the vehicle fleet on the specific transport task in the observed
period, as well as the costs that are dependent on the total kilometers
traveled by the fleet, ie the variable costs. These indicators are measured for
the existing situation. On the basis of these indicators, the operation of the
fleet was optimized. This optimization of the vehicle fleet in the observed
case is based on effort to increase the coefficient of utilization of the
travelled distance, ie to suppress as much as possible the empty round trips
in the existing system. Based on these calculations, differences in time and
costs are displayed, and improvements are suggested.
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INTRODUCTION
The ever-increasing development of science and technology brings about
major changes in human life in terms of more efficient and easier resolution
of its existential problems. Thus, the development of transport has enabled
faster, more comfortable and quality transmission, means transport of goods.
Transport of goods is today among the most important processes, without
which the life and survival of people would be unthinkable. In order to
facilitate the transport of goods by road, appropriate road infrastructure is
needed.
The vehicle fleet of the observed autotransport organization, "Road
Company", is exposed to the demands of the transport of excavated bulk
earth material by the company, which carries out the construction of the
highway on Corridor X. In order to respond to existing requirements, the
vehicle fleet of this company must be constantly monitored and monitored
for more effective and efficient work, that is, it must be taken into account
both the operation of the vehicle fleet and the performance of the vehicle
fleet, the expenses for the operation of the vehicle fleet, with the aim of
making the biggest profit.
Effectiveness depends primarily on the way the company is organized,
the characteristics of the company's environment and the characteristics of
employees. The efficiency of the company is reflected in the relation
between the realized income and the costs of the fleet.
The work is based on the analysis of the work of the fleet, its structure,
and also the work of the fleet is presented as well as the costs of the vehicle
fleet. Namely, on concrete work requirements for the transport of excavated
earth material in certain relations, all necessary parameters were calculated
in order to determine the work and productivity of the car transport vehicle
fleet. The essence of this paper is reflected in the optimization of the fleet's
work on specific transport tasks, and the savings that are achieved when
applying the optimized fleet optimization regime.
STRUCTURE OF THE DRIVING PARK
The fleet of the observed company is a heterogeneous composition. It
consists of freight vehicles that have a built-in self-loading device, or a
tipper that can be seen from Table 1.
For the analyzed time period of 11 inventory days, the observation
vehicles of the fleet were engaged in three locations. These locations are
determined by the main contractor of the works on the corridor X, that is, the
branch from Nis to Dimitrovgrad, in this case, the company Terna, where the
observed fleet was engaged in carrying out the transport of bulk material on
the construction of the state road of first order.
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Table 1. Type and useful vehicle load
Vehicle
Pickup box
Mercedes-Benz Actros 18.32AK /
4x4
8 m3 - three-side sculpture
MAN TGS 26.440 / 6x4
11,5 m3 - three-side sculpture
IVECO EuroTRAKKER / 6x4
12 m3 - three-side sculpture
Mercedes-Benz 32.40K / 8x4
13 m3 - three-side sculpture
Mercedes-Benz Actros 33.36K /
6x4
14 m3 - three-side sculpture
MAN TGA 26.480 / 6x4
14,4 m3 - unilateral sculpting
MAN TGA 35.390 / 8x4
14,9 m3 - three-side sculpture
Scania P 380 / 6x4
16 m3 - unilateral sculpting
MAN TGA 33.430 / 6x6
17 m3 - unilateral sculpting
Scania G 400 / 8x6

17,5 m3 - unilateral sculpting

MAN TGA 35.430 / 8x4
Mercedes-Benz Actros 41.41K /
8x4

17,7 m3 - unilateral sculpting

MAN TGA 35 350 / 8x4

19 m3 - unilateral sculpting

Scania R 480 / 8x4

20 m3 - unilateral sculpting

MAN TGA 41.410 / 8X4

22 m3 - unilateral sculpting

1
1
1
2

18 m3 - trostrano kipovanje

1
3
1
4
1
5

ANALYSIS OF THE ROLLING STOCK OPERATOR
Optimization of the operation of the vehicle fleet can be achieved only by
observing and determining the parameters and coefficients of the existing
state of the fleet, in case that the observed work of the vehicle fleet did not
work in the observed driving period, but the transport tasks were executed on
the basis on decision making according to the "sense". This type of decision
on the work of the vehicle fleet is neither optimal nor reliable, and it can not
be proved that it will respond to transport tasks within the observed time
interval, which can lead to "breaking" deadlines carrying out the observed
works. During the analysis of the existing state of the fleet, it was noticed
that the vehicles were reassigned to three locations, or hired at the same time
in three relations on which they perform all transport tasks. The transport
tasks are carried out in all three locations in free mode, where Kn is the zerocrossed road, Kt is the transport route under the load (productive driving),
and Kp is a freeway (unproductive), (Figure 1). Transport units are engaged
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in relations between 3 and 4 [km], in the range of 6 to 7 [km], and in the
range from 8 to 9 [km]. Transport units or vehicles are arranged in such a
way that the vehicles of the least useful load capacity are engaged on shorter
routes, and vehicles with higher payloads are engaged on longer routes. It is
important to note that this redistribution of transport units to transport tasks
was done accidentally, and that the impact of the terrain or inclination was
not taken into account when reallocating the vehicle.

Fig. 1. Analyzed vehicle operating mode

One of the three transport tasks to which the fleet was surveyed, was the
transport of bulk material in the range from 3 to 4 [km], the bulk material
amounting to 10 400 [m3]. In this relation, by theobserved fleet, vehicles
with the least useful capacity for the transport of bulk material were
engaged, that is, five freight vehicles with the capacity, in a useful load of 8
to 13 [m3]. The second transport task that the observed fleet has received
from the main contractor is transport of bulk earth material in the range of 6
to 7 [km]. At this location vehicles were engaged to transport about 12 830
[m3] of bulk earth material. Five vehicles were engaged. Vehicles on this
route are vehicles with a capacity of 14,9 to 17,7 [m3]. The third transport
task which was obtained by the main contractor, relates primarily to the
transport of excavated earth material in the amount of about 5 790 [m3], on a
distance, or at a distance of 8 to 9 [km]. In this transport task, two vehicles
were used, capacity is useful of 19 [m3] and 20 [m3].
OPTIMIZATION OF THE ROLLING STOCK
By analyzing the operation of the vehicle fleet it can be established that
the transport task was realized by a simple type of transport road, that is, in
all three cases, the transport task was realized with a return journey without
cargo, In this case, a large number of unproductive kilometers travel is being
implemented, resulting in significantly higher costs.
By optimizing the operation of the vehicle fleet, the effect of creating a
new transport regime for the operation of vehicles with fewer kilometers of
freight without load, so lower costs are achieved. This can be achieved in
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two ways: by introducing return journeys with cargo, or creating conditions
for the ring mode of the transport route. In accordance with the terms of the
transport task, as well as the terrain conditions, to avoid empty driving to the
extent possible, as well as to optimize the operation of the vehicle fleet, a
ring mode of the transport route is applied.
As for the ring road, the vehicle turning starts at loading A1 where the
bulk material must be transported in the range of 3 to 4 [km], after which the
unloading of transported goods on A2 is carried out. After that the vehicle
passes an empty transport route at a distance of 2 [km]. After that, loading
bulk ground material at the location B1 transported in the range of 6 to 7
[km] is carried out, the transported material is unloaded at location B2. After
that, the vehicle passes an empty transport route of 3 [km]. After that,
loading of ground bulk material at the location C1 is carried out, this bulk
material is transported at a distance of 8 to 9 [km], after which the unloading
of this material is carried out at the location C2. Until the beginning of a new
craft, the vehicle passes an empty one-kilometre transport route, where Kn is
the zero-crossed road, Kt is the transport route under the load (productive
driving), and Kp is a freeway (unproductive), (Figure 2).

Fig. 2. The ring mode of the vehicle

In this transpot task, the entire correct fleet is engaged, that is, all twelve
transport units or vehicles. It is important to note that this mode of transport
can be realized only when there are transport requirements on all three
locations. At the site C there are 5 787 [m3] of bulk earth material, which
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means that at the location C, a transport task will be carried out first. At this
point when the transport task at the location C is realized, this transport route
is no longer valid. By realizing the transport task at the location C, the
original ring mode of the fleet is completed. However, in this operating
regime and at sites A and B, the same amount of bulk material as at the site
C, or 5 787 [m3] of bulk earth material and 17 361 [m3] of bulk earth
material was transported over a period of 6,27 days.
On the basis of the enclosed one, it can be concluded that at the locations
A and B there remained an unconstrained transport task, that is, the
remaining quantity of bulk earth material was not transported, at site A about
4 644 [m3] of bulk earth material, and at location B about 7 043,4 [m3] of
bulk earth material. This means that in this ring mode the fleet, where Kn is
the zero-crossed road, Kt is the transport route under the load (productive
driving), and Kp is a freeway (unproductive), (Figure 3) can transport 4644
[m3] bulk earth material by location, or a total of 9 288 [m3] of bulk earth
material. In this transport task, the entire correct fleet of vehicles, or all
twelve vehicles, is engaged in a time period of 3,189 days.

Fig. 3. Ring mode of operation of the vehicle with the remaining amount of bulk
material

Realization of the transport of earthly bulk material by the ring regime of
the fleet at locations A and B remains an unfulfilled transport task at location
B, where there was also the largest quantity of bulk material, that is, the

658

quantity of the transport task was the most difficult and the total quantity of
bulk earth material, or about 12 830 [m3] of scattered earth material, there
remained about 2 400 [m3] of bulk earth material. This transport task was
realized by a simple ride, where Kn is the zero-crossed road, Kt is the
transport route under the load, and Kp is a freeway, (Figure 4), which means
that in one direction the vehicles moved under the load, so they were
productive, and in the other direction of movement, the vehicles were
moving freely and were unproductive. This transport task was carried out for
one day. However, in the implementation of this transport task, the total
available fleet did not take part, but only ten vehicles. It is important to note
that the vehicles were technically correct.

Fig. 4. Realization of the transport of residual bulk earth material by free ride on
site B

FUEL CONSUMPTION IN A POSITIVE PERIOD
Vehicle fuel consumption is based on mileage (100 km). Fuel
consumption is adapted to the ground (ride under load on a tufted brass, on
the rise, time required for self-loading of bulk cargo), but not with different
characteristics and characteristics of the driver. It is also important to note
that this fuel consumption is over 100 [km], obtained on the basis of actual
measurements of the observed vehicle fleet over a time period longer than
the time period of observing the operation of the vehicle fleet on specific
transport tasks. However, it should also be noted that the consumption of
vehicles was obtained on the same field of work, as well as in the observed
period of operation of the vehicle fleet. For this reason, fuel consumption at
100 [km], in this case, can be considered as relevant. The average
consumption of the entire fleet that was engaged in carrying out transport
tasks is 42 [L] / 100 [km]. It is also important to note that the 1 L of the drive
product of the observed company costs 1 euro. [1]
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ACHIEVED REVENUE FOR EXPORTED TRANSPORT WORK ON
BASIS OF THE PRICE
Transportation costs of each autotransport company are the most
important general indicator of the operation of the vehicle fleet. The
financial results are influenced by a large number of factors of exploitation,
organizational and technical-technological nature. The most important
parameter for generating revenue for each autotransport company is the cost
price defined by the tariff pricelist. The price of the cost is defined only by
the enterprise, in order to achieve profit with its work. In the case under
consideration, the car transport company entered into a contract, on the basis
of which it agreed with the price list of the main contractor of the company,
Terne, where the transport tariff is expressed in 1 [m3] of transported earthen
material, depending on the length of the relation. [1] On the basis of Terna's
price list, it can be concluded that in the observed period the vehicles
realized significant revenue by carring out transport tasks in three relations.
On the first line of 3-4 [km], a total of 10 431 [m3] of bulk earth material
was transported, with an income of 8 344,6 euros. On a second route of 6-7
[km], a total of 12 830,4 [m3] of bulk earth material was transported, with a
turnover of 12 830,4 euros. On the third route of 8-9 [km], a total of 5 787
[m3] of bulk earth material was transported, with an income of 6 944,4 euros.
The total realized income in these relations was 28 119,6 euros.
APPLICATION OF THE ANALYSIS OF THE MISSED AND
OPTIMIZED MODE OF THE ROAD PARK
The basic parameters of each autotransport company are the costs and
quality of service. Regarding the quality of services, given the scope of
work, the quality of the service is not measured. Of the costs, only variable
fuel consumption was observed, because it was not possible to reach other
data. Also, the work of the fleet was only observed on this transport task,
which lasted 11 days, so that the analysis could not have resulted in constant
costs, in order to get the overall cost balance. However, savings made only
on fuel consumption speak of the significance of the budget itself [1], and
the introduction of return loads with loads in situations where the terrain and
the itinerary permit such a regime. Table 2 shows the difference between the
basic parameters of the existing and optimized rolling stock operation. Based
on Table 2, it can be concluded that the revenue, the amount of transported
bulk material, the number of vehicles on the arena, and the fuel costs per
kilometer will remain unchanged or the same. However, the time expressed
during working days and hours spent at work will increase, which can cause
certain costs, which certainly would not be greater than the savings made by
introducing the optimization of the fleet's operation in the form of a ring

660

mode. The most significant savings was made in terms of mileage, given that
the optimized fleet crossed about 4 921 kilometers less than the current state.
Based on costing, it can be concluded that reducing the number of travelled
kilometers will decrease and the value of the variable cost dependent on
travelled kilometers. The savings made by the introduction of the ring mode,
in order to optimize the operation of vehicles, are primarily reflected in the
reduction of fuel costs by about 2 168 euros. A more detailed analysis would
be obtained if other variable costs were taken into account.

Table 2. The difference in the condition of the existing and optimized work of
the vehicle fleet for a particular transport task
Difference
Q [m3]
29048.4
Dr [of the day]
1.45
Ar [vehicles]
12
Ahr [h]
171
AK [km]
-4921.3
AK/AR [km/veh]
-410.11
Income [€]
28119.6
Income [€/km]
0.261
Fuel costs [€/km]
0.42
Fuel costs [€]
-2168.04

CONCLUSION
In order for an autotransport company to be competitive on the labor
market, it is necessary to take into account the relationship between realized
revenues and expenditures (costs). Costs have a major impact on the survival
of the company as well as on the responsibility itself when carrying out
transport tasks. When the company operates a positive balance between
revenues and expenditures, so with profit, then the company has a positive
atmosphere, which leads to accepting greater responsibility in carrying out
transport tasks, and thus affecting the manifestation of higher quality in the
realizaion of transport services.
The fleet of the observed autotransport company has a heterogeneous
fleet structure, consisting of fifteen vehicles with different load capacity, and
various characteristics. What must be taken care of is that three vehicles of
15 were not engaged, representing 20 [%] of the fleet or a technical safety
factor of 0,8. Increasing the technical accuracy by hiring another vehicle can
be expected to increase revenues. The revenue of an autotransport
organization would be considerably higher if the vehicles were crafted so
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that both rides were under load. The passage of an empty vehicle has
affected the profitability, efficiency and effectiveness of the company's
operations. However, transport tasks do not always allow this mode of
operation of the fleet, but in every situation it is difficult to pursue the
realization of transport services with return cargo. For this reason, the
optimization of the fleet operation has begun with the introduction of the
ring mode of operation of the vehicle, so the coefficient of utilization of the
transport route has increased from 0,46 to 0,57. Also, it is important to note
that the coefficient of exploitation of the transport route in the first case of
realization of the transport task in the ring mode was 0,68. This mode of
operation resulted in the realization of transport tasks within the deadline
agreed with the main contractor, and saving the total travelled kilometers
about 4 921 kilometers.
By comparing the total travelled kilometers, variable costs are also
reduced. In particular, the variable costs, in the observation of only fuel
costs, resulted in savings of about 2 168 euros.
On the basis of measured data and indicators, it can be concluded that the
income of a vehicle is growing in long distances, so we should strive for a
task with the highest mileage. Also, on the basis of the measured parameters,
the highest income is realized with the vehicles of the highest carrying
capacity in as long a relationship as possible.
On the basis of the obtained data it can be concluded that the total cost
per mileage is about 1 euro. Optimization of the operation of the observed
fleet resulted in revenue of 1,4 euros per kilometer in the observed transport
task. More precisely, the mileage per kilometer has increased by 0,261 euros
per kilometer. By observing the fleet, and above all by approaching transport
tasks and making strategic decisions based on a budget over a longer period
of time, this parameter could certainly be further increased, or only its
growth could be expected.
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Abstract
The movement of a motor vehicle on a surface is achieved by rolling the
wheel, resulting in a constant change in the radial deformation of its
individual parts in which an elastic force appears and which is proportional
to the deformation. As a consequence of internal displacement in the
material influenced by this force, energy losses occur, and they are
manifested by the emergence of the rolling resistance. Therefore, the aim of
this study is to determine the value of the rolling resistance coefficient
depending on the two factors, the condition of the surface on which the
vehicle moves and tread depth of tyres. The research was carried out using
experimental “free stop” methods on a horizontal road taking into account
the above-mentioned factors and five repetitions in total. The paper presents
an example of the calculation of the rolling resistance coefficient for the
Audi A4 vehicle, and it can be concluded that the value of the rolling
resistance coefficient affects the increase in fuel consumption. The results
obtained by this research confirm the aim of the paper itself.
Keywords – tyre; road; interaction; rolling resistance
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INTRODUCTION
The transport sector of goods and passengers is the most significant
dynamic process without which the life and survival of people in modern
civilisation would be unthinkable. All forms of transport are present, and
road transport appears as the most common type of transport with a share of
about 83% [1] in total transport of goods and passengers. For such a large
share of road transport of goods and passengers in total transport, it is
required to provide necessary infrastructure and equipment for a smooth
running transport process.
Many factors affect the entire transport system, but they can be
systematised into four basic factors which are intertwined: a driver, a
vehicle, a road and the environment. Tyres therefore have a big role in the
exploitation of a vehicle. Their impact is most evident for large fleets, whose
vehicles are exposed to different exploitation conditions and which are
expected to pass a large number of kilometres unobtrusively. Hence, by
experimenting with several types of tyres, their pressures and various
loadings of a vehicle, it is possible to achieve optimum rolling resistance in
accordance with road conditions, as well as the type and purpose of the
motor vehicle, which automatically saves fuel, tyres and, which is most
important in every business, reduces costs.
Tyres play one of the key roles in vehicle safety and they are usually the
leading parameter of fleet maintenance costs. The pressurised fluid is the
main bearing component of tyres and it receives up to 95% of the total
external load in the case of modern tyres, while the carcass and protector
receive the rest of 5%. Among many influential factors, a surface and a tyre
have an important role, more precisely, the interaction of these two factors
by reducing the rolling resistance R f , i.e. by reducing the rolling coefficient
which affects reduction in fuel consumption. The main goal of the research
is to determine the interaction of the tyre and surface and their influence on
the value of the rolling resistance coefficient of motor vehicles. As an
example in the paper, a passenger car Audi A4 has been used by replacing its
tyres, using different tread depth tyres, and driving it in different road
conditions (dry and wet road).
OVERVIEW OF SITUATIONS IN THE FIELD
The findings gained in the research on the rolling resistance coefficient
can be useful for further development of roadway constructions, tyre design
and choice of the most suitable tyres for vehicles. Significant amount of
research results regarding the rolling resistance coefficient can be found in
the literature, and in this paper, three studies from remote world parts and one
from our region will be presented.
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RESEARCH IN THE USA

Professor M. Ehsani’s research [2] was carried out at the University of
Texas at Austin and the results obtained are shown in Table 1.
Table 1. Research results in the USA [2]
Rolling resistance
Conditions
coefficient (f)
Car tyres on a smooth asphalt surface
0.01
Car tyres on a concrete surface
0.011
Car tyres on rolled macadam
0.02
Tar macadam
0.025
Unpaved surface
0.05
Poor earth road
0.16
Unrolled sand
0.15-0.3
Truck tyres on a concrete or asphalt surface
0.006-0.01
Wheels on rail
0.001-0.002

The values of the rolling resistance coefficient shown in Table 1 are
obtained without any speed alteration, i.e. the speed is constant. Based on
experimental results, many empirical patterns have been suggested for
calculating the rolling resistance on a hard surface. The rolling resistance
coefficient of a passenger car on a concrete surface can be calculated as
follows:
 V 
fr  f0  fs 

 100 

2,5

(1)

It is sufficient to consider the rolling resistance coefficient as a linear
function of speed. Depending on inflation pressure of tyres, the following
equation can be used for a passenger car on a concrete surface:
V 

f r  0,011 

160 


(2)

RESEARCH IN CZECHOSLOVAKIA

The value of the rolling resistance depends on the weight of a vehicle and
the rolling resistance coefficient. The weight of the vehicle has a primary
effect on the rolling resistance value. The large mass of the vehicle manifests
negatively, especially in the case of energy savings. Constructors of vehicles
tend to minimize the mass of the vehicle as much as possible without spoiling
construction characteristics.
The rolling resistance of a vehicle is calculated by the following equation:
Pf  Q  f

(3)

where: Q – normal loads, f – rolling resistance coefficient.
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Table 2 shows the research results obtained by Czechoslovakian engineer
Julius Mackerle.
Table 2. Research in Czechoslovakia [3]
Conditions
f
Tyre
Asphalt
0.01
Fine concrete
0.015
Compressed soaked gravel
0.02
Crushed stone
0.025
Primary layer, compressed
0.05
Primary layer, soaked
0.1
Tillage
0.15 – 0.35
Caterpillar tracks
Tillage
0.07 – 0.15
Stamped snow
0.15
Loose snow
0.3
Steel wheel on rail
0.001 – 0.002

As a restriction, it is taken that the rolling resistance coefficient does not
change in relation to speed alteration. The smallest rolling resistance is for the
steel wheel moving on rail, and the highest for moving a vehicle with
caterpillar tracks on loose snow. From the above, we can conclude that the
rolling resistance coefficient is smaller if deformation surface is smaller.
RESEARCH IN RUSSIA

The rolling resistance does not depend only on the mass of a vehicle and
surface but also on the materials of tyres and their state. When a vehicle
moves on an earth road, both the deformation of the surface and tyres occur
and thus the rolling resistance is higher. The part of earth extends beyond the
edge of tyres, and another part is pushed by the tyre in front of it. The asphalt
surface has relatively low rolling resistance, i.e. the resistance depends only
on tyre deformation. Table 3 shows the research on the rolling resistance
coefficient on different surfaces and in different surface conditions carried out
by Professor Ivan Martinovich Jurkovski.
Table 3. Research by Professor Jurkovski [4]
Type and state of roadway surface
Rolling resistance coefficient
Good concrete
0.01 – 0.018
Bad concrete
0.015 – 0.02
Good asphalt
0.01 – 0.012
Bad asphalt
0.016 – 0.023
Good macadam
0.01 – 0.023
Bad macadam
0.018 – 0.035
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RESEARCH IN SERBIA

An increase in the rolling resistance coefficient in relation to the increase
in movement speed is explained by the increase in numbers of cycles of tyre
deformation per a time unit and the lack of time required for tyre materials to
be fully regenerated, i.e. relieved between two contacts. The rolling resistance
coefficient varies for different surfaces. The rolling resistance coefficient is
higher on rough and uneven driveways. The following Table 4 shows the
research results from Serbia.
Table 4. Research conducted in Serbia [5]
Type and state of driveway surface
Rolling resistance coefficient
Good concrete
0.01 – 0.018
Bad concrete
0.015 – 0.02
Good asphalt
0.01 – 0.012
Bad asphalt
0.016 – 0.023
Good macadam
0.01 – 0.023
Bad macadam
0.018 – 0.035

The movement speed also affects the heating of tyres. The rolling
resistance decreases with the increase in temperature of tyre material. After
some time of work, the temperature and rolling resistance stabilise.
Extremely high temperatures cause temporary or permanent changes in
rubber, which is predominantly used to manufacture a tyre. Temperatures
above 200˚C provoke rubber devulcanisation and disintegration of tyre
structure. Larger tyre deformation on contact means greater rolling resistance
and vice verse.
MATERIALS AND METHODS
The experiment requires the rolling resistance coefficient, for a particular
motor vehicle, to be determined in real driving conditions. The motor vehicle
was subjected to a “free stopping” method on a horizontal road. In that case,
the speed of the vehicle is recorded every 10 seconds (which allows a graphic
display of speed curve in the function of deceleration time) from some initial
speed until stopping. In order to eliminate errors due to possible driveway
inclination or wind influence, the examination was repeated five times on the
same road part and also in the opposite direction and then, after interpolation,
the values given in tables in the Results section were obtained. During the
examination, transmission was separated from drive wheels. Experimental
research was carried out in December of 2016 and January of 2017 on the
regional route R474a Doboj – Stanari – Prnjavor (Figure 1). Three tyre sets
were used for each vehicle, tyres with tread depth of 8 [mm], 6-7 [mm] and 45 [mm].
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Fig. 1. Road part for experimental research

For a practical part of the experiment it was used a vehicle, subjected to a
technical inspection at Nešković, an authorized technical inspection centre,
prior to the experiment where it was confirmed that the vehicle was
technically correct. In this paper, a passenger car Audi A4 has been
examined.
To calculate the rolling resistance coefficient, it is necessary to set the
equation of motion (4).
t

kA
 v1  v 2 
G f
arctg
kA
G f k  A
1
 v1  v 2 
G f
G

g

(4)

Time (t) for the interval of speeds v1  v2  is interpreted based on the
diagram of the dependence of movement speed on slowdown time for each
vehicle. The equation (4) expresses
 W  , in order to provide graphic
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In the case of separated transmission, the rotational mass coefficient is
adopted, λ=1.04. We can write two equations with two variables.
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where: f 1 , f 2 – rolling resistance coefficient, λ' – rotational mass coefficient,
G – vehicle weight, g – gravity, t1 ,t 2 – time for the interval of speeds, W –
air resistance factor, v1  v2 – interval of speeds.
For the experimental research on the driveway, the passenger car Audi
A4 (Figure 2) has been used, whose features are: the year of manufacturing
2002, engine volume of 1.9 cdm, engine power of 96 kW, empty vehicle
weight of 1577 kg, total vehicle mass of 1667 kg, vehicle length of 4544
mm, vehicle width of 1766 mm, vehicle height of 1454 mm. The vehicle
includes Tigar tyres of 205/55 R16 dimensions.

Figure 2. Audi A4

RESULTS
(Tread depth of tyre δ=8[mm]
Table 5. Dependence of movement speed on slowdown time of the Audi A4, wet
driveway, the temperature of surrounding environment t=5[°C]
t (s)
0 10 20 30 40 50 60 70 80
v (km/h)
80 67 60 48 39 30 25 17 10

Diagram 1 shows the dependence of movement speed on slowdown time
from Table 5 and Table 8.
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Diagram 1. Dependence of movement speed on slowdown time of the Audi A4, wet
driveway (left) and dry driveway (right)

From Diagram 1, it is necessary to interpret the interval of speeds and
time. The vehicle slows down from the speed of 80 km/h to the speed of 25
km/h in 60 seconds and from the speed of 60 km/h to 17 km/h in 50 seconds.
Table 6. Interval of speeds and time
f1
f2
t=60 (s)
t=50 (s)
v1=80 (km/h)
v1=60 (km/h)
v2=25 (km/h)
v2=17 (km/h)

By adding the values from Table 6 in equations (6) and (7), the values of
the rolling resistance coefficient are obtained.
w/f
f1
f2
w/f
f1
f2

Table 7. Results of equations for the Audi A4, wet driveway
0.09
0.16
0.25
0.36
0.49
0.64
0.81
0.0264 0.0263 0.0261 0.0258 0.0254 0.0251 0.0245
0.0249 0.0248 0.0246 0.0245 0.0243 0.0242 0.0239
1
2
3
4
5
0.0244 0.0224 0.0208 0.0191 0.0183
0.0238 0.0227 0.0218 0.0207 0.0201

Diagram 2 shows the results of equations (6) and (7). At the cross point
of curves there is a joint result which is: = 0.0233.
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Diagram 2. Graphic display of equation results for the Audi A4, wet driveway

During the examination on the dry driveway, the temperature was 6 [°C].
By experimental research on the driveway, the dependence of movement
speed on slowdown time was obtained, which is given in Table 8.
Table 8. Dependence of movement speed on slowdown time of the Audi A4, dry
driveway
t (s)
0 10 20 30 40 50 60 70 80 90
v (km/h)
80 64 55 50 43 38 30 25 21 18

From Diagram 1 (right), it is necessary to interpret the interval of speeds
and time. The values obtained are given in Table 9.
Table 9. Interval of speeds and time
f1
f2
t=40 (s)
t=90 (s)
v1=55 (km/h)
v1=80 (km/h)
v2=30 (km/h)
v2=18 (km/h)

By adding the values from Table 9 in equations (6) and (7), the values of
the rolling resistance coefficient are obtained.
Table 10. Equation results for the Audi A4, dry driveway
w/f
f1
f2
w/f
f1
f2

0.09
00181
0.0229
3
0.0146
0.0187

0.16
0.0178
0.0226
4
0.0138
0.0174

0.25
0.0177
0.0223
5
0.0129
0.0167

0.36
0.0176
0.0221
6
0.0122
0.0157

0.49
0.0173
0.0219
7
0.0118
0.0142

0.64
0.0171
0.0217
8
0.0110
0.0128

0.81
0.0169
0.0215
9
0.0105
0.0112

1
0.0166
0.0212
10
0.0097
0.0097

2
0.0156
0.0198
11
0.0091
0.0088

Diagram 3 shows the results of equations (6) and (7). At the cross point
of curves there is a joint result which is: = 0,0097.
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Diagram 3. Graphic display of equation results for the Audi A4, dry driveway

*Tread depth δ=6-7[mm], - wet driveway, t=4[°C]; f=0.0202
- dry driveway, t=8[°C]; f=0.0106
*Tread depth δ=4-5[mm], - wet driveway, t=4.5[°C]; f=0.0220
- dry driveway, t=8[°C]; f=0.0155
CONCLUSION
Based on the results of the model, it has been shown that tread depth of
tyres and weather conditions affect the change of the value of the rolling
resistance coefficient. By calculating the values of the rolling resistance
coefficient based on speeds obtained by the interpolation of speeds
measured, it can be concluded that the value of the rolling resistance with
tread depth of δ=8[mm] on a wet driveway has the maximum value and it is
f=0.0233, and the minimum value on a dry driveway with a value of
f=0.0097. Tyres of motor vehicles deserve special attention to be paid to.
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Abstract
This paper summarizes the basic assumptions that led to a thesis which
investigates the use of high efficiency solar cells used by solar cars, with the
main aim of minimizing energy consumption in such a vehicle. A solar car is
special in the way that there is not only energy consumed, but also
generated. This energy should be used in the most efficient way, for example
with the use of a combination of different energy storages, such as high
efficiency batteries and super capacitors.
Keywords - solar energy; solar cell; wsc (world solar challenge); super
cap
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INTRODUCTION
In the 20-th century there was a rapid development in industry and new
computer technology. New computers that can operate faster than their
forerunners along with tiny microchips allow use of controlling processes in
most technological branches. In this way technological development can
reduce costs in production companies and can help them work more
efficiently. On the other hand, more and more electricity is being used to
fulfill the high energy demand. It is enough for us to compare the electrical
house appliances used these days with those used 20 or 50 years ago to
realize how much the electricity demand has increased. Without thoughtfully
considering when buying new household devices that will consume more
energy, we are turning into a consuming society that does not think about the
surrounding environment.
It is no wonder that to be able to cover high electricity demands more energy
needs to be produced, the majority of it coming from coal, gas or nuclear
power stations. All these electricity producers clearly introduce a hazard for
the environment. Although the efficiency of coal fired power stations has
increased to about 40%, for the final product delivered to the costumer,
which might be our homes, this number will drop to just a fraction of the
energy that was originally stored in the fuel. These days there are activities
by some political parties and associations that try to reduce the negative
impact on our environment caused by burning fossil fuels. Unfortunately the
cheapest way to produce energy still has a green card and with all honestly
this cannot be changed in the near future.
Technological development helps to further develop different areas of
science so new technologies can be used and try to compete with the old and
environmentally harmful energy producers. As an example wind, water or
solar energy can be mentioned. When comparing an average-sized coal
power station than can generate about 1000 MW we would have to build
approximately 200 wind power stations. On one hand this introduces high
coasts and also a large area of coverage when building such power plants,
but one the other hand the fuel, wind, is there and it is free. Similarly, solar
power is so free, but it is not used to the extent that it could be. The main
reason is that high price of high efficiency solar cells introduces a breakpoint
in their wide utilization.
There are campaigns that try to present new technologies, such as solar
power, to the public. An example of such an action would be the
introductions of solar cars in a competition known as “World solar car
challenge” that takes place on regular basis in Australia. This is a friendly
competition where solar powered cars drive a distance of over 3000 km
through a desert driven by the power coming from the sun. The main
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concern of this paper is based on a dissertation thesis, which is still being
processed, considering such a vehicle and designing an onboard system that
would take care of energy burned by driving and also taken from the solar
energy. Different driving modes will be considered and as a result a system
will be designed that will manage the energy consumption. If, for example,
the profile of the track would already be known this system could optimize
the energy outflow so the finish destinations will be reached. Furthermore,
an electrical design that possibly improves the efficiency of this vehicle will
also be considered. Controlling process that will optimize the energy
consumption will be included.

SOLAR CAR TECHNOLOGY - WSC “World Solar Challenge”
World solar challenge is, without a doubt, one of the most famous and
prestige campaigns that promote alternative energy sources - in this case
solar energy. The race takes place on a track which covers 3021 km through
the Australian outback, from Darwin to Adelaide. Along the track there are 9
check points where the racing teams have to stop. The distance between
those outback towns varies between 300 and 500 km. The start of the race is
in Darwin with a short presentation where the solar vehicles are introduced,
and there is also some time for a chat with the members of the racing teams.
The next stops are Katherine (318km), Dun Mara (633km), Tennant Creek
(978km), Alice Springs (1498km), Cagney Homestead (2025km),
Glendambo (2430km), Port Augusta (2719km) and the final stop is in
Adelaide after 3021km. Teams entering this contest have to comply with
strict regulations which are limitations for the solar car construction. The
main limits will be introduced.
 As already stated the solar panel area should be no more than 6m2.
 As the race is over public roads, the cars have to adhere to the normal
traffic regulations; however, there is a special note in the official
regulations remarking on the tendency of drivers to take advantage of
a favorable road camber in order to capture the maximum amount of
solar energy.
 A minimum of 2 and maximum 4 drivers have to be registered. If the
weight of a driver (including clothes) is less than 80 kg, ballast will be
added to make up the difference.
 Driving time between 0800 and 1700 hours. In order to select a
suitable place of the overnight stop (alongside the highway) it is
possible to extend the driving period for a maximum of 10 minutes,
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and this extra driving time will be compensated by a starting time
delay the next day.
 At various points along the route there are checkpoints where every
car has to pause for 30 minutes. Only limited maintenance tasks (no
repairs) are allowed during these compulsory stops.
 The capacity of the batteries is limited to a mass for each chemistry
(such as Lithium Ion) equivalent to approximately 5 kWh maximum.
At the start of the race, the batteries may be fully charged. Batteries
may not be replaced during the competition, except in the case of a
breakdown. However, in that case a penalty time will apply.
 The deceleration of the dual breaking system must be at last 3.8 m
(149.6 in)/s2.

BASIC SOLAR CAR ARRANGEMENT
The basic system arrangement of a solar car would consist of three main
components - the motor, where electric energy is transformed into
mechanical kinetic energy, the battery (or other power source), and finally
solar that transforms the energy of the light into electrical energy. In the case
of the solar car the physical energy stored in the light is transformed into
electrical energy and then back to mechanical energy in the form of motion.
Unfortunately the present efficiency of solar cells as such is not good enough
to provide a sufficient amount of energy for car momentum. There has to be
a separate power source that can provide the car with additional energy.
SOLAR CELL
There is a large spectrum of solar cells on the market these days,
however the efficiency of the solar cells differ dramatically. The common
solar cells in households would have an efficiency of just about 10 %
whereas the most-efficient cells used on space ships achieve close 30 %. For
solar cars very efficient solar cells also need to be used to produce more
energy from a smaller area. Unfortunately those cells are produced with
expensive technology and expensive materials, so the cells also introduce a
very high cost. One of the market’s leading developers and producers of
solar cells is the company EMCORE. One of their solar cells is going to be
selected for further explanation and also for energy management design and
calculations. As is commonly known, a solar cell or photovoltaic cell is a
device that converts light energy into electrical energy by the photovoltaic
effect.
A solar cell’s energy conversion efficiency (η, “eta”), is the percentage
of power converted (from absorbed light to electrical energy) and collected,
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when a solar cell is connected to an electrical circuit. This term is calculated
using the ratio of the maximum power point, Pm, divided by the input light
irradiance (E, in W/m2) under standard test conditions and the surface area of
the solar cell (Ac in m2).



Plim
E  Ac

Equation 1

So the next step would be to determine how much solar energy can be
expected or how much irradiance is delivered from sun. The trend measured
by research institutes indicates following data for irradiance E:

In a summer day 100 to 1050 Wm-2

In a winter day 300 Wm-2

By a clouded sky 100 Wm-2

In the night
0.01 Wm-2
Considering the high solar irradiation of 1000 Wm-2, a solar cell efficiency of
20 % and an area of 1m2, the possible solar energy that can be used these
days transformed into electrical energy can be calculated with the Equation:
Plim    E  Ac
Equation 2
According to new regulations for the WSC (World Solar Challenge) in
Australia the solar cell area is limited to 6m2 which will represent a solar
power of:
Plim  1800W
Equation 3
This is the solar power output that needs to be taken into consideration when
designing the energy management. This is approximately the maximum solar
power that can be generated by the onboard solar cells.
Recent studies in research institutes have developed high efficiency cells.
The world record in efficiency was reached in Germany at the FraunhoferInstitut fur Solar Energy systems ISE in January 2009 - a world record of
41.1% of efficiency for multifunction solar cells.
Scientist from the Frauenhoofer Institute for Energy systems ISE have
reached an efficiency of 41.4% in the transformation of light into electrical
energy. The sun light was concentrated 454 times on a 5 mm2 plate, which is
known as multi-function semiconductor and is made of “Gain/Gain As/Ge”.1
SUPER CAPACITOR VERSUS BATTERY
Whereas a regular capacitor consist of conductive foils and a dry
separator, the Super capacitor crosses into battery technology by using
special electrodes and some electrolyte. There are three types of electrode
materials suitable for the super capacitor. These are: high surface area
activated carbons, metal oxide, and conducting polymers.
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The high surface electrode material, also called a Double Layer
Capacitor (DLC), is the least costly to manufacture and is the most common.
It stores the energy in a double layer formed near the carbon electrode
surface. To operate at higher voltages, super capacitors are connected in
series. On a string of more than three capacitors, voltage balancing is
required to prevent any cell from reaching over voltage.
The energy density of the Super capacitor is 1 to 10Wh/kg. This energy
density is high in comparison to a regular capacitor but reflects only onetenth of that of the nickel metal hydride battery. This relationship is
indicated in figure 1. Whereas the electro-chemical battery delivers a fairly
steady voltage in the usable energy spectrum, the voltage of the super
capacitor is linear and drops evenly from full voltage to zero volts. Because
of this quality, the super capacitor is unable to deliver the full charge. If, for
example, a 6V battery is allowed to discharge to 4.5V before the equipment
cuts off, the super capacitor reaches that threshold within the first quarter of
the discharge cycle. The remaining energy slips into an unusable voltage
range. A DC-to-AC converter could correct this problem but such a regulator
would add costs and introduce a 10 to 15 percent efficiency loss.
Table 1. Super cap and battery comparison
Lead
NiMH
Li-Ion
Super cap
Battery
Nominal
2.0
1.3
3.8
Voltage [V]
Max.
to 2.7
to 1.7
4.0
to 3.0
Charge
Voltage [V]
Min.
1.5
0.8
2.7
0
Discharge
Voltage [V]
Specific
to
to 900
to 1500
9000
Power
400(1200)
[W/kg]
Specific
70
70to120
4
30
Energy
[Wh/kg]
Temperature
-30 to 60
-25 to
(-25) to 45
-30 to 80
usability
55
[0C]
Charge and
̃˜300
˜1500
˜1500(600)
˜500 000
discharge
cycles
Technology
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On the other hand the super capacitor has a very high specific power that can
be approximately ten times higher than batteries in this comparison chart. So
rather than operate them as a main battery, super capacitors are more
commonly used as memory backup to bridge short power interruptions.
Another application is improving the current handling of a battery. The super
capacitor is placed in parallel to the battery terminal and provides a current
boost on high load demands.
The charge time of a super capacitor is about 10 seconds. The ability to
absorb energy is to a large extent, limited by the size of the charger. The
charge characteristics are similar to those of an electrochemical battery. The
initial charge is very rapid; the topping charge takes extra time. In this
design the Super cap would be charged from the solar cells. Immediately
after the super cap would be discharged through a high power demand
driving, the logic would then be to change to battery supply and the super
cap would be charged from the solar cells. Provision must be made to limit
the current when charging an empty super capacitor. A resistance must be
provided that will limit the charging current to the super cap. In terms of
charging method, the super capacitor resembles the lead-acid battery. A full
charge occurs when a set voltage limit is reached.
Unlike the electrochemical battery, the super capacitor does not require a
full-charge detection circuit. Super capacitors take as much energy as
needed. When full, they stop accepting a charge. There is no danger of
overcharge or any ‘memory’ effect. The super capacitor can be recharged
and discharged virtually and unlimited number of times.
Unlike the electrochemical battery, there is very little wear and tear
induced by cycling and age does not affect the super capacitor much. In
normal use, a super capacitor deteriorates to about 80 percent after 10 years.
The self-discharge of the super capacitor is substantially higher than that of
the electrochemical battery. Super capacitors with an organic electrolyte are
affected the most. In 30 to 40 days, the capacity decreases from a full charge
to 50 percent. In comparison, a nickel based battery discharges about 10
percent during that time.
Advantages
 Virtually unlimited cycle life – can be cycled of time.
 Low impedance – enhances load handling when used in parallel with a
battery.
 Rapid charging – super capacitors charge in seconds.
 Simple charge methods – no full-charge detection is needed; no
danger of overcharge.
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Limitations
 Linear discharge voltage prevents use of the full energy spectrum.
 Low energy density – typically holds one-fifth to one-tenth the energy
of an electrochemical battery.
 Cells have low voltages – serial connections are needed to obtain
higher voltages. Voltage balancing is required if more than three
capacitors are connected in series.
 High self-discharge – the rate is considerably higher than that of an
electrochemical battery
POWER SOURCE SELECTION
It was already mentioned that when the power consumption would exceed
internally sat limits then the control logic would use a different power
source. This would be either a battery or capacitor. Following the same
example that was used for power calculation the data can be recorded, as
shown in figure5.
Once the power demand exceeds the power limit (for example P_lim 200 W)
the power source selected is going to be the Super capacitor.

Fig. 1. Power source selection (Capacitor of Battery)

When considering the charge and discharge power from the battery and
capacitor, the amount of remaining charge can be calculated during their
operation. So in the next example the battery will be discharged only when
the needed power will not exceed P limn and the capacitor will be discharged
only when it exceeds this limit. This can be compared with a battery
discharge only.
The capacity of the energy stored in a capacitor is the square proportional to
the remaining voltage. In the case of the battery the capacity caused by
discharging witch a certain electrical current was subtracted.
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CONCLUSION
The use of alternative energy resources has gained popularity with the
effect of global warming and other negative effects from the common energy
production using fossil fuels. Even though there is a limitation for any
physical process, including the transformation of solar energy to electric,
there is a necessity to use environmentally friendly resources. This concept
is selecting the best qualities of different energy storages to maximize the
efficiency of a solar vehicle.
Charging the Super capacitor from solar cells is more efficient then charging
a battery. The reason is the low internal resistance of the Super capacitor. So
the energy can be stored more efficiently in the capacitor and can be used
during high power demands. This will provide additional power stored in the
battery.
Further investigation will focus on the combination of such storages and the
design of a basic model that can be simulated under real road conditions.
The power consumption will be determined according to an active driving
mode and track profile. The road information will be recorded with a GPS
and imported into the simulation to allow the use of real data. The result
should confirm better energy usage compared with the standard setting with
only one energy storage.

REFERENCES
[1] H. Douglas, P. Pillay: ”Sizing Ultra capacitors For Hybrid Electric
Vehicles”, Internet source, University of Cape Town, Clarkson
University 2008.
[2] M. Ehsani, Y. Gao., E. Gay Sebastien, A. Emadi: “Modern electric,
Hybrid Electric and Fuel Cell Vehicles: Fundamentals, Theory, and
Desogn”, CRC Press LLC, USA 2005.
[3] S. Fasemi Navid, R.P. Sharp, A. Stan Mark, J. Aiken , B. Clevenger, Q.
Hou Hong,: “Radiation-Hard High-Efficiency Multi-Junction Solar Cells
for Commercial Space Applications”, Internet source, Encore
Photovoltaics’, Albuquerque 2008.
[4] Maxwell Technologies: “ How To The Appropriate Size Ultra capacitor
For Your Application”, Internet source, Maxwell Technologies, October
2004.

683

[5] Pro-physik: “Welterkord: 41,1% Wirkungsgrad Fur
Mehrfachhsolarzellen” Internet source, Fraunhofer-Institut fur Solare
Energiesysteme ISE, Januar 2009.
[6] M. Simanek,: “Entwicklung und Aufbau eines Mikrocontroller
gesteuerten Transfegates fur hohe Strome“, Diplom Thesis, simens
Automotive, Regensburg 2002.
[7] Zl. V. Sovreski, Ph.D., Doctoral dissertation. Study and application of
hydrogen as an alternative drive in public transport, CTU Prague, 2013.
[8] M. Simanek, P. Piacek,: “Solar Cars“, 7th international conference and
exhibition in transport and technologies for sustainable development,
Karlovy Vary: The society for Sustainable Living, 2004.

684

ПРИЛОЗИ
ATTACHMENTS

CONTRIBUTION TOWARD SUSTAINABLE
BICYCLE INFRASTRUCTURE IN BITOLA
MAGDALENA GJONESKA
University St. Kliment Ohridski - Bitola
Technical Faculty Bitola
-Traffic and transport engineeringBitola, Macedonia
magdalena.gjoneska@hotmail.com

Introduction

Methodоlogy

Examples

The level of motorization, limited movement
space, crowd, the intention for healthy lifestyle
and environment, are imposing the need of
restricted usage of the cars.
Lately, a lot of cities around the world started
promoting cycling as a way of city
transportation, by building cycling infrastructure
and usage of bicycles as a transportation in
between 1 to 10 km.
However, only a few of those cities have cycling
as an ordinary way in their urban transportation
system. According to the Traffic study for the
city of Bitola made in 2010, for existence of this
kind of transportation network are noted these
lacks:
- The type of the street can’t be chosen/defined
in the process of reconstruction;
-The type of the thoroughfare can’t be defined
according to the main criteria of the SURFACE
DESIGN;
-Street elements can’t be defined according to
the predicted traffic load;
-Inappropriate “level of access control” which
depends on the type of the street. Actually,
street capacity, level of service, speed,
comfort and safety in the traffic flow depend
on this principle.
-Unauthorized physical and functional
characteristics of the street profile;
-Uncontrolled modal distribution of traffic;
-Neglected and suppressed types of movement
(walking and cycling);
-Paging.

•Design principals
Before planning and building of the new
bicycle infrastructure, there are main points
that need to be taken into consideration:
Design principles are sets of generally
applicable laws, guidelines, and design
considerations, all of which reflect the
accumulated knowledge and experience of
practitioners and researchers. They serve as a
starting point for the creation of new designs to
solve problems.
-Cohesion;
-Directness;
-Reliability;
-Comfort; and
-Attractiveness.

Tthe design of bicycle infrastructure in some of
the EU countries and Bitola is illustrated in the
following images.

According to the definition, cycling
infrastructure is the whole infrastructure which
is designed for moving and resting of the
cyclists.
At one parking spot for the car, there is
approximate space for up to 10 or 12 bicycles.

Table 1. Characteristics of the bicycle infrastructure
Bicycle road

One way

Minimal

1,5м

2,0м

Recommend
ed
Minimal

2,0м

3,0м

Both ways

No allowed traffic in
both ways

2,5м

-

Low costs
Small space
occupying
Increased
visibility
Best solution
for city streets

-

Fast physical
separation
Illegal
parking
Drivers do
not give
proper
meaning to
cyclists

-

Line marking
Symbol
“bicycle”
Safe buffer
zone
Flat surface

-

Width

Recommend
ed

Pros

-

Cons

-

-

-

-

-

Usage advice

Possibility
of mixed
traffic

In a
residential
area

Traffic
speed

4,0м
Physical
separation
Highest
safety
Very
comfortable
Strong
stimulus for
cycling

-

Inflexible
crossing
Increased
risks on the
junctions
Taking up a
lot of space

-

Possibil
ity of
mixed
traffic

Route type

2000

-

Taking
up a lot
of
space
Can’t
be
always
done

1500

-

Colored
asphalt
Separation
line
Closed
surface

Streets with enough
space

≤50,0 km/h

Physical separation
of motorized traffic

Housing areas
or small
traffic flows

Traffic
speed

≤60,0 km/h

Under 30
km/h

Traffic
intensity

2,000 – 3,000 veh/h

Under 3,000
veh/h

Local, main,
national
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Conclusions
Cycling is believed to be one of the most
effective type of city transport. The output
is better lifestyle. Although the bicycles are
noted as simple “machines”, their imposing
as an ordinary way of city transportation is
not that simple.
According to the new territory separation,
the city of Bitola extends on an area of
236km2 with a total number of inhabitants
of 74.550. Most of the city is with the
surface of 230 ha. Development of the
bicycle infrastructure is on a very low level
and it doesn’t fulfil the main condition –
cohesion.
Making safe cycling conditions by building
bicycle infrastructure is an undoubtedly big
and urgent task for the city of Bitola.
This requests:
- Political will, strong and decidable
persuading in the local government;
-Interests, competency and dialog between
those who have technical responsibility;
- Patience and reason for using the bicycle
for the cyclists;
- Big marketing for achieving this idea,
campaigns and other different happenings
for bigger propaganda and interests through
the citizens regarding these alternate types
of transportation and their positive outputs.
Achieving these characteristics is a real
challenge. Bitola is one of those cities for
which the size and the good geographical
position with the weather conditions on a
yearly level, has a great basics for building
cycling and walking traffic network. With
this the citizens would have the opportunity
to enjoy many advantages which are given
by these alternate solutions for reaching the
wanted destinations.
For preparing the proposal ideas for
solutions for driving in cycling or
combined cycling – walking streets, there
is a need of additional analysis (collecting
data from the field and systematicmethodological approach).

Results 6 – Walking and cycling road, Bitola,
MK;

IV
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Results 5– Hamburg, DE;

II

Previously shown design principles, the
existing developed infrastructure in the
countries in Europe, can be a good example
and way of developing the cycling
infrastructure in the city of Bitola.

I

1000

500
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-

Urban environment

Basic

Results 4 – Marked crossings for cyclists, Bitola,
MK;

Fig.1 – Choice of cycling facility type (integration/separation)
by car traffic volumes and speed (ERA 2010)

2500

Traffic
intensity

Out of a
residential
area

Results 3 – Stop line, San Francisco, CA;

•Choosing the right type of infrastructure
-Criteria based on traffic quantity;

0
Design advice

Results 2 – Boulevard “1vi Maj” Bitola – actual
situation and solution proposal;

Bicycle street

3,0м

4,0м

•Design parameters – advanced knowledge of
modern planning o the bicycle infrastructure:
-Needed space;
-Curvature diameter;
-Slope;
-Range of visibility.

[Veh/h]

Bicycle tape

Illustration: Safety is the main point and has
to be the biggest concern. Cyclists don’t cause
high danger, but they are potential danger
and they feel vulnerable when they move in
the same space with the motorized traffic. The
risk is caused by the difference in the
movement speed and the weight. Safety can
be arranged through three main ways:
-Decreasing the intensity of the traffic and
decreasing the movement speed under 30
km/hr;
-Separating the cyclists in the space and time
from the fast and heavy motorized traffic
(decreasing the number of dangerous
conflicts);
-Collision points that can’t be avoided
(junctions and crossroads), should be clearly
shown, with which all participants (not only
cyclists), will be aware of the situation and will
adapt their attitude.

Results 1– Copenhagen, Denmark;

2nd International Conference

20

40
[km/h]

60

80

I – mixed with car traffic;
II – “soft separation“, e.g by advised „safety
lane
III – separation advisable (cycle lane or cycle
path)
IV – separation essential (cycle lane od cycle
path)

Results 7 – Street Filip II Makedonski – actual
situation and solution proposal.

1. www.mobile2020.eu
2. Maletin, M.:Urban streets
planning and design, 2010
3. Traffic study of the city Bitola,
2011.
3. Facebook page @Bitolanatocak

-Criteria based on traffic quantity of heavy
vehicles;
-Criteria based on available space;
-Criteria based on parking;
-Criteria based on junctions;
-Criteria based on longitudinal slope.

Main, national
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Introduction
Motor vehicles and trailer participating in
the traffic must be registered. Only
those motor vehicles and trailers for
which the mandatory technical
inspection will be found to be correct
can be registered.
The determination of the technical
correctness of the motor vehicles and
trailers shall be carried out in an
authorized organization for technical
inspection of motor vehicles.
The technical inspection station of motor
vehicles should be equipped with the
following equipment:
 A jack with sufficient carrying and
lifting height;
 Device for measuring the braking force
of the wheel circumference of the same
axle;
 Device for measuring wheel clearance
from the steering wheel;
 Device for controlling the direction of
the lights and checking the brightness of
the light beam;
 Device for measuring the volume
percentage of carbon monoxide in the
exhaust gases of vehicles with a petrol
engine;
 Device for checking the correctness of
the elements of the elastic suspension
system and the wheel guiding system of
the vehicle;
 A device for measuring the noise
emitted by vehicles;
 gauge of tire hinge depth device;
 Pressure gauge for checking air
pressure in tires;
 A device for measuring the dimmer
(opacity) of the exhaust gases of the
vehicle with a diesel engine;
 Device for controlling the geometry of
the steering mechanism - slope, tilt and
direction;
 Measured device for checking the
dimensions, the distance of the axles
and the wheel span;
 Color Catalog;
 Stopwatch;
 Meter or meter cord;
 Hand tools;

Picture 1 Hand tools

Picture 2 PHONOMETER

THE ORGANIZATIONAL
SCHEME OF THE TECHNICAL
REVIEW STATIONS IS GIVEN
IN ADDIOTION

Categorization of
vehicles
Category L Motor vehicles with less
than 4 wheels:
Category L1
Category L2
Category L3
Category L4
Category L5
Category M Motor vehicles with at least
four wheels, designed and constructed
for the carriage of passengers
Category M1
Category M2
Category M3
Category N Motor vehicles with at least
four wheels, designed and constructed
for the import of loads.
Category N1
Category N2
Category O Trailers (including semitrailers)
Category O1
Category O2
Category O3
Category O4

Picture 4 REGLOSKOP
Picture 3 Sketch with control points for
review of motor and trailer vehicles

REVIEW BY CONTROL
POINTS OF THE MOTOR
VEHICLES AND TRSILERS
1. Visual inspection and vehicle
identification
2. Overview of the drive engine and
vehicle units
3. Overview of the base construction
and body structure ie selfsupporting construction
4. Overview of transmission devices
5. Overview of the steer device
6. Overview of towing device for
connecting the towing and towed
vehicle
7. Overview of wheels and tires
8. Checking the geometry of the
steering mechanism – slope and
direction of the wheels
9. Inspection of vehicle suspensions.
10. Overview of the braking device
11. Device for discharging flammable
gases
12. An overview of light and light signaling devices
13. Overview of control and signaling
devices
14. An overview of the audio signaling
device
15. An overview of devices that provide
normal visibility
16. Other devices and equipment
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 The front seat backrest has prescribed
fuses;
 Whether in passenger cars there are
built-in seat belt anchorages, at least for
the first row of seats as well as built-in
seat belts;
 Has the tachograph been calibrated and
is proven by certification;
 Tractors have a built-in security cabin in
the prescribed way;
 Motor and attached vehicles have
mudguards and are properly installed.

Picture 7 Device for checking the color
of vehicles

Picture 8 Device for checking the gas
system

Conclusions
The technical inspection of the motor
vehicles and trailers is carried out only in
the Technical Inspection Units approved
exclusively by the authorities of the
Republic of Macedonia.
Advantages of carrying out technical
Picture 5 DECELEROMETER
inspection of vehicles:
 Safety in terms of to vehicle;
 Opportunity to detect possible vehicle
malfunctions that can later lead to a
malfunction of the vehicle as well as
endangering other participants in the
traffic;
 Increasing traffic safety;
Picture 6 Device for checking electrical Reducing the number of traffic accidents.
plugs
The disadvantages that I have seen during
the technical inspection of the motor
OVERVIEW OF OTHER DEVICES vehicles and trailers are that there are
AND PARTS OF A VEHICLE OF given certificates for the performed
SPECIAL SIGNIFICANCE FOR technical inspection for a "upright" vehicle
even to the vehicles that do not meet the
TRAFFIC SAFETY
prescribed rulebooks and laws, ie. which
When reviewing other devices, it is
are technically defective.
particularly important to check whether:
For the preparation of this work I was
 The vehicle has all the devices, parts
helped by the technical review station
and markings prescribed for that type of
AMD Prilepec – Prilep, where I complete
vehicle;
the research.
 The motorcycle has stands for the driver
and passenger legs;
 No boards and inscriptions are placed on 1. Rulebook on technical review
2. Law on Vehicles (Official Gazette of the
the front and rear of the vehicle;
Republic of Macedonia No. 140/2008)
 The fuel filler cap of the fuel tank is
3. Rulebook on technical requirements for
located in the prescribed position and
systems, components, equipment,
dimensions, total mass and vehicle load
whether there is a stopper;
base
 The bus and trailer used for transporting
4. The photographs are made at the Station
passengers have a ventilation device;
for technical review of motor vehicles
 The bus with more than 25 seats has a
and trailers AMD Prilepec – Prilep
switch on the main circuit of the electrical 5. Law on Road Traffic Safety (Official
installation and whether it is in the
Gazette of the Republic of Macedonia
prescribed place;
No. 54)
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Introduction
Traffic is an extremely important organized
human and social activity. Life without traffic
nowadays is unimaginable. The number of
registered motor vehicles, which is growing
more and more, is significantly higher than the
number of vehicles that are out of use, which
means that the problem of traffic safety will be
more and more important for the competent
ones more and more.
In fact, statistics show that traffic accidents as
the cause of death in the world in the 1990s
were in 9th place. Persistent rising trends
indicate that by 2020, traffic accidents will be
the third cause of mortality in the world.
Safety in road traffic as a particularly important
interdisciplinary discipline requires teamwork,
primarily because of the complexity of the
problem, and also because of the everyday
needs for quick and good solutions that must be
based on the existing situation.

Structure of
pedestrians participants in traffic
accidents
The age structure is of particular interest in the
analysis of traffic accidents. By knowing the
age structure, we can determine the target
groups we want to act, and which
countermeasures can give the best results.
It is therefore important that the participants
can be accommodated according to the age
structure whose boundaries are roughly
determined on the basis of similarities, similar
ambitions and obligations, psychophysical
features and exposure to traffic.
In this way, the following age groups are
formed:
- Children aged 0-8 years,
- Children aged 9-14 years,
- An age group of 15-18 years old,
- An older age group of 19-25,
- An older age group of pedestrians of 26-35
years old,
- An adult group of pedestrians from 36 to 50
years old,
- An adult group of pedestrians of 51-60 years
-The growing group of pedestrians from 61-85,
-Adult group over 85 years.

% participation in the vehicle accident

The most endangered group are children aged 9
and 14 years.

2,13

1,75

1,36
1,07

1,11

1,02

0,98

0,89
0,07

Years of old age
Fig.1.Age structure of pedestrians suffered in
traffic accidents by years of age in Skopje

It is obvious that if they want to avoid
accidents, pedestrians must first notice the
traffic environment. One of the reasons why
children do not notice traffic is despite the
fact that their attention is not properly
targeted. The most important features that
attract attention are: intensity, repetition,
isolation, changes, news, unexpectedness.

The behavior
of pedestrians
in traffic
Counting of pedestrians passing on a
pedestrian crossing or outside it was
performed in the following cities: Bitola,
Prilep, Veles, Skopje, Kumanovo, Radovish,
Ohrid and Kocani in daily conditions from
11:00 - 17:00, and in night conditions from
18:00 - 23:00.
According to the results of this research, the
following data were obtained:
• The total number of pedestrians is 6540
pedestrians,
• The total number of pedestrians who
crossed the pedestrian crossing is 3852
pedestrians,
• The total number of pedestrians crossing
the pedestrian crossings was 2061
pedestrians,
• The total number of pedestrians who went
to the pedestrian crossing were women
1791 walkers,
• The total number of pedestrians who
passed the pedestrian crossing is 2688
pedestrians,
• The total number of pedestrians who
passed out of the pedestrian crossing were
men 1616 foot soldiers,
• The total number of pedestrians who went
beyond the pedestrian crossing were
women 1072 pedestrians.

- With obstacles on the carriageway
Vertical deviations include different types of
road interference, which is one of the best and
most reliable measures of impact on reducing
the speed of vehicles. Probably the most
widespread techniques for calming traffic are
the cops, platforms and pillows lying down.
Traditional sleeping policemen are vertical
transversal deviations along the entire width of
the road, with rounded or flat tips. Their height
is in the range of 75 to 100 mm, as it is in the
middle. This kind of bumps on the
carriageway can cause discomfort among bus
passengers, while passengers in passenger cars
do not have a significant impact. However,
sleeping policemen will not be applied in
curves or along longitudinal slopes.
Measurements carried out before and after
placing sleeping policemen in Montogermi
showed that vehicle speed dropped by 6-11 km
/ h.

Fig 2. Lying cops
-Pedestrian islands and protective
fence
In places where there is a risk of direct
pedestrian exits on the carriageway, protective
fences or some other kind of obstacles that
channel the pedestrian flows can be applied.
These fences direct the movement of
pedestrians so that pedestrians are turned face
to vehicles encountered, and thus have the
opportunity to better understand the traffic.
These special application fences have the
opportunity to better understand the traffic.
These fences have special applications in
school zones where there is a risk of running
children on the street without checking
whether it is safe to cross the street.

Techniques
and measures
to calm the
traffic
The results of some studies confirm that
pedestrian skills are still developing in
primary school.
Leonardo Da Vinci was involved in the design
of the problem of solving the aggressive
behavior of the participants in the traffic
(during the time of horsemen, chariots,
bicycles) in the 15th century, which proposed
on his drawings the monotonous separation of
pedestrian flows from the other participants in
the traffic. Measures to alleviate traffic are a
road design approach that uses physical
measures that require drivers to reduce the
speed of movement.
The main goals of calming traffic are:
• Improve traffic safety by reducing the
number of traffic accidents for all users,
especially pedestrians and cyclists, by
reducing speed;
• To increase the quality of life by
controlling the volume of traffic;
• Improve the use of vehicles.
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The suffering
of pedestrians
The suffering of pedestrians in traffic is the
result of non-compliance with the rules and
regulations on the one hand by drivers, but
often pedestrians suffer due to their own
traffic mistakes.
Many traffic accidents occur between a
vehicle and a pedestrian at night, and the most
common reasons for such accidents are the
improper use of pedestrians by the pedestrian
and the fact that the driver can hardly notice
the pedestrian in night terrain. In particular,
the driver can hardly notice the pawn in a
situation when he is blinded, that is, when his
field of vision is reduced by the light beam of
a moving vehicle.
Recommendation: Pedestrians when
traveling in noisy conditions, on a public
road, out of a populated area should wear a
reflective vest or an active light source.

Conclusion
Based on the analysis carried out in this
paper, it can be noted that children are the
most vulnerable group of participants in the
traffic.
Pre-school children do not have fully
developed psychomotor abilities, which is
why they have difficulty assessing certain
sizes.
Moreover, children do not have enough
knowledge that they need for safe traffic.
All problems can be overcome by educating
and practicing the appropriate skills.
Practical problem solving is the best way of
learning, because pedestrians tend to hear
what they forget to forget, what they see can
be memorized, but what they can do
themselves can understand it.
Pedestrians can be protect by introducing the
measures that should be taken to calm the
traffic. However, when it comes to
implementing these measures, it is necessary
to examine in more detail the way in which
their application affects the behavior of
pedestrians in traffic.
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Fig.3. Directional fences
Pedestrian islands are most appropriate to
apply in the following cases:
• Extensive two-way streets and intersections
with more intense traffic, high speed jumps
and intensive pedestrian flows.
• Wide streets where people with special
needs and children regularly cross the
street.
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Introduction
A pedestrian is “any person who is afoot or
who is using a wheelchair or a means of
conveyance propelled by human power other
than a bicycle”
(RCW 46.04.400) [1]
In today's society walking is healthy,
environmentally friendly and sustainable travel
mode. But pedestrian's interaction with a motor
vehicle can be a serious obstacle to they
movement.
The apparent state of the art includes many
innovative treatments that have been developed
in order to balance between this two modes. In
terms of control pedestrian actuated signal
control method is one of them.
A pedestrian actuated signal control method is
based on providing the priority to vehicles to
minimise the vehicle delay, while the pedestrian
phase is only activated based on their crossing
demand [2].
The aim of this research to describe the process
of developing and evaluation of actuated signal
control on a chosen pedestrian crossing in the
city of Bitola. For this process, a simulation
framework is developed using microscopic
simulator VISSIM and VisVAP.

Simulation
framework (2)
Simulation framework is tested using real
traffic data from a pedestrian crossing in the City
of Bitola. The chosen location is pedestrian
crossing located at “Vasko Karangelevski’ street
in Bitola as displayed at Fig.2.
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Simulation
setup

Results (2)

A. VISSIM model

As shown in Table 2, this solution offers
acceptable LOS of B for vehicles and pedestrians.
The average delay for vehicle flow are:
12.2 s/approach I, and 11.7 s/approach II. The
average delay for pedestrians is 14.3s.

In order to create a real simulation model,
infrastructure for pedestrians and vehicle were
created. Traffic flow and pedestrians flow are
used as we mentioned in section C. The VISSIM
model of study location is shown in Fig. 5.

Table 2. Obtained MOE
Vehicles

Average
delay
(s)

II
I

LOS

Pedestrians

Approach
I
12.2

Approach
II
11.7

14.3

B

B

B

Figure 2. Chosen location

In its immediate neighborhood is commercial
businesses and shopping center creating high
pedestrian demand and interaction between
vehicle and pedestrian. Some of the identified
problems:
 Inappropriate pedestrian control which is
related to safety and operational deficiency;
 Inadequate pavement markings and visibility;
 Pedestrian conflict with a vehicle;
 Speeding;
 Disrespected of traffic rules (Fig.3);
 Aggressive driver behavior (Fig.4).

Simulation
framework (1)
Microscopic traffic simulation tools are
increasingly being employed as an integral part of
modeling vehicular traffic and pedestrian activity
[3].
The implemented simulation framework consist
of the microscopic simulator VISSIM and VisVAP
(Vehicle actuated programming) module. The
VISSIM –VisVAP architecture is displayed in
Fig. 1.
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Figure 5. VISSIM model of study location

B. Signal data definitions
Stage base method was used for creating a
signal control. Following signal data have been
defined and corresponding parameters have been
set as is followed below:
 Signal group 1:A for vehicles with gmin = 10 s
 Signal group 2:B for pedestrians with gmin= 8 s
(with red and green sequences only)
 Intergreen matrix – safety critical values are set
as follows: interstage A B = 5 s and interstage
B A=8s
 Detectors are created for pedestrian demand and
located at pedestrian approaches
C. Logic definition in VisVAP

Actuated signal control for pedestrian crossing
is defined by VisVAP. The flow chart diagram is
presented of Fig 6.

Figure 3. Disrespected of traffic rules

Conclusion
and future
work
According to our research, we can conclude that
the developed actuated signal control at pedestrian
crossing would provide benefits the pedestrians
and drivers. We would like to point out that this
type of control of crossing would lead to
increasing the safety of the pedestrians and
decreasing the traffic jam and the wait-time for all
the traffic participants.
This research presented the preliminary
evaluation results of the proposed actuated control
logic at pedestrian crossing.
In the future research, the impacts of adjacent
intersection on performance, i.e. roundabout
should be included. Additionally, the used Moe's
will be augmented with the a number of stops and
average queue length.
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Figure 6. Created VisVAP logic

Figure 1. VISSIM- VisVAP architecture [4]
Basically, there are two types of data that are
needed for developing and testing actuated
control. It is signal data defined by Vissig and
control logic defied by VisVAP [4].
VisVAP
allows
the
flowchart-based
development and testing of traffic-actuated signal
controllers and other traffic dynamic applications
with PTV VISSIM.
Signal data are export is exported from Vissig
through *.pua file, while control logic is generated
by VisVAP through *.vap file. These two files are
input file for VAP module that interacted with
VISSIM.

Figure 4. Driver behavior

The required data for model development
includes site characteristic regarding geometry,
specific geometry features, vehicle flow, and
pedestrian flow. The data collection was obtained
through field survey and field observation was
carried out between 14:00 and 15:00 hour on a
typical weekday (Table1).
Table 1. Vehicle and pedestrian flows
Approach
I

Approach
II

PC

570

450

BUS

13

14

HV

40

23

Ped.

Results (1)
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1) Average delay and
2) Level of service (LOS).
These MOEs were obtained for vehicles and
pedestrians. Table 2 presents MOEs obtained of
the evaluation process. The simulation performed
in this research considered a period of 3600 s.
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