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EDITOR’S WORD

Dear readers,

It is my pleasure to present to you the ninth, printed and electronic issue of the “Traffic and transport theory 
and practice – TTTP” magazine with its mission to promote traffic and transport engineering, a major driver of devel-
opments in economic, social and all processes in general in the world today. This issue of the Magazine, as the issues 
before, is particularly focused on researchers who have their interests in advanced traffic and transport technologies.

The publisher – the Faculty of Traffic of Apeiron Pan-European University wishes for the Traffic and transport 
theory and practice – TTTP magazine to be a place to gather new, first of all scientific ideas that would influence the 
development of traffic and transport engineering techniques. The Magazine has provided open access to older issues 
on its website (https://apeiron-uni.eu).

In regards to that, the Magazine has open access that provides wider population of researchers to publish and 
protect the copyright of their papers. 

Editor-in-Chief
Prof. Danislav Drašković, PhD Eng. 
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ORIGINAL SCIENTIFIC PAPER

Influence of Geometric Elements of Roundabouts on 
Speed at the Approach
Slavko Davidović
Pan-European Apeiron University, Faculty of Transport and Traffic Engineering Banja Luka

Spasoje Mićić
Pan-European Apeiron University, Faculty of Transport and Traffic Engineering Banja Luka

Srećko Stanković
City of Banja Luka, Department of Traffic and Roads

Abstract: Research conducted in recent decades has shown that there are significant variations in speed 
at roundabouts depending on the geometric elements. Due to the characteristics of roundabouts and 
the way vehicles move, there is a reduction in speed, not only in the roundabout zone, but also at the 
approaches to the roundabout. This paper analyzes the influence of different types of roundabouts as 
one of the elements of the street system, on speed as one of the basic parameters of traffic flow that 
defines the functionality and quality of traffic conditions. The research of speeds was done on the ap-
proaches to the roundabout, as one of the characteristic segments of the roundabout.

Keywords: roundabout, speed, approach, geometric elements.

INTRODUCTION

Roundabouts are increasingly being part of the city’s ar-
teries, and their impact on traffic conditions is specific 
compared to other types of intersections. Compared to 
other types of intersections, roundabouts, due to their 
specific geometry, significantly affect the speed of traf-
fic flow for all movements and maneuvers, on all ap-
proaches. Ever since the first scientific and professional 
papers, the functional connection between the geometric 
and constructive characteristics of the functional parts of 
the road and street network and the speed of traffic flow 
(HCM, 1950), and thus the conditions of traffic, has been 
established (Bogdanović, V., 2005). 

Many papers have investigated the relationships 
between certain geometric characteristics of round-
abouts and average speed, which they defined as the 
average value of input speed, speed at the roundabout 
and output speed (Chen, Y., Persaud, B., Lyon, C., 2011), 
(Akçelik, R., 2011), (Almoarawi M., D. E., 2018), (Bezina, 
Š., Dragičević, V., Stančerić I.,, 2019)

The connection between the geometric character-
istics of roundabouts, speed and capacity, traffic flow 
parameters and traffic conditions has been confirmed in 
many studies (Davidović S., Bogdanović V., Garunović 
N., Papić Z., Pamučar D., 2021) (Vincenzo, G., Rosolino, 
V., Teresa, I., 2014), (Rodegerdts, L., Bansen, J., Tiesler, 
C., Knudsen, J., Myers, E., Johnson, M., & O’Brien, A., 
2010). The combination of the influence of geometric 

elements, traffic flow parameters and driver behavior 
makes the conditions of traffic at roundabouts very com-
plex with significant variations in speed and other traffic 
flow parameters.

Speed is one of the basic parameters defined in sim-
ulation models in order to describe as much as possible 
the real conditions of traffic at roundabouts (Nikolic, 
G, Pringle, R., Bragg, K., 2010), (Gallelli, V., Vaiana, R., 
Iuele, T.,, 2014)

There is no methodology for calculating traffic flow 
parameters, capacity and service levels related to the part 
of the street network where the conditions of uninter-
rupted traffic flows prevail (Highway Capacity Manual, 
2010) in which the influence of the geometric elements of 
the road is not included and valorized through various 
parameters.

The main goal of this research is to define and mod-
el the influence of geometric characteristics of round-
abouts on the speed of vehicles at the approach to the 
roundabout.

In order to realize the goal, research was conducted 
in the real conditions of traffic, and the dependence be-
tween the geometric characteristics of roundabouts and 
the speed of traffic flow at the approaches to the round-
about was analyzed and defined.

Data collection was done by recording the real traf-
fic flow at four roundabouts (picture 1) in the urban area 
of the city of Banja Luka (Republika Srpska - Bosnia and 

Received: April 18, 2022
Accepted: May 3, 2022
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Herzegovina). The roundabouts where the research was 
done belong to the roundabouts of medium size and 
large city roundabouts. 

4 roundabouts with different geometric character-
istics were selected:R1 Aleja svetog Save – Gundulićeva 
(picture 2); R2 Majke Jugovića – Bulevar Desanke 
Maksimović (picture 3), R3 Patre – Isaije Mitrović (pic-
ture 4) i R4 Bulevar Stepe Stepanovića – Bulevar Petra 
Bojovića (picture 5). During the research, it was sunny 
weather with a temperature of 15-35 ºC, without fog, 
rain, strong wind and other unfavorable climatic condi-
tions, the road was dry and without damage, without 
situations that would affect the flow of traffic.

Picture 1. Positions of analyzed roundabouts on the street network of the city of Banja Luka

Picture 2. R1 Aleja svetog Save – Gundulićeva

Picture 3. R2 Majke Jugovića – Bulevar Desanke Maksimović

Pisture 4. R3 Patre – Isaije Mitrović
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Table 1. data on GPS position of roundabouts

Position of roundabouts 
in WGS-84 coordinate 
system

R1 R2 R3 R4

Latitude
Longitude

44.773963
 17.199593

44.762172
17.201245

44.765897
17.187834

44.766366
17.209049

Traffic recording was done by the “DJI Mavic 2 
Pro” drone. The created video material has a frequency 
of 24 fps and is processed by the software “Data From 
Sky” which enables marking of reference lines, analysis 
of the movement of objects (vehicles) on the image and 
review of the image by sequences with an accuracy of 
approximately 0.042 seconds.

By viewing the videos, two categories of vehicles 
were formed: vehicles that were obstructed and those 
that were not obstructed. Obstructed vehicles are those 
that had to stop at the approach to the roundabout (sig-
nificantly reduce speed, below 10 km / h) for the follow-
ing reasons: 

-- In front of the pedestrian crossing due to pedes-
trians,

-- Before the entrance due to the traffic situation in 
the circulation zone. 

Vehicles were also considered obstructed if they 
stopped at the exit from the roundabout due to pedestri-
ans or other reasons (for example due to another vehicle 
that stopped due to pedestrians).

Tables 2 and 3 show the approach speed character-
istics (S_app), for unobstructed (CON) and obstructed 
vehicles (DIS).

Based on the results of previous research and field 
observations, fourteen geometric parameters have been 
identified that could potentially affect vehicle speed:
En_lane -- Parameter that defines the movement of 

the vehicle on the approach, entrance to the 
circle, roundabout and exit;

N_lne -- Number of traffic lanes on the approach;
W_lne -- Width of the traffic lane at the approach 

(m);
W_en -- Entrance width (m);
R_en -- Radius of entrance (m);
D1 -- External diameter of the roundabout (m);
D2 -- Diameter of the central island (m);
N_cr -- Number of traffic lanes in the roundabout;

Pisture 5. R4 Bulevar Stepe Stepanovića – Bulevar Petra Bojovića

Table 2. Characteristics of approach speed (S_app), unobstructed vehicles (CON)

INT APP N Mean SE Mean StDev Min Q1 Med Q3 Max

R1

1 - - - - - - - - -

2 5 23,46 2,87 6,41 18,7 19,00 20,28 29,52 34,04

3 8 25,23 0,87 2,46 22,07 23,44 24,64 27,14 29,74

4 - - - - - - - - -

R2

2/1 26 32,08 0,96 4,91 19,42 28,95 31,97 35,25 41,46

2/2 48 30,52 0,88 6,08 20,10 26,30 30,95 33,55 50,84

4/1 22 34,48 1,18 5,54 24,68 29,51 34,91 38,74 42,99

4/2 20 32,87 1,21 5,38 24,21 28,60 32,77 36,70 44,30

R3

1 14 28,71 1,28 4,77 19,28 24,72 29,81 32,20 35,36

2 16 26,08 1,12 4,48 18,84 22,19 26,99 28,21 36,53

3 26 22,44 0,56 2,88 18,07 20,38 21,72 24,19 30,14

4 8 21,18 1,19 3,38 16,87 18,48 20,39 24,05 27,03

R4

1/1 21 34,22 0,71 3,25 28,22 31,49 34,58 36,98 40,77

1/2 25 36,34 0,97 4,84 24,08 33,97 35,94 39,48 45,49

2 23 26,71 0,75 3,62 22,01 24,39 26,52 28,25 38,34

3/1 8 29,85 2,08 5,88 24,08 24,76 28,25 35,02 39,50

3/2 18 30,87 1,33 5,63 21,79 27,23 3013 33,62 43,51

4/1 15 28,49 1,21 4,67 21,84 23,02 29,27 32,72 35,34

4/2 25 29,12 0,80 4,00 22,21 26,73 28,85 31,00 40,49
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W_lnc -- Width of the traffic lane in the roundabout 
(m);

W_cr -- Road width in a circle (m);
N_lnx -- Number of traffic lanes on the exit branch 

to which the observed vehicle flow exits;
W_lnx -- Width of the traffic lane on the exit branch 

to which the observed vehicle flow exits 
(m);

W_ex -- Width of the exit at which the observed 
flow of the vehicle exits (m);

R_ex -- Exit radius at the exit branch where the ob-
served vehicle flow exits (m);

In tables 4., 5., 6. i 7., the geometric elements of 
roundabouts are shown.

Table 3. Characteristics of approach speed (S_app), obstructed vehicles (DIS)

INT APP N Mean SE Mean StDev Min Q1 Med Q3 Max

R1

1 7 16,48 2,89 7,66 9,62 11,61 15,23 18,72 32,48

2 33 14,20 0,63 3,60 7,79 11,45 14,74 16,16 21,29

3 14 18,16 1,34 5,00 9,69 13,42 17,74 21,87 26,30

4 16 11,87 0,76 3,04 7,29 8,96 12,19 14,08 17,29

R2

2/1 42 24,57 0,73 4,74 16,09 20,71 24,90 26,90 36,46

2/2 43 23,92 0,98 6,83 10,79 19,37 24,00 29,20 34,98

4/1 40 28,33 0,91 5,77 16,50 24,07 28,56 33,23 39,23

4/2 39 27,70 0,89 5,58 14,86 24,33 28,00 30,60 41,67

R3

1 21 23,60 0,93 4,27 17,36 18,88 24,56 26,95 30,95

2 24 21,34 1,29 6,31 9,44 17,97 20,98 25,54 32,95

3 48 15,55 0,51 3,55 8,21 12,59 15,47 18,85 22,06

4 23 17,37 0,46 2,21 13,06 15,85 17,37 19,36 21,43

R4

1/1 20 28,89 1,58 7,06 17,03 22,49 30,27 33,35 43,54

1/2 27 24,13 1,11 5,79 14,66 19,75 21,48 29,41 39,47

2 30 19,38 1,07 5,83 7,38 15,75 18,56 23,71 31,02

3/1 11 26,08 1,14 3,77 15,99 24,67 27,65 28,16 29,29

3/2 22 25,42 1,22 5,74 7,64 21,9 25,45 29,34 32,84

4/1 13 22,67 1,42 5,11 8,95 20,76 22,62 26,58 29,42

4/2 13 22,45 0,85 3,07 19,25 19,93 21,09 25,79 27,75

Table 4. Geometric parameters of the roundabout R1: Gundulićeva – Aleja svetog Save

R1 – Gundulićeva – Aleja svetog Save

General geometric 
characteristics

External diameter of the roundabout (m) 33,6

Diameter of the central island (m) 22,0

Road width in a circle (m) 5,8

Number of traffic lanes in the roundabout 1

Width of the traffic lane in the roundabout (m) 5,8

Geometric characteristics of the approach
Approach

1 2 3 4

Number of traffic lanes on the approach 1 1 1 1

Approach
Width of the approach (m) 3,6 3,6 5,0 3,6

Width of the traffic lane at the approach (m) 3,6 3,6 5,0 3,6

Entrance
Entrance width (m) 5,0 5,2 5,3 5,0

Width of the traffic lane at the entrance (m) 5,0 5,2 5,3 5,0

Radius of entrance (m) 14,0 21,2 15,0 20,0

Entrance angle ( 0 ) 26,9 20,9 28,7 25,3

Exit
Exit width (m) 5,3 4,6 5,5 5,0

Number of traffic lanes on the exit 1 1 1 1

Width of the traffic lane at the exit (m) 4,0 3,6 4,5 3,6

Radius of exit (m) 16,9 17,4 23,3 22,1
Dividing island width (m) 1,8 2,9 3,0 2,6
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Table 5. Geometric parameters of the roundabout R2: Majke Jugovića – Bulevar Desanke Maksimović

R2 – Majke Jugovića – Bulevar Desanke Maksimović

General geometric 
characteristics

External diameter of the roundabout (m) 33,0

Diameter of the central island (m) 16,0

Road width in a circle (m) 8,0

Number of traffic lanes in the roundabout 2

Width of the traffic lane in the roundabout (m) 4,0

Geometric characteristics of the approach
Approach

1 2 3 4

Number of traffic lanes on the approach 2 3 2 2

Approach
Width of the approach (m) 7,0 9,8 6,4 7,5

Width of the traffic lane at the approach (m) 3,5* 3,4+3,4+3 3,2* 3,75*

Entrance
Entrance width (m) 7,4 13,0 7,6 7,6

Width of the traffic lane at the entrance (m) 3,7* 3,7+3,7+5,6 3,8* 3,8*

Radius of entrance (m) 12,6 15,8 15,9 12,3

Entrance angle ( 0 ) 23,8 21,8 50,7 42,2

Exit
Exit width (m) 7,6 8,2 9,2 7,2

Number of traffic lanes on the exit 2 2 2 2

Width of the traffic lane at the exit (m) 3,5* 3,6* 3,2* 3,4*

Radius of exit (m) 12,0 14,2 14,0 18,2

Dividing island width (m) 1,2 3,1 1,1 4,6

* traffic lanes of the same width

Table 6. Geometric parameters of the roundabout R3: Patre, Cara Lazara – Teodora Kolokotronisa, Isaije Mitrovića

R3 – Patre, Cara Lazara – Teodora Kolokotronisa, Isaije Mitrovića

General geometric 
characteristics

External diameter of the roundabout (m) 43,0

Diameter of the central island (m) 31,0

Road width in a circle (m) 6,0

Number of traffic lanes in the roundabout 1

Width of the traffic lane in the roundabout (m) 6

Geometric characteristics of the approach
Approach

1 2 3 4

Number of traffic lanes on the approach 1 1 1 1

Approach
Width of the approach (m) 4,6 4,6 4,1 4,3

Width of the traffic lane at the approach (m) 4,6 4,6 4,1 4,3

Entrance
Entrance width (m) 5,1 4,7 5,9 5,1

Width of the traffic lane at the entrance (m) 5,1 4,7 5,9 5,1

Radius of entrance (m) 15,4 13,4 21,6 15,2

Entrance angle ( 0 ) 35,3 25,8 31,0 33,8

Exit
Exit width (m) 5,4 4,7 5,5 4,7

Number of traffic lanes on the exit 1 1 1 1

Width of the traffic lane at the exit (m) 4,3 4,5 4,1 4,3

Radius of exit (m) 18,4 22,5 15,0 62,2

Dividing island width (m) 3,4 11,5 3,9 8,4
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FORMATION OF THE MODEL OF THE AVERAGE 
FLOW SPEED AT THE APPROACH (S_APP)

In accordance with the analysis that was done, the model 
of speed S_app was formed:

Average fl ow speed at the approach 
(km/h);
- Type of vehicle passage (1 - fl ows of 
unobstructed vehicles; 0 - fl ows of ob-
structed vehicles);

Number of traffi  c lanes on the approach;
Width of the traffi  c lane at the approach 
(m);

Entrance width (m);

Radius of entrance (m);

The obtained regression has a derivation coeffi cient 
R2 = 90.19%. The corrected coeffi cient of determination 
R2 (adj) = 88.56%, while the predictive coeffi cient of de-
termination is R2 (pre) = 85.95%. The standard regres-
sion error of the speed model S_app is S = 2.00 (km / 

h). Based on the summary parameters of the model, it 
can be concluded that the determined equation very well 
describes the dependence of the speed S_app and the se-
lected predictors.

The analysis of the residues determined that they 
were randomly distributed around the line representing 
the regression curve. Residuals agree with the normal 
distribution (AD = 0.146; P-value = 0.965). The mean re-
sidual value is very close to zero and is 6.414622E-15. The 
following fi gure shows a graphical representation of the 
residuals of the velocity model S_app.

Table 7. Geometric parameters of the roundabout R4: Bul. Desanke Maksimović – Bul. VojvodeStepe Stepanovića

R4 – Bul. Desanke Maksimović – Bul. Vojvode Stepe Stepanovića

General geometric 
characteristi cs

External diameter of the roundabout (m) 57,2

Diameter of the central island (m) 34,8

Road width in a circle (m) 9,4

Number of traffi  c lanes in the roundabout 2

Width of the traffi  c lane in the roundabout (m) 4,7

Geometric characteristi cs of the approach
Approach

1 2 3 4

Number of traffi  c lanes on the approach 2 1 2 2

Approach
Width of the approach (m) 7,2 4,3 7,4 7,6

Width of the traffi  c lane at the approach (m) 3,6* 4,3 3,7* 3,8*

Entrance
Entrance width (m) 8 4,2 8,4 9,2

Width of the traffi  c lane at the entrance (m) * 4,2 4,2* 4,6*

Radius of entrance (m) 23 17,9 20 23,7

Entrance angle ( 0 ) 43,4 31,9 35,9 28,0

Exit
Exit width (m) 9,4 4,7 9,4 5,8

Number of traffi  c lanes on the exit 2 1 2 1

Width of the traffi  c lane at the exit (m) 3,6 4 3,7* 3,8

Radius of exit (m) 26,9 20,2 26,2 20,2

Dividing island width (m) 2,6 6 3,6 4,1

*traffi  c lanes of the same width

Picture 6. Residual from the speed model S_app
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CONCLUSION
At the beginning, roundabouts were mainly used on the 
secondary street network, but due to the positive effects 
of use, they quickly began to be used on the main city ar-
teries. For the needs of traffic planning and regulation, as 
well as in operational and planning analysis, the effects 
of roundabouts are analyzed using classical methods, 
without taking into account the specific traffic conditions 
generated by geometric elements of roundabouts. Many 
studies since the end of the last century have shown in an 
objective way that roundabouts affect the speed of traffic 
flow.

The research in this paper was focused on the analy-
sis of the influence of roundabouts and its basic geomet-
ric elements on the change of speed at the approaches 
to the roundabout. The research was done in real traffic 
flow at four roundabouts with different geometric ele-
ments. The influence of the geometry of roundabout ele-
ments has been the subject of various studies, but in this 
paper, in addition to geometric elements, the influence 
of traffic flow, ie interaction with other vehicles at the 
roundabout, ie interference resulting from interaction. 
After the formation of the database of characteristic ve-
locities, 14 geometric parameters of the roundabout were 
defined, which could potentially have an impact on the 
speed on the segments of the roundabout, as well as the 
mutual influence of speed.

With multiple regression analysis, a model was 
formed for calculating the average speed of traffic flow 
at the approach to the roundabout, which shows the type 
of arrival, number of traffic lanes at the approach, width 
of the traffic lane at the approach, entrance width and en-
trance radius. Further research on speeds at roundabout 
approaches should focus on a wider area of roundabout 
approaches than the one covered by the analysis in this 
paper.
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THE PROBLEM AND OMISSIONS OF THE 
EXISTING SYSTEM IN THE CALCULATION OF 
BONUSES AND MALUS
Insurers are currently using the Microsoft Excel spre-
edshet when searching. Based on any data found (inci-
dents) about the vehicle and the insured, the bonus and 
malus are determined. This system does not take into ac-
count all the statutory provisions of the Insurance Super-
vision Agency. Current legal provisions are defined and 
can be found on the portals of the Insurance Agency in 
BiH - http://www.azobih.gov.ba/ and insurance agen-
cies in RS –http://www.azors.rs.ba/azors/index.html.

The book of incidents is updated periodically, once 
a month, where each insurance company updates its 
own data related to damages and incidents. After col-
lecting, migrating and updating the data, the insurance 
company sends the collected data by email or CD to the 
central insurance agency. Insurance agencies migrate all 
data into one file and send back updated data to each 
insurance company via email or CD.

After several years of using this system for determin-
ing malus and bonus, it turned out that there are a number 
of omissions and problems in this system such as:

•	 Fields in Microsoft Excel are not formatted, so 
data related to damage cannot be found and 
compared accurately and easily. For example, the 
date of occurrence of the damage is not the same 
format in all insurance companies. In some insur-

ance companies date format is DD.MM.YYYY 
and in some MM.DD.YYYY or DD.MM.YY.

•	 Data in Microsoft Excel is not standardized. For 
example, the record related to repaid damages is 
defined differently in each insurance company. 
In some insurance companies, if the insured re-
pays the damage, the damage record is deleted 
from the book of incidents, while in other insur-
ance companies this record is left in the book of 
incidents with the comment that the damage has 
been redeemed. 

•	 The possibility of an error in the data search as 
well as the untrainedness of the insurers who 
is performing the search. For example, driver 
information may appear in several places but 
entered differently. In some cases, the data is 
entered in format of first name and last name, 
and in other cases, in format of last name and 
first name.

•	 When searching for data, it is impossible to take 
into account and process all inquiries and checks 
prescribed by the Insurance Agency in legal pro-
visions.

•	 There is no possibility of automatic data search 
or automatic determination of bonuses and ma-
lus from database. Therefore, it is impossible to 
determine the exact bonus and malus when buy-
ing a policy online as well as other automated 
systems.
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LEGAL PROVISIONS OF THE INSURANCE 
SUPERVISION AGENCY

Legal provisions are defined in the conditions for ensur-
ing the owner or user of motor vehicles against liability 
for damages caused to third parties.

Premium reduction terms and conditions (Bonus)
If the vehicle has been insured for at least one year 

and if at that time there was no reported damage for 
which the insurer paid compensation or at the time of ex-
tension of the insurance the damage was not in liquida-
tion (hereinafter reported damage) the insured is entitled 
to a discount for that vehicle in the following insurance 
year in the amount of:

•	 -10% if no damage was reported in the previous 
insurance year

•	 -20% if no damage has been reported in the past 
two consecutive years of insurance

•	 -30% if no damage has been reported in the past 
three consecutive years of insurance

•	 -40% if no damage has been reported in the past 
four consecutive years of insurance

•	 -50% if no damage has been reported in the last 
five or more consecutive years of insurance

The provisions of these above percentages apply to 
policyholders who have up to five insured vehicles.

An insured person who has acquired the right to a 
discount of more than 50% under the previous premium 
system retains that right until the first claim in the sense 
of the previous paragraphs or until the loss of the right to 
a bonus on some other basis.

An insurance company who has concluded insur-
ance with a duration of at least one year for six or more 
vehicles, where the ratio of claims paid to premiums 
paid in the past three calendar years is less than 68%, 
calculates a premium discount for the next insurance pe-
riod of half (50%) of the difference between 68% of the 
percentage of the realized relationship. An insurance 
contractor who has not paid a claim in the past 3 calen-
dar years is entitled to a 50% bonus.

Terms and legal provisions for premium increase 
(Malus)
a.	 An insurance company who has concluded in-

surance with a duration of at least one year for 
5 vehicles, the premium for the next insurance 
year is increased, if in the previous insurance pe-
riod two or more damages were reported based 
on his insurance.

Premium increase is:
•	 + 50% for two reported damages
•	 + 80% for three reported damages

•	 + 120% for four reported damages
•	 + 200% for five or more reported damages

And that for the vehicles that caused the damage, 
that is, for the vehicles that replaced them.

b.	 An insurance company who has concluded in-
surance with a duration of at least one year for 
6 or more vehicles, where the ratio of paid dam-
age to paid premium in the past 3 calendar years 
was more than 110%, calculates the premium 
(malus) on the premium in the percentage equal 
to half of the difference between the realized ra-
tio and 110%, provided that the allowance may 
not exceed 85%.

Other provisions on bonus and malus
The following provisions also apply when contract-

ing insurance premiums for insured persons who have 
insured vehicles:

a.	 If the insured had concluded insurance with a 
duration of less than one year, this insurance is 
not taken in the next year of insurance as a ba-
sis for granting a discount, regardless of the fact 
that no damage was reported.

b.	 If the insured had reported one damage in the 
previous period, then in the next insurance year 
he loses the right to the bonus in full.

c.	 viii. It is considered that the damage is not re-
ported if it is liquidated within 3 years without 
compensation or is reimbursed in full on any 
basis, if the insured compensates the damage, 
if the damage is caused by a driver who drives 
a vehicle without authorization of the owner-
insurer or is not families of the insured driver.

d.	 If the insurance was terminated, the insured is 
entitled after the insurance terminated for the 
same vehicle or the vehicle he replaced, the right 
to the same bonus if termination of insurance 
occurred before the end of the insurance year 
and if the termination did not last longer than 
two years. If there was a termination of insur-
ance after the end of the insurance year in which 
no damage was reported, and the damage was 
not reported in the period of termination of in-
surance, the insured is entitled to a bonus as if 
the termination provided that the interruption 
did not last longer than two years. In all other 
cases, after the termination of the insurance, the 
insured loses the right to the bonus, ie the pre-
mium is calculated in terms of the relevant pro-
visions on malus as if there was no termination.

e.	 In the case of stolen insured vehicle, the right to 
the bonus payment is not transferred to the new 
owner or new user of the vehicle, except when 
transferring ownership of the vehicle to a close 
family member, whether it is a transfer of own-
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ership of the same vehicle or purchase of a new 
vehicle.

f.	 If the insured driver, after the vehicle demage, 
sale, etc., of the previously insured another vehi-
cle, the realized right to the bonus, ie the obliga-
tion to pay the malus, passes to this other vehicle 
if it is a vehicle from the same premium group, 
the bonus is calculated from the insurance pre-
mium for the new vehicle.

g.	 Replacement of destroyed, sold, etc. vehicles 
must be completed within two years.

h.	 An insured person who has earned the appro-
priate bonus and purchased another vehicle 
from the same premium group does not have to 
sell the first vehicle in order to earn the same bo-
nus with the newly purchased vehicle.

i.	 If an insured driver loses the bonus on one of 
the two vehicles because he caused damage to a 
third party, the insured retains the already rec-
ognized bonus for the vehicle with which he did 
not cause damage to a third party.

j.	 The insured is entitled to a bonus, i.e., the malus 
will be calculated on the basis of insight into the 
previous policy of another insurer, written state-
ments of the insured on the previous duration of 
insurance and the number of consecutive years 
without damage and insight into the insurer’s 
records of damages.

Determining the insurance premium for insured 
persons who have concluded insurance for six or more 
vehicles.
a.	 Bonus, ie malus on these bases is also calculated 

on vehicles purchased by the insured in the cur-
rent insurance year.

b.	 In the event of termination of insurance and 
re-conclusion of the insurance contract, the in-
surance contractor with 6 or more vehicles is 
charged a bonus or malus based on the result 
of the last three calendar years of insurance. If 
the interruption lasted more than 2 years, a pre-

mium without bonuses and malus is calculated.
c.	 The joint stock company-insurer does not have 

data on damages and changes for at least 3 pre-
vious years of insurance because the policyhold-
er was not previously insured for a sufficiently 
long period, then to determine the bonus and 
malus use available data for two years and one 
year insurance.

d.	 The paid claims, which is placed in relation to 
the collected premium, must be reduced by the 
amount of collected recourses on any basis be-
fore calculating this ratio.

e.	 In the case of an insured person with 6 or more 
insured vehicles, the calculation of the bonus or 
malus is performed on the basis of a single ratio 
of paid claims and collected premium for all his 
insured vehicles.

f.	 The provisions on determining the premium de-
pending on the technical result shall apply only 
to policyholders who are 31.12. in the past calen-
dar year had insured more than 5 vehicles.

g.	 The insurer and the policyholder have the right 
to request a recalculation of the bonus or malus 
if he subsequently determined that the calcula-
tion was based on claims that are unfounded. 
Automation of the process of calculating the bo-
nus and malus

AUTOMATE THE BONUS AND MALUS 
CALCULATION PROCESS
The process of automating the calculation of bonuses 
and malus can be automated by the user (insurance com-
pany) entering certain data about the vehicle, the insured 
driver, the previous policy as well as other necessary in-
formation that will be used to view the insurer’s records 
of damages.

Examples of data currently available to insurance 
companies

Sarajevo Insurance company

Jahorina Insurance company
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As can be seen in the attached data, each insurance 
company uses a different date / time format as well 
as the data in the last column ‘Napomena’ where it is 
impossible to determine the status of the incident. The 
possibility of error in searching for data and information 
necessary for calculating bonuses and malus is high.

The second problem is calculating bonuses and ma-
lus. The accuracy of the calculated data is directly related 
to the ability and experience of the insurance company’s 
staff.

Existing system - definition of columns in the spread-
sheet

XCel columns Description

XCel columns Description

Incident number Incident number in the Insurance Company

Damage number Damage number in the Insurance Company

Damage date reported Date of damage reported

Damage date Date of damage

Insured-policyholder
Name and surname / company name

Insured-policyholder
Name and surname / company name

JMBG/JIB – policyholder Policyholder JMBG/JIB

Vehicle type Details of the vehicle involved in the incident

Vehicle registration Vehicle registration number

Damages claim driver
Name and surname / company name

Driver to claim damages
Name and surname / company name

JMBG/JIB - Damages claim driver Damages claim driver JMBG/JIB

Driver who drove the vehicle The person who drove the vehicle

Insurance policy number Insurance policy number in Insurace company

Vehicle chassis Vehicle chassis number

Amount of damage Amount of damage in KM

Comments Incident comments

New system proposal
1.	 Designing a database (hereinafter DB) and de-

fining DB objects.
2.	 Design a process to transfer data from Xcel 

spredsheet to DB.
3.	 Designing and defining parameters for entering 

the necessary information for the calculation of 
bonuses and malus.

4.	 Designing the process for calculating bonuses 
and malus based on the entered parameters (In-
put).

5.	 Design and method of displaying output param-
eters to the user (Output).

6.	 Database - Data base design

Database design
SQL Server 2012 Management studio will be used 

to design DB structure and other DB Objects.
DB name: INSURANCE DB schema name: AUTO
DB TABLES:

Table name Description

InsuranceProvider Insurer – Insurance Company

IncidentStageDetail Progress and incident resolution

IncidentStage Possible progress of the incident

IncidentOsiguranik Insured details

IncidentClaimDriver Details of damage claim driver

IncidentDriver Incident driver

IncidentComment Incident comments

IncidentVehicle Vehicle details

InsuranceProvider

The InsuranceProvider table contains all registered 
and active insurance companies. A list of all insurance 
companies can be found in AZOBiH and AZORS. Insur-
ance Agency in BiH - http://www.azobih.gov.ba/

RS Insurance Agency – http://www.azors.rs.ba/
azors/index.html

IncidentVehicle

IncidentVehicle table contains information about the 
vehicle that participated in the damage. The owner of 
these vehicles is a natural or legal person who is a par-
ticipant in the incident and the damage.

IncidentInsuredDriver

IncidentInsuredDriver table contains information 
about the natural person who drove the vehicle and was 
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a participant in the incident and damage 

IncidentClaimDriver

IncidentOstecen table contains data on the natural 
person who was a participant in the incident (the so-
called third party).

IncidentDriver

IncidentDriver table contains information about the 
individual who was driving the vehicle at the time of the 
incident and the damage done.

IncidentComment

IncidentComment table contains notes and com-
ments related to the incident and damage.

IncidentDetail

IncidentDetail table ontains information about the 
incident and the damage.

IncidentStage

IncidentComment table contains static data on pos-
sible types of progress.

IncidentStageDetail

IncidentComment table sadrži podatke o progresu 
rješavanja incidenta.

IncidentComment table contains information on the 
progress of resolving the incident.

Database diagram and relationships between tables
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FRONT-END APPLICATION (APPLICATION 
DESIGN)

User Registration, Sign-In and Login

New user registration

Registration of a new user is a condition that the 
user of the application can access and use the applica-
tion. When creating a ‘username’ and password, the user 
must have an active email address which will also be a 
‘username’. To register, the user should click on the ‘Reg-
ister’ button:

The registration of a new user requires the follow-
ing mandatory fields:

a.	 Email
b.	 Password
c.	 Confirm new password
d.	 I accept the privacy policy and terms of use

Field Field description Fild type Required field

Email Email address must be active Data field YES

Password
The password must have at least 
one uppercase letter, one number 
and the rest of the letters.

Data field YES

Confirm new 
password It must be the same as Password Data field YES

I accept the privacy 
policy and terms 
of use

The user must click on the check 
box to accept the privacy policy and 
terms of use which can be read if 
the user clicks on the link below.

Check box YES

When the user clicks on ‘Continue’ the application 
will send an email to the user’s address to activate the 
registration.

When the user clicks the middle button, the regis-
tration is complete and the user can use the application.

User login (log-in)
To log in, the user needs to feel requested fields and 

click on the ‘Log in’ button.

User registration fields:
Field Field description Fild type Required field

Email Email address Data field YES

Password Password registered through activation app Data field YES

When the user logs in, the application will auto-
matically recognize which insurance company the user 
belongs to and where the details of the incidents and 
damages will be related.

Register

Register

Sign in
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Cumulative Incident Book- Window for incident entry 
(damages)

All fields shown in the figure above for entering in-
cident (damage) data must be the same as the fields in the 
database where each field must have the same data-type 
and length.

The status of the incident can be changed and each time 
a new status is saved in the table: IncidentStageDetail. JIMBG 
/ JIB where the field-type numeric length is 13 digits long.

The Status could be:
•	 REGISTERED
•	 REJECTED
•	 REDEMPTED
•	 REGRESSED
•	 IN PROCESS
Processes when entering data in the Cumulation 

Incident Book:

1.	 The user of an insurance company may create, 
change and list all incidents, but only incidents 
related to his own insurance company.

2.	 When the user enters the data on the incident 
(damage) for the first time, the status will not be 
displayed on the window ‘Cumulative incident 
book’. The system will automatically assign the 
status ‘LOGIN’.

3.	 Change (update) incident data is possible only if 
the incident is in the status ‘REPORTED’.

4.	 Only when the status of the incident is ‘REPORT-
ED’ is it possible to change (update) all the data in 
the fields except the Status of the incident.

5.	 Search for the incident is possible through:
a.	 Damage number
b.	 Date of input (from date to date)
c.	 Date of incident (from date to date)
d.	 Name of the insured or JMBG / JIB
e.	 Name of the third party or JMBG / JIB
f.	 Insured policy number
g.	 Vehicle / chassis registration number

When an incident is found, a new window will al-
low user to change the status of the incident.

6.	 Incident-related data cannot be changed if the 
status changes from status ‘REPORTED’.

7.	 The new Incident Status is linked to the incident 
with the user’s name and date of incident.

8.	 It is not possible to change the incident back to 
the status ‘REPORTED’.

9.	 The system will automatically archive incidents 
and damages that are more than 5 years old from 
the date of the incident from the search date for 
incidents and damages in the Incident book.

REPORTS
Reports are usually made at the request of the user of 
the application with the principles to show the necessary 
results that are important for the further implementation 
of the process or presentation.

Damage report - IncidentReport_1
This report presents data on the damage found in 

the book of pests with the status ‘REJECTED’.

Incident progress report (damage)– IncidentReport_2
This report presents data on the damage found in the Incident book including all incident statuses.
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PROCESSES AND FLOW CHART (DIAGRAM) FOR CALCULATING MALUS AND BONUS
Process description and diagrams
Since AZOBiH and AZORS plan to exclude legal obligations for 6 or more vehicles, the process of calculating 

malus and bonus in this case will not be considered.
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Bonus and Malus Calculation - Window for entering 
insured data and other necessary details for calculat-
ing malus and bonus

The type of insured person can be a person or a le-
gal entity. If he is a person, then it is necessary to enter 
the JMBG number, otherwise the JIB number.

Collection of necessary data for bonus and malus 
calculation
The default will be the ‘radio button’ - Yes.
If the user clicks on the ‘push-button’ - Continue, 

the ‘pop-up’ window “IQUIRY 1” opens

a)	 IQUIRY 1

b)	 DATA 1
If in the window “IQUIRY 1” the user selects ‘Yes’

After the window “DATA 1”, the data in Incident 
book is searched and based on the found data, the calcu-
lation of the Bonus and Malus is performed.

c)	 IQUIRY 2
If in the window “ IQUIRY 1” the user selects “No”.

d)	 DATA 2

If the user has selected ‘Yes’ then the ‘pop-up’ win-
dow ‘DATA 2’ opens.

After the ‘pop-up’ window “DATA 2” the ‘pop-up’ 
window “IQUIRY 3” opens.

e)	 IQUIRY 3

If the answer is ‘Yes’, the data in the Incident book 
is searched and based on the found data, the calculation 
of Bonus and Malus is performed. If the answer is ‘No’, 
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then the Bonus is zero (0) and the Insured is not entitled 
to the Bonus. In addition, the data in the incident book is 
searched and based on the found data, the calculation of 
Malus is performed.

f)	 IQUIRY 4

If the answer is ‘No’ in IQUIRY 2 then a new query 
‘IQUIRY 4’ appears.

If the answer is ‘No’, then the Bonus is zero (0) and 
the Insured is not entitled to the Bonus. In addition, the 
data in the incident book is searched and based on the 
found data, the calculation of Malus is performed.

If the answer is ‘Yes’ then the ‘pop-up’ window 
“IQUIRY 5” opens.

g)	 IQUIRY 5

If the answer is ‘No’, then the Bonus is zero (0) 
and the Insured is not entitled to the Bonus. In ad-
dition, the data in the incident book is searched and 
based on the found data, the calculation of Malus 
is performed. If the user has selected ‘Yes’ then the 
‘DATA-2’ pop-up window opens. After the window 
“DATA 2”, the data in the incident book is searched 
and based on the found data, the calculation of Bonus 
and Malus is performed.

CONCLUSION 
This scientific work (document) defines and summarizes 
the shortcomings in the existing system of manual search 
and determination of bonuses and malus in the records 
of insurers on damages (Incident book).

A new system model has been designed including:
1. Designing a database on Sql Server
2. Data update processes

3. Facilities for access to the system via the Internet
4. Data entry facilities necessary for the calculation 

of bonuses and malus
This new model is a system that uses a more mod-

ern approach in collecting, processing and accessing 
damage data. Thus, the new system eliminates existing 
shortcomings in the processing and inspection of insur-
er’s claims records. Each insurance company has access 
to a central database via the Internet where it will enter 
and update insurer data on claims of its own organiza-
tion. Every insurance company owns the same data. The 
insurance agency is the data administrator and thus pro-
vides a more effective way to monitor the data that in-
surance companies update. The update of the data is in 
real time, that is, the entry of new data is immediately af-
ter receiving the data on the damage. This eliminates the 
error in late entry of damage data and thus the accuracy 
of data in determining bonuses and malus.

Searching for data and determining bonuses and 
malus is enabled via the Internet, which allows insur-
ance companies mobility and flexibility to use web ser-
vices and access data remotely. The new system is com-
pletely flexible and through the Web service it is possible 
to use in other systems where parameters such as bonus 
and malus are required.

The database and processes for automatic bonus 
calculation are designed on Sql Server, which enables the 
purchase of insurance policies online.

In short, the new system provides the following:
1. Uniqueness and uniqueness of data for all insur-

ance companies (data standard)
2. Centralization of data and the ability to access 

multiple users to the system at the same time
3. Accuracy of entered data and fast data search
4. Ability to monitor progress of incident resolution 

(Stage)
5. Ability to track who and when entered data on 

damages and incidents
6. Possibility of archiving damages and incidents 

that are not active in the process of determining bonuses 
and malus

7. Easier use of the system
8. Printing reports as well as printing evidence of 

bonus and malus
9. Access and search data via the Internet
10. Better data protection. Currently, the data is sent 

to the CD by mail or/and email.

LITERATURE AND WEB LINKS
[1]	 Information Technologies and Entrepreneurship of the University of 

Mostar, Dragan Mihic (Increasing the efficiency of the process of de-
termining bonuses and malus in contracting auto liability insurance). 

[2]	 Insurance Agency in BiH - http://www.azobih.gov.ba/
[3]	 Insurance Agency in RS – http://www.azors.rs.ba/azors/index.html
[4]	 Microsoft SQL Server Management Studio2012 - http://technet.micro-

soft.com/en-gb/



22	 http://www.tttp-au.com/

 DOI: 10.7251/JTTTP2201022M
UDC: 621.397-182.3:316.776

PRELIMINARY REPORT

Application of 5g Network to Autonomous Vehicle 
Mobility
Sabahudin Mujakić
Pan-European University Apeiron, College of Traffic and Transportation Engineering, Banja Luka, Bosnia and Herzegovina

Drago Talijan
Pan-European University Apeiron, College of Traffic and Transportation Engineering, Banja Luka, Bosnia and Herzegovina

Abstract: General technological progress has improved all areas of human activity and especially ef-
fects are pronounced in the automotive industry. One of the new technologies, which promises a lot, 
is communication using the 5G network. Compared to its predecessors, 5G has many times greater 
capabilities and data transfer speeds. By applying the 5G network, vehicles will be connected to each 
other but also to the environment. With the help of 5G network and V2X communication, the vehicles 
will be enabled to communicate with other vehicles and exchange telemetry data, but also to “see” 
through the vehicle in front of it. The full application of these technologies will bring many advantages, 
but disadvantages are to be expected aswell.
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INTRODUCTION
Today, we have a 5G network in use, which will fur-
ther improve all management functions and enable a 
complete interaction between the vehicles themselves 
and their connection to the environment. Increased data 
transfer and processing capabilities will contribute to 
faster response of the vehicle system to disturbances and 
corrective actions. In such a way, the safety of the use of 
these systems and driving itself will increase, which at 
this time is still insufficiently protected from the influ-
ence of third parties or systems.

Appreciating the desired goals, there will be many 
benefits that these technologies bring, but they will not 
pass without unintended consequences. Given that the 
driver is the focus of research that will be conducted, it 
is important to try to assess the effects from the point of 
view of future safety, comfort and disturbances in the 
labor market.

5G NETWORK
5G is a fifth generation mobile network. It is the new glob-
al wireless standard after 1G, 2G, 3G and 4G networks.

5G refers to the fifth generation mobile communica-
tions network and is therefore a direct successor to LTE 
or Advanced LTE (4G) and UMTS (3G). The new stan-
dard aims at higher data rates, improved capacity and an 
intelligent network.

5G uses a system of cells that divides space into sec-
tors and sends coded signals between access points us-

ing radio waves. Each cell must be connected to the main 
network, either wirelessly or via cables. [1]

The ITU Standardization Body has defined the 
specifications, that 5G must meet the IMT-2020 standard 
[2]:

-- Maximum data transfer speed: 10 - 20 Gbit / s
-- Peak spectral efficiency: 10 - 30 Gbit / s / Hz
-- User data transfer speed: 50 - 100 Mbit / s
-- Latency less than 1 ms
-- Connection density: 1,000,000 devices per km²
-- Network availability 99.999%
-- Almost 100% coverage
-- Battery life of IoT devices up to 10 years.

The biggest advantage of 5G technology com-
pared to its predecessors is the much higher data trans-
fer speed. In the future, television broadcasts could be 
broadcast online without delay from multiple perspec-
tives. Smart cars can share their telemetry data with each 
other and prevent accidents. Briefly: data speed is grow-
ing, the number of devices in the network is growing ex-
ponentially, and at the same time latency and load time 
are decreasing.

The beginning of the application of mobile com-
munication technologies dates back to 1979 and the first, 
1G network that enabled the development of analog tele-
communications. With the 2G network, the commercial 
era of mobile communications technology began in 1991, 
enabling the transmission of speech and short text mes-
sages with limited data traffic. The next leap in the de-
velopment of this technology occurred in 1998, when a 
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more serious Internet access was achieved with the help 
of the 3G network, and since 2008 the 4G network has 
contributed to achieving even faster Internet access. This 
has enabled the transmission of content that requires bet-
ter transmission network performance, such as e.g. vid-
eos.

5G is a new generation of mobile communications 
networks whose application is tied to 2019. The 5G net-
work uses the resources of existing technology but also 
brings great improvements. The 5G network provides 
significantly faster Internet access and interconnection 
of a large number of connected devices (picture 1.). In 
addition, the 5G network allows very secure and effi-
cient communication with low latency and allows the so-
called “Network slicing”, i.e. the allocation of transmis-
sion resources according to established priorities. This 
will be of great importance for future Internet of Things 
(IoT) or special services.

Picture 1. 5G network, illustration

However, the 5G network also has drawbacks. Due 
to the high frequencies used for transmission in the 5G 
network, the number of transmission poles must be sig-
nificantly increased. Costs - both for network construc-
tion and for operation - are likely to be higher than costs 
for 4G networks due to higher pole density. Extensive 
network coverage tests, quality assurance and integra-
tion into existing infrastructure are also required for 
commissioning. Successful installation and commission-
ing of the national 5G network first of all requires time 
and money.

VEHICLE AND ENVIRONMENT CONNECTION 
IN ROAD TRAFFIC USING 5G NETWORK
Widespread use of autonomous driving is still not a real-
ity and will require a reliable, robust and extended wire-
less network. Promising high data rates and very low 
latency, 5G is the future of autonomous vehicles. With 
the implementation planned as early as 2020, vehicle 
communication or V2X communication (Vehicle-to-
Everything) will enable vehicles to interact in real time 
with their environment to increase road safety, traffic ef-
ficiency and energy savings (picture 2.).

Picture 2. V2X communication

Two main use cases illustrate the potential of 5G 
technology to improve vehicle connectivity via mobile 
networks: the self-explanatory “emergency vehicle ap-
proach warning” and the “transparent” use case, which 
allows drivers to see through the vehicle [3] (picture 3.).

The “Emergency Vehicle Approach Warning” aims 
to warn the driver that an ambulance is approaching 
even before it is visible because it is either too far or it 
is on an adjacent road. In order to do this, the connected 
ambulance sends its position to the server via its mobile 
router, which will show whether its emergency lights are 
activated or not. The server redistributes an ambulance 
position message to nearby vehicles, which then warn 
its drivers of its position if the emergency lights are ac-
tivated.

Picture 3. Case of using 5G network

Another use case developed during the Towards5G 
partnership allows the driver of a vehicle to see “through” 
a vehicle in front of him that obstructs his view, which 
can help when overtaking, for example. To achieve this, 
a vehicle equipped with a high-definition camera con-
nected to a mobile router can transmit a video stream 
when automatically requested by the mobile router of a 
vehicle that is behind. The video stream is then transmit-
ted over part of the vehicle using a local interrupt, ensur-
ing low latency.
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The main limitation of the case of use in this form 
is the fact that is uses high bandwidth. However, the ad-
vantage is that it provides an incredibly visual display 
of vehicle performance at low latency while maintaining 
speed, compared to the mobile broadband limit, which is 
the first to be affected by any deterioration in radio and 
network performance.

“Lane connection” is used to assist an autono-
mously connected vehicle when connecting to a double 
carriageway or highway. This is made possible by the 
“traffic orchestrator”, an application module located on 
the network and connected to a V2X server. It collects 
information on the positions and dynamic parameters of 
vehicles on the highway and suggests routes for vehicles 
to be connected as well as those within the connection 
zone in order to optimize the free flow of traffic and fa-
cilitate connection.

While connected vehicles permanently tell their 
position to the V2X server and are therefore taken into 
account by the orchestrator, unconnected vehicles detect 
smart cameras arranged around the junction zone and 
detect the positions of all vehicles. To do this, they use 
image processing techniques that rely on artificial intel-
ligence. Data from these cameras is then sent to a V2X 
server, where the data fusion module compares them 
with data compiled by connected vehicles to avoid du-
plication.

APPLICATION OF 5G NETWORK TO 
AUTONOMOUS MOBILITY
Autonomous driving is considered a paradigm shift, but 
technically it is an evolutionary process. Prerequisite is 
the presence of sensors (radar, video, laser) and actua-
tors (in engine control, steering wheel, brakes) in the ve-
hicle. Autonomy is provided by computers in the car, 
which connect sensor data, form an image of the envi-
ronment, automatically make driving decisions and pass 
them on to actuators. Machine learning is often used to 
handle large amounts of data, for example when recog-
nizing traffic signs, before it is implemented in vehicles. 
Media theorists call for a broader social dialogue on the 
effects of autonomous driving, especially in situations 
of dilemma when the trip computer can no longer avoid 
damage, but must assess the damage - basically an ethi-
cal decision. [4]

Enabling even faster connectivity between trans-
portation systems, the 5G network will offer new appli-
cation options that enhance the development of autono-
mous cars. Not only will they be able to make decisions 
independently in the future, but they will also communi-
cate and cooperate with each other. Automatic driving is 
a term used to describe scenarios in which, as a result of 
these possibilities, a fully interconnected and intelligent 
road transport system is created.

5G transmits huge amounts of data without inter-

ruption - as long as the network is firmly connected. Ex-
actly these are the prerequisites for autonomous driving: 
fast, reliable communication networks and seamless data 
transmission. The car must be able to receive all safety 
information at all times. This is the only way to ensure 
safety while driving autonomously and avoid accidents. 
Only then can artificial intelligence (AI) take over the 
ride itself with the help of networked sensors and com-
municate completely reliably with other road users. Traf-
fic jams would also be a thing of the past. The necessary 
technical standards are currently being fiercely debated 
and must be precisely defined.

Thanks to wireless technology and internet connec-
tion, connected cars with their digital and location-based 
services can greatly improve our driving comfort. The car 
relies on regular updates of navigation data, e.g. detailed 
roadmaps, plus updates in unexpected traffic situations 
such as congestion, rain or ice. Combined with driver 
and cloud applications, maintenance information or oth-
er status reports can be downloaded and sent. Thanks 
to mobile edge computing, these functions have already 
been implemented today, based on LTE at speeds of up 
to 300 megabits per second and latencies of less than 100 
milliseconds, even in emergencies or remotely controlled 
driving at low speeds. 5G will offer even greater quality 
for many in-car digital services in the future.

Fifth-generation wireless technology will be a key 
trigger of more reliable communication for vehicles, 
which will play a key role in managing the safety chal-
lenges that come with vehicle automatization and au-
tonomy. There are more, often complementary technolo-
gies that can be used for both direct and network-based 
communication - including 4G / LTE, satellites, DSRC 
and 802.11p.1 5G will significantly reduce latency and 
increase reliability compared to current technologies, en-
abling new use of cases such as route sharing, local real-
time updates and coordinated driving. The application 
of these technologies will create conditions for additional 
progress in the development of intelligent transport sys-
tems.

Automatic systems reach their limits when unex-
pected or unknown situations arise. In that case, the “au-
topilot” will decide to deactivate the system for security 
reasons, if in doubt. The autopilot would then return the 
task and responsibility of driving to the driver himself. 
However, if the driver does not take control of the ve-
hicle, or not as fast as needed, then the car will pull to the 
edge of the road in safe driving mode.

With 5G, the car could, for example, be remotely 
controlled by an outside operator acting as a traffic con-
troller. Remote control via operator, however, is defi-
nitely impossible without a 5G network, which offers 
key features such as very short response times and guar-
anteed network resources.

One huge advantage of 5G is what is known as net-
work cutting. The wireless network is divided into virtu-
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al network levels. One level of the network is then used 
only for automatic driving, for example. This ensures 
that notifications related to the safety of self-driving cars 
do not end up in traffic jams on highway for data transfer 
and that they are given priority over other infotainment 
services used parallel.

Another advantage is the processing and storage 
of data in data centers that are close to transport routes. 
Such “edge” data centers ensure that data can be pro-
cessed even faster on the network. 

The sensors are used to implement car-to-car com-
munication for automated driving. This includes, for ex-
ample, intelligent camera and radar systems (picture 4.), 
which allow direct data exchange between cars. Howev-
er, these systems have key physical deficiency. They can 
neither look around corners, nor over hills, nor through 
obstacles. That is why they limit the work of self-driving 
cars. This simple form of automatization is also inappro-
priate at higher speeds.

Picture 4. Communication between vehicles

Mobile technology expands the scope of autono-
mous mobility through direct and, above all, fast and 
broadband data communication with cars and properly 
equipped transport infrastructure, such as traffic lights. 
This can ensure improved traffic flows, for example by 
allowing cars to travel at higher speeds or reducing their 
speed at times when needed.

CONCLUSION
Automatic driving has already started with assisted 
driving. However, vehicle automatization is gradual. 
Fully automated driving, which can work reliably in a 
large number of driving situations, is only the final stage 
of a long process. 

The functions of the autonomous car steering sys-
tem are already partially performed by driver assistance 
systems, such as steering and lane keeping assistants. 
Nowadays self-parking cars are already available. De-
spite these assistants, it is the driver who remains re-
sponsible at all times. However, if the vehicle is fully au-
tomated, the responsibility is shifted from the driver to 
the means of transport, and thus to its manufacturer or 

operator. That is why, many automation functions will 
initially be limited to driving situations that can be suf-
ficiently controlled, such as driving at low and medium 
speeds on motorways or parking in a demarcated park-
ing space.

People use automated functions in their everyday 
lives mainly to save time, which can then be used in a 
more meaningful or convenient way. So in the future - 
as ordinary passengers in self-driving cars - using mo-
bile networks, we will surely be able to read the latest 
news on our smartphones or tablets, participate in video 
conferences or work, use entertainment services or shop 
online while on the go. Or we could simply sleep while 
driving to arrive at our destination rested or come to a 
business meeting refreshed and relaxed.

In addition to all the benefits that these technologies 
bring, the risks that accompany complex systems and 
are related to the reliability and protection of the system 
should be faced.

Nevertheless, the development and application of 
advanced autonomous driving technologies will cause 
drastic changes in the labor market in the future. From 
the current situation, when there is a chronic shortage of 
professional drivers, it will happen that drivers will no 
longer be needed at all, so the driver will disappear from 
the list of occupations. 
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Abstract: Development of motor vehicles has gone through several technological phases and today we 
are definitely in a new era that is primarily related to steering autonomy and vehicle propulsion systems. 
Although electric vehicles have become an absolute priority in some countries, their global expansion is 
happening and it is to be expected that they will become a near future in these regions as well. Today, 
special attention is drawn to advances in the development of autonomous driving systems, which will 
cause many changes in design, regulations and the environment. For the coming wave of change, we 
need to be adequately prepared and take part in global processes. In addition, it should be noted that 
the futuristic versions of vehicles capable of moving in multiple environments, on land, on or in water 
and in the air, are being widely promoted, and the EU is introducing mandatory application of some 
active and passive safety systems. 

Key words: vehicle development, electric vehicles, automated driving.

INTRODUCTION
Until the advent of the mobile phone, the car was the 
most commonly owned item. Today, it is estimated that 
there are about 1.5 billion vehicles in use on Earth, which 
means that every fifth inhabitant owns a vehicle. The de-
velopment of cars was conditioned by development of 
technology, materials, energy, legislation, etc. The result 
of this is that almost every manufacturer has vehicles on 
the market in every segment. The period of the develop-
ment cycle of the new type is decreasing and the number 
of manufactured vehicles is increasing. Although the ve-
hicles look alike, out of 100 vehicles of the same type and 
model, only 5 completely identical vehicles will come off 
the production line. The new generation of luxury mod-
els has up to 70 different computers that control the op-
eration of vehicles or serve for assistance purposes. This 
diversity indicates that many vehicle functions are re-
lated to modern information technology and computers. 
The role of the driver will become less and less important 
and driving comfort becomes greater. The autopilot has 
long shown its superiority over the professional driver. 
Already today in the serial offer we have vehicles with 
automated driving systems, so the question arises when 
the vehicle will definitely become self-driving in mass 
use. Models of vehicles that have the ability to move on 
the roads and in the air are exhibited at the fairs. What 
lies ahead in near future? Shall we, soon, only remember, 
with sadness, vehicles with conventional mode of opera-
tion and driving?

FROM THE FIRST CAR UNTIL TODAY
The first car is associated with Karl Benz and his con-
struction of the first functional type of vehicle, which had 
all the basic construction systems as well as today’s ve-
hicles: body, drivetrain, engine, steering system, braking 
system and light signaling devices. 

It is interesting to recall some important dates from 
the automotive industry and the dynamics of develop-
ment of individual devices:

•	 1828 Electric motor 
•	 1832 First electric car
•	 1878 Gasoline internal combustion engine 
•	 1886 First car with gasoline engine 
•	 1897 Diesel internal combustion engine 
•	 1895 First tire
•	 1918 Electric starter
•	 1924 Integral body
•	 1924 Hydraulic brake
•	 1928 Synchronous transmission
•	 1939 Automatic transmission
•	 1947 Radial tire
•	 1953 Disc brakes
•	 1950-60 Fuel Cells
•	 1974 Anti-lock- braking (ABS) system
•	 1980 The reduction of exhaust emissions 
•	 1990 Start with application of computers in the 

automotive industry
•	 1997 Hybrid vehicles
Time will tell in which direction the development 

of the vehicle is heading, in terms of propulsion energy, 
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assistance system, automatic control and combination 
of modes of transport, and this paper will present some 
forecasts of the future development of vehicles and their 
systems.

DEVELOPMENT OF ENGINES
Exacerbated problems of environmental pollution, the 
greenhouse effect, uncertainty regarding oil reserves 
and the development of innovative technologies have 
contributed to the fact that today very intensive work is 
being done on improving existing engines and develop-
ing alternative motor vehicle propulsions.

Conventional propulsion
Internal combustion engines have experienced ab-

solute dominance as a propulsion system for motor ve-
hicles after resolving “children’s diseases” and after the 
discovery of oil. Although the basics of internal combus-
tion engine construction are based on solutions that are 
over a hundred years old, various innovations are still 
very successfully applied to them, which enable higher 
specific power, lower mass, better traction and speed 
characteristics, etc. The period of their domination lasted 
from the first vehicle until today, but alternative modes 
of propulsion are rapidly developing, which could soon 
suppress internal combustion engines, especially as the 
basic variant of motor vehicle propulsion.

Hybrid propulsion
Hybrid propulsion involves a combination of sever-

al types of propulsions. Until recently, such vehicles were 
produced only for military purposes, but today we have 
a wide range of very successful solutions of combined 
types of propulsion on the market. For now, the internal 
combustion engine and the liquefied petroleum gas are 
most often combined, and more recently the electric mo-
tor, in various variants and versions. The combination of 
internal combustion engines and electric motors utilizes 
the best characteristics of both drives, reduces pollution, 
reduces noise, and makes driving cheaper and so on. 

Electric vehicles
It is interesting to mention that the electric vehicle 

was made about 20 years before the first vehicle powered 
by an internal combustion engine, but a number of cir-
cumstances have contributed to their actual affirmation 
in the last twenty years. Today, all major manufactur-
ers have serious plans and are allocating large funds for 
the development of electric vehicles. We already have an 
enviable offer of electric vehicles whose motor is pow-
ered by its own battery. It is considered that fuel cell ve-
hicles are the vehicles of the future, but much remains 
to be done to improve the design, although we already 
have fuel cell vehicles in serial production. How fast the 
development of electric vehicles is progressing can be 

seen in the behavior of some manufacturers, who have 
already stopped producing vehicles with conventional 
propulsion. 

DEVELOPMENT OF VEHICLE STABILITY 
SYSTEMS 
With the advancement of science and technology, manu-
facturers place on the market vehicles with very respect-
able speed performance, which poses a very delicate task 
for designers, how to tame a vehicle in some situations 
and adapt it to the average driver. Development of Anti-
lock braking system (ABS) has created a ground basis for 
the construction and application of other systems that 
have become mutually complementary. 

Electronic Stability Program 
Electronic Stability Program ESP is tasked to neu-

tralize the influence of the centrifugal force that causes 
inclination of the vehicle when driving in a curve. It is 
also called the dynamic stability program because with 
targeted action on individual brakes, and engine mode, 
it maintains the dynamic stability of the vehicle. ESP 
includes two main functions DSP (dynamic stability 
system) and ROP (rollover protection). DSP takes care 
mainly of the vehicle’s stability at a lower coefficient of 
adhesion (e.g. rain, snow, ice). As a rule, it is activated 
only when there is a significant difference between the 
driver’s desired direction of travel and the actual move-
ment of the vehicle. Roll over Prevention (ROP) reduces 
the risk of rolling over with a high coefficient of adhesion 
on dry road.

Anti-slip regulation (ASR) system
This system should prevent the drive wheels from 

slipping in conditions of reduced or uneven grip, such as 
wet surfaces, ice, gravel, etc. The system is regulated by 
acting on the individual brakes and the engine operating 
mode. 

Electronic brake force distribution system
The role of this system is to prevent the rear wheels 

from braking too hard before the anti-lock brake system 
is activated or when it is out of order. 

Electronic differential lock system 
The electronic differential lock allows driving on 

different surfaces, i.e. under different traction conditions, 
by activating the brakes on wheels which are slipping. 

Engine Braking Control System (EBC)
This system prevents the driven wheels from lock-

ing due to engine braking when the accelerator pedal is 
released suddenly or when vehicle is braking with any 
gear engaged. 
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THE DEVELOPMENT OF THE ASSISTANCE 
SYSTEMS 

The development of electronics has made driving as 
comfortable and safe as possible. We are assisted in this 
by various driver assistance systems, which warn, re-
strict and help him/her perform certain actions while 
driving. To illustrate, a few commonly used ones will be 
mentioned.

Panoramic view monitor
The panoramic view monitor, which shows the ve-

hicle from a bird’s eye view, has been enhanced with a 
view that “sees” through objects. At the touch of a but-
ton, the driver switches between a bird’s eye view and 
a see-through view, which allows the driver to see the 
vehicle’s surroundings as if the vehicle itself were trans-
parent. Compared to the bird’s eye view, the see-through 
view makes it easier to spot obstacles, as they are more 
clearly displayed on the monitor.

Active parking assist system
The parking assist system facilitates parallel and 

lateral parking of the vehicle. Whether activated or not, 
the system measures potential parking spaces as you 
pass them at low speeds (up to 35 km/h) at a maximum 
distance of 1.5 m from the row of parked cars. When a 
large enough space is found, the driver turns on the turn 
signal and the auxiliary parking device takes control of 
the vehicle, while the driver takes care of speed, brake 
and transmission. The system gives instructions on the 
control monitor and acoustic signals during parking. 
More advanced parking systems can do parking without 
driver assistance. 

Parking support
When leaving the parking space by driving back-

wards, you get support for continuous monitoring of the 
road behind the vehicle via a sensors in the rear bumper. 
The support system provides visual and acoustic warn-
ings when obstacles such as pedestrians, other vehicles 
or obstacles occur. In an emergency, automatic brake 
control prevents a collision.

Reversing cameras
Rear cameras allow the driver to see the area behind 

the car while maneuvering or parking with assistance of 
the control monitor. Reversing cameras also improve 
visibility when reversing at lower speeds. Vehicle guid-
ance lines and color-coded obstacles, which appear on 
the control monitor, show the driver whether the select-
ed parking space is long and wide enough for the vehicle 
and makes parking easier. Ultrasonic sensors constantly 
measure the distance between the car and the obstacle 
and the acoustic signal warns of possible dangers and 
thus reduces the chances of damage when parking.

Cameras for driving in conditions of reduced visibility
These cameras provide drivers with an overview of 

the situation on the road, outside the limits of normal 
visibility to the eye, at night, driving in fog and in other 
situations when visibility is reduced.

The adaptive cruise control
Adaptive cruise control (ACC) automatically reg-

ulates vehicle speed and distance from the vehicle in 
front. Automatic cruise control automatically brakes 
prematurely, if necessary, and maintains a safe distance 
between vehicles. This prevents sudden braking, which 
can cause another vehicle to crash from behind. Radar 
cruise control, in addition to maintaining the distance 
between vehicles, when the vehicle in front accelerates 
or moves away, reacts and car accelerates again to the 
desired speed. In cooperation with the Stop & Go func-
tion, it also helps in traffic jams or in conditions of slow 
traffic, automatic stopping and starting the vehicle.

Start-Stop (Go & Stop) system
The task of the start/stop system is to automati-

cally switch off the engine when the vehicle is stationary. 
The engine is switched off as soon as the foot is removed 
from the accelerator pedal and switched on with a next 
pressure on the accelerator pedal. In this manner, fuel is 
saved and environmental pollution is reduced. 

Lane Keeping System
This system warns of lane departure by detecting 

lane lines and alerts the driver to accidental lane changes 
when the vehicle reaches a certain speed, via an audio 
signal or steering wheel vibration. The system will not 
activate if the lane change is intentional, when the driver 
activates the turn signal.

Traffic Signs Recognition System
A camera housed in the interior mirror registers 

traffic signs with speed limits and overtaking restrictions 
and displays them on the instrument panel display. In 
this way, the driver is more focused on driving than on 
remembering signs because he/she knows at all times 
how fast he/she is allowed to drive and whether over-
taking is allowed.

Blind spot detection system
This is a device that monitors side and rear of the 

vehicle and warns driver with a light or sound signal of 
the vehicle which is in a blind spot. The system is es-
pecially useful when changing lanes or on roads where 
several vehicles are moving in parallel.

Brake Assist System (BAS)
It is an additional system to ABS which helps reduce 

vehicle stopping distance while sudden braking. This 
system recognizes a situation where sudden braking is 
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required. In this case, the system is currently developing 
its maximum power and may include ABS adjustment.

Emergency Brake Assist (EBA)
The Emergency Brake Assist system (EBA) makes 

vehicles even safer and reduces the risk of accidents. The 
system combines information from radar sensors and 
cameras in the front of the vehicle, which enables faster 
detection of dangerous situations and timely activation 
of emergency braking. On this occasion, in addition to 
the brake lights, the Emergency Stopping Signal (ESS) is 
activated, which warns road users with flashing lights 
with increased blinking frequency to a critical situation, 
thus reducing the risk of collisions.

Hill-Hold Control
Hill-Hold-Control allows vehicle to start going up-

hill without reversing the vehicle and without applying 
the parking brake. Also, when the brake pedal is released 
after stopping on an uphill, the uphill support will main-
tain pressure in the brake system for 1 to 2 seconds, long 
enough to continue relaxed driving without rolling the 
vehicle wheels backwards.

Pedestrian alert system
Pedestrian alert system, with soft braking function, 

reacts to pedestrians and operates at speeds between 10 
and 60 km/h and emits a warning in the event of immi-
nent danger. In the event of a danger, the system initiates 
braking and thus reduces the speed at which a collision 
can occur. The system works in steps - the warning sym-
bol appears first, then the symbol starts flashing and a 
beep sounds, and finally a slight braking occurs.

Automatic adjustment of headlights and wipers
Adaptive headlights are very sophisticated. They 

work by monitoring the position of the steering wheel, 
vehicle speed and its inclination, and based on that 
headlights direct the light beam in the direction of the 
road, and not directly, like classic headlights. Addition-
al, somewhat less demanding technological device that 
helps in better visibility is the rain sensor connected to 
the windshield wipers. If moisture is detected, the sensor 
turns on the wipers, and at the same time, depending on 
the amount of moisture, determines the speed of wiping.

High beam assist
High beams are automatically switched from high 

to low beams and vice versa, depending on the traffic 
situation. When the system is active, a camera installed 
on the inside of the mirror monitors the traffic situation 
and assesses the brightness, i.e. determines when the 
high beams should be switched on. When the vehicle 
is approaching from the opposite direction or when the 
exterior is sufficiently well-lit, the system automatically 
switches off the high beams.

Intelligent Shock Absorbers 
Continuous Damping Control (CDC) calculates the 

required shock absorber power each time, depending on 
vehicle load and road characteristics, when braking or 
slipping during driving in curves or on hills. The control 
unit continuously regulates the solenoid valve which de-
termines the flow rate of oil in the shock absorber. Height 
and pressure sensors provide data for the calculation and 
the system also has information on driving speed, decel-
eration and acceleration, lateral acceleration and wheel 
speed. The CDC adjusts normal attenuation to new cir-
cumstances measured in milliseconds. By continuously 
recording data on wheel position, bodywork and shock 
absorber stroke, this system can react extremely quickly 
to sudden traffic situations. Thus, the vehicle adapts to 
the requirements of the road section and its own driving 
style by stabilizing damper and brake parameters.

Driver fatigue detection system
During long journeys, reduced concentration and 

driver fatigue have a negative effect on the handling of 
the steering wheel and the time it takes for the driver 
to react. Precise motor skills are deteriorating, steering 
wheel handling is no longer so accurate, and the driver 
has to manage the steering wheel more often. The fatigue 
recognition system algorithm analyzes the driver’s han-
dling of the steering wheel at the beginning of the ride 
and thus recognizes the changes that result from further 
driving and driver fatigue. This function calculates the 
fatigue index based on the frequency of such typical 
steering wheel corrections, but also other parameters 
such as driving time, use of turn signals and time of day. 

Tire pressure sensor 
The tire pressure sensor provides information on 

whether or not the tire pressure is adequate, which can 
affect wheel grip and brake system performance.

Emergency call system (E-call)
E-Call or emergency call system is a novelty that 

appeared in the car market and will be mandatory for 
all cars made after April 1, 2018. E-Call will work on the 
same infrastructure throughout Europe. The system it-
self will call the call center, where it will report key in-
formation about the accident (location, direction, type of 
vehicle and number of passengers in the vehicle), and at 
the same time will establish a telephone connection be-
tween the center and the vehicle. The system is expected 
to shorten the emergency response time.

The system for navigation 
Modern navigation system offers drivers the design 

in full 3D, in combination with the innovative concept of 
interface and numerous functions for navigation, office 
and multimedia. Navigation systems support the quick 
start function, fast calculation and route selection, indi-
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vidual counseling to reduce fuel consumption, selection 
of alternative tours, detection of obstacles on the road, 
etc.

MODERN PHASE OF MOTOR VEHICLE 
DEVELOPMENT
If we look back at the development of cars through the 
development of car systems, we could see that the de-
sign of the first car had 100 years of development and 
improvement of basic systems that functioned mainly on 
the principles of mechanics. 

The first use of electronics in motor vehicles, when 
the seat belt was electronically supported in the United 
States, laid the foundation for electronic systems that 
were then used to develop systems that regulate fuel 
injection, control pollution from exhaust emissions and 
later on many other systems.

The development and application of computers 
progress has definitely enabled in the development of all 
systems on the vehicle, which has contributed to greater 
comfort, greater safety, better speed and traction charac-
teristics, reduced fuel consumption, reduced pollution, 
etc. Modern vehicles of high class, can have about 70 
computers that perform various functions, perform pro-
cess optimization, manage the vehicle, provide support 
to the driver through assistance systems, etc.

Due to the specifics that automated driving systems 
will bring when showing on scene in the last phase of the 
development of fully automated driving, this phase of 
development could be called a special, modern phase of 
vehicle development.

The phases of development could be classified as 
follows:

Phase I: Perfecting the basic systems on the vehicle
Phase II: Application of electronics in vehicles
Phase III: Application of computers in vehicles 
Phase IV: Autonomous vehicles
Appreciating the importance of the development 

Phase IV, the development of this phase will be ex-
plained separately, from the aspect of technical require-
ments and legal regulations.

Development of automated driving systems
Among all the technological innovations, auto-

mated driving system has drawn special and great atten-

tion. Although some elements of this system are already 
available to drivers, through some forms of assistance, it 
is expected that this system will bring major changes in 
all spheres, because its full implementation will require 
adjustment of traffic infrastructure and especially legal 
regulations both internationally and nationally.

For many years, the term “Advanced driver-assis-
tance systems” (ADAS) has been in use, which in gen-
eral, performs its function by collecting and processing 
information received from the vehicle sensor, regarding 
the characteristics of the vehicle relevant for its behavior 
(stability, handling), as well as monitoring and detec-
tion in the environment of the vehicle itself, and evalu-
ation and processing of collected information. This also 
includes the option to collect and evaluate information 
from the transport infrastructure, if available. The sys-
tems have been developed to support drivers in per-
forming their driving tasks and improve traffic safety.

Recently, there have been very intensive activities 
on creating premises for the development and wider ap-
plication of automated driving systems, i.e. systems ca-
pable of performing some or all of the driver’s dynamic 
tasks. Full implementation of these systems is planned to 
take place in five steps. Table 1 will present the distribu-
tion of responsibilities between the driver and the sys-
tem depending on the category of the automated driving 
system.

Vehicles in which the driver performs all dynamic 
driving tasks are, from the aspect of driving automation, 
conventional vehicles - vehicles without automated 
driving system.

The first group of automated driving systems will 
be those in which the perception of objects and events 
in the environment, and the response to them, will be 
the responsibility of the driver. Within this group, two 
categories of systems have been singled out.

The Category 1 automated driving system (Driver 
assistance) takes over part of the driver’s dynamic tasks, 
whether controlling longitudinal (acceleration/decelera-
tion) or transverse (turning) vehicle movement, but not 
both at the same time. 

The Category 2 automated driving system (Par-
tially automated driving), when activated within the 
designed operational area, should perform the tasks of 
controlling longitudinal and transverse movement of the 
vehicle. Category 1 and 2 systems are expected to have 

Table 1. Automated driving systems

System 
Category System Name Longitudinal and transverse 

movement Environment observation Reserve 
option

0 Not automated driving Driver Driver Driver

1 Driver assistance Driver + System Driver Driver

2 Partially automated driving System Driver Driver

3 Conditionally automated driving System System Driver

4 Highly automated driving System system System

5 Fully automated driving System System System
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limited ability to detect objects and events in the envi-
ronment and respond to them. Therefore, in the case of 
vehicles equipped with systems of these categories, there 
will be expectations for the driver-person to constantly 
perform all dynamic driving tasks not performed by the 
system, to assess when it is appropriate for the system to 
be (de)activated, to monitor the environment, to monitor 
the system (execution of the driving tasks) and imme-
diately intervene when necessary due to environmental 
events or system requirements, and, when necessary, im-
mediately take over the execution of all dynamic driving 
tasks. 

The second group includes automated driving sys-
tems in which the detection of objects and events in the 
environment, and the response to them, will be the re-
sponsibility of the system. Automated driving systems 
from this group will perform all dynamic driving tasks. 
Within this group, three different categories of automat-
ed driving systems will be singled out.

The Category 3 automated driving system (condi-
tionally automated driving) will continuously perform 
all dynamic driving tasks within the projected opera-
tional area. In the event of a failure of a system relevant 
for performing dynamic driving tasks, or in the event of 
an imminent exit from the projected operational area, the 
system will request from the driver to take action and 
continue to perform dynamic driving tasks or put the 
vehicle at least risk. The driver has the role of a backup 
option, and must maintain his ability at a level where he 
can timely, reliably and adequately respond to this type 
of stimulus by automated driving systems and vehicle 
in general, including determining whether and how (if 
necessary) to bring the vehicle in a state of least risk. 

The Category 4 automated driving system (highly 
automated driving) will continuously perform all dy-
namic driving tasks within the projected operational 
area, including a reserve option (redundancy) to perform 
those tasks. The system of this category does not expect 
the driver (user) to respond positively to the request to 
take over the execution of dynamic driving tasks or to 
bring the vehicle to a state of least risk. While the system 
is active, the user will not need to supervise the opera-
tion of this category of system, nor maintain their state 
at a level where he/she is able to respond in a timely 
manner to the system’s request to take over the execu-
tion of driving tasks. A driver is not necessary within the 
projected operating area of the system. The driver, while 
the system is active, will be allowed to perform a wide 
range of other activities. 

Category 5 automated driving systems (fully au-
tomated driving) will continuously perform all dynamic 
driving tasks including the reserve option (redundancy) 
to perform those tasks. For the systems of this category, 
the existence of predefined boundaries of the operational 
area is not envisaged. A system of this category will not 
expect the user to respond positively to a request to take 

over the execution of dynamic driving tasks. Therefore, 
the system will “drive” the vehicle in all traffic conditions 
in which it can objectively be controlled by the driver - 
without projected geographical restrictions, restrictions 
related to the type of road, speed regime, part of the day, 
weather conditions etc. A driver is not required during 
the entire ride. Therefore, the person sitting in the driv-
er’s seat does not have to perform driving tasks, i.e. is not 
in the role of a backup option of the system, he/she does 
not have to think whether or how to bring the vehicle in 
state of the least risk, etc.

Of course, the introduction of automated driving 
system must be accompanied by very intensive devel-
opment of regulations at the international and national 
level, in order to: (i) establish the minimum technical re-
quirements that must be met by newly developed sys-
tems (devices, equipment), and gradually and systemati-
cally (ii) remove the restrictions imposed by the existing 
regulations regarding the approval of equipping vehicles 
with such “novelties” and their use in traffic.

VEHICLES OF THE FUTURE
It is known that the European Commission has already 
adopted a package of measures that require the applica-
tion of 11 systems on all new vehicles intended for the 
EU market from 2021. The said systems are as follows:

1.	 Autonomous braking system in critical situa-
tions,

2.	 Driver’s alcohol detection,
3.	 Drowsiness detector and low driver concentra-

tion,
4.	 “Black box” of the vehicle
5.	 Stop light for critical situations,
6.	 Improved seat belt systems and passenger front 

protection system
7.	 Head protection zone for pedestrians and cy-

clists and safety glazing in the event of a colli-
sion

8.	 Intelligent assistance to the driver in terms of 
speed of movement

9.	 Assistance in Lane Keeping 
10.	Lateral protection of passengers
11.	Reversing cameras or an adequate detection sys-

tem. 
If we add to this, that ABS, electronic stability con-

trols and isofix connections are already mandatory in the 
EU, it is to be expected that in the foreseeable future the 
EU will be closer to achieving the EU Vision Zero goal. 
This means that a significant improvement in the field 
of safety is expected, without severely injured and killed 
traffic participants. 

It is difficult to answer what the vehicles will look 
like in the future on the basis of current development 
trends, because the development of vehicles, systems 
and devices is happening both vertically and horizon-
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tally. Vertically, it is to be expected that new forms of ve-
hicles will appear, which, according to their construction 
characteristics, will not fit into the existing definitions. 
Such vehicles could have multiple mobility options; by 
land, in or on water and in the air.

Horizontal development, in this context, means up-
grading or developing new systems and devices that will 
further improve vehicle performance, increase safety, fa-
cilitate or take over driving, or make propulsion more 
environmentally friendly and cheaper. 

CONCLUSION 
A new phase in the development of motor vehicles can be 
considered the time since the conceptual notion of con-
struction has changed, including new concepts outside 
the standard terminology and automotive dictionaries. 
Appreciating the legal regulations, technical and tech-
nological achievements, the readiness of the regulators 
and the expectations of the public, it is to be expected 
that major and rapid changes will occur in the construc-
tion and production of cars that will contribute to greater 
comfort and greater traffic safety. 

Mandatory systems will be the “basic package” of 
vehicle equipment, while more demanding customers 
will be able to enjoy the support of a large number of 
driving assistance systems. Technologies that were once 
developed for the needs of the aviation industry have 
long been used in the automotive industry and today are 
representing basic technologies, and one could say man-
datory equipment on vehicles. A similar thing will hap-
pen soon with technological achievements that are the 
privilege of space programs and underwater systems, 
and fuel cells can be quoted as an example. 

Special attention is drawn to the development of 
autonomous driving systems, which will cause numer-
ous changes in legislation and the environment. With 
their full application, we are approaching the “zero vi-
sion” when there will be lost lives in traffic accidents. 
The technological and normative revolution will enable 
the realization of the idea of ​​autonomous vehicles even 
sooner than we expect it, although, for the time being, it 
seems foggy and distant. 

Appreciating the scope and expansion of the chang-
es brought by modern technologies, it is to be expected 
that major changes will take place in the construction and 
exploitation of vehicles. Maybe the near future is already 
here, with vehicles not being pollutants, the driver being 
replaced by automatic pilot, the movement of vehicles 
being enabled by combining driving and flying, vehicles 
becoming completely safe, and so on. 
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Abstract: The number of registered commercial freight vehicles in Bosnia and Herzegovina has been 
increasing over the years, which affects the traffic load and the condition of roads, especially in Bosnia 
and Herzegovina. Vehicle overloading is considered to be one of the biggest causes of damage to part 
of the road surface, especially with regard to the load-bearing road substructure. The focus of the 
research is the vehicle overloading on the roads of Bosnia and Herzegovina, with special emphasis on 
determining the type and degree of overloaded vehicles and determining the equivalence factor (EF). In 
the research phase, data from weighing control stations were used, taking into account the total weight 
of vehicles, the distribution of total weight on vehicle axles and the equivalent standard axle load for a 
particular vehicle type over a period of two years. A high degree of overloading was found, especially 
5-axle vehicles (58.7%). The level of overloading in the range of 10-20% in relation to the maximum al-
lowed weight is especially apparent. The calculated EF is 3.64 and is higher than the standard EF.

Key words: vehicle overloading, design road pavement, axle weight.

INTRODUCTION
Vehicle overloading is an axle weight that exceeds the 
legally permitted values for vehicles, which dramatically 
contributes to the accumulated damage to the road [1]. 
It has been found that an increase in the occurrence of 
vehicle overloading causes a noticeable increase in road 
damage [2],[3],[4],[15]. As the share of road transport of 
goods has increased compared to other modes of trans-
port, it is expected that freight vehicles will remain a 
common sight on our roads in the foreseeable future. 
Therefore, special attention should be paid to optimiz-
ing the use of vehicles and damage to road infrastructure 
caused by them.

Freight vehicles moving from the starting point to 
the destination use the public road network. If the con-
trol of axle weight and total weight of freight vehicles 
is not carried out, high loads can cause significant dam-
age to the road infrastructure. Consequently, certain le-
gal load limits have been imposed. Three types of load 
weight data are of particular importance: total vehicle 
weight, distribution of total weight on vehicle axles and 
equivalent standard axle weight for a particular vehicle 
type. Dimensions, total weight and axle weight of vehi-
cles on the roads are determined by the adopted bylaws 

(Official Gazette of BiH, No. 23/07 and 101/12). Rep-
etition to the loading and overloading of heavy goods 
vehicles adversely affects the road, the design life of the 
road becomes shorter, although the same quality stan-
dard is used in design and construction [5],[6],[7],[8]. 
The research study stated that, allowing the axle weight 
to increase from 10 to 13 tons, the road will last only 
half of its projected life in relation to axle weight of 10 
tons [11].

Research in the USA and South Africa has shown 
that damage to road pavement caused by overload has 
increased disproportionately, (axle weight twice the le-
gal limit can cause 4 to 60 times more damage than the 
permissible axle weight, depending on the structure and 
type of road). High vehicle wheel loads, tire pressure, 
frequency and duration along with environmental fac-
tors are important for road performance. However, the 
most important parameter is the axle weight. The main 
factors responsible for damage to the road caused by the 
vehicle, such as dynamic axle weight, number and type 
of axles (e.g. single, tandem), tire properties (e.g. larg-
er widths, double) and road properties (e.g. road type, 
thickness, temperature and roughness) are given in re-
search studies [1],[9],[10],[12],[13],[18],[19].
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The road network in Bosnia and Herzegovina cov-
ers about 22,733 km and is divided into four main cate-
gories (toll highways - 198 km, - 4,039 km, regional roads 
- 4,496 km, and local roads). Their lifespan is between 
10 and 15 years, however, damage to the road structure 
is still present and occurs earlier than expected. One of 
the new issues related to road transport is the overload 
behavior that is usually caused by freight vehicles when 
they are out of control, and at the same time these roads 
cannot provide load-bearing capacity with a certain de-
sign lifespan. 

It is worrying that the determined degree of over-
load is extremely high, where 5-axle freight vehicles par-
ticularly stand out with the share of 58.7%. The research 
[20] has shown that the most significant level of overload 
is in the range of 10-20% in relation to the maximum al-
lowed mass.

Overloaded vehicles endanger the lives of road us-
ers. Overloaded vehicles are difficult to drive, they are 
less stable, and require a longer stopping distance; which 
makes them very dangerous, especially on sharp curves 
and steep slopes.

In addition, overloading can also cause several det-
rimental effects on the integrity of the road pavement 
structure, shorten the life of the pavement itself, and can 
cause serious damage that could lead to traffic accidents 
[14],[16],[17].

Due to these problems, overload is recognized as a 
problem that must be taken into account. Therefore, the 
main objectives of this study were to determine the types 
of overloaded vehicles, the percentage of overloaded ve-
hicles and the average equivalence (EF) for all vehicles.

RESEARCH METHODS
The main goal of this research is to understand the sig-
nificance of the problem, ie the extent to which there is a 
problem with the overload on our roads.

Measuring total mass and axle weight of vehicles 
on the roads in Bosnia and Herzegovina began with the 
introduction of static scales that perform measurements 
while the vehicle is at rest, or out of traffic, so that reli-
able measurement results are obtained. These measure-
ments are used to determine the axle weight exceedance 
and the total mass of the vehicle. Data collection was per-
formed at a total of 45 selected locations over a period of 
two years, throughout Bosnia and Herzegovina.

The overloaded vehicles considered in this study 
include freight vehicles (rigid and articulated vehicles 

with 2 axles, 3 axles, 4 axles, 5 axles, 6 axles and possibly 
7 axles). The percentage of vehicle overload and the av-
erage equivalence factor (EF) for each vehicle type were 
analyzed as secondary data. The percentage of vehicle 
overloading was analyzed in terms of vehicle types of 
overloaded vehicles and overload percentage per ve-
hicle. Of the statistical techniques for data processing, 
nonparametric techniques such as the Kruskal-Wallis 
test, the Man-Whitney U-test, c2 test, and the Fisher test 
were used.

RESEARCH RESULTS AND DISCUSSION
Number of overloaded vehicles
In the observed time period, a sample of 504 con-

trolled fright vehicles was observed, by measuring axle 
weight and total mass, using static scales, at 45 selected 
locations. In 122 controlled cases, vehicle overload was 
determined, which represents the total percentage of 
24.2% of violations, compared to the number of con-
trolled ones (Table 1).

The application of the Mann-Whitney U-test (Figure 
1) gave significant differences (U = 5653,000, z = -12,602, 
p = 0,000) in the total weight (tons) of freight vehicles 
overloading (N = 122, Md = 41.34) of the total weight or 
axle weight in relation to vehicles without overloading 
(N = 382, Md = 34.70).

The intensity and quality of these controls does not 
meet the real needs, so the number of violations in terms 
of overloading freight vehicles is much higher.

Figure 1: Ratio between overloading and total vehicle weight

Table 1: Total weight (t)

Overloading N Minimum Maximum Range Median Mean Std. Dev.

Yes 122 9.96 66.16 56.20 41.3400 42.5475 8.77453

No 382 2.20 40.00 37.80 34.7000 29.4702 10.53944

Total 504 2.20 66.16 63.96 36.6500 32.6357 11.58003
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Although exceeding the total permissible vehicle 
weight can be considered quite high, even more worry-
ing are the range of overloading values and the degree 
of overloading above the permissible limit for each cate-

gory of commercial vehicles. The share of overloading in 
relation to overloading percentage groups was analyzed 
(Figure 2), as well as the share of overloaded vehicles in 
relation to axle groups of vehicles (Figure 3).

Table 2: Overruns

Number of axles 2 3 4 5 6 7 Total

YES  5 (6.5%)  8 (14.5%) 19 (38.8%)  76 (25.7%) 9 (52.9%) 5 (50.0%) 122 (24.2%)

NO 72 (93.5%) 47 (85.5%) 30 (61.2%) 220 (74.3%) 8 (47.1%) 5 (50.0%) 382 (75.8%)

Total 77 (15.3%) 55 (10.9%) 49 (9.7%) 296 (58.7%) 17 (3.4%) 10 (2.0%) 504 (100.0%)

The data on the performed axle weight measurements, according to the types and groups of axles, and in ac-
cordance with the legal regulations (Table 3, 4) were also analyzed, which is also presented graphically (Figure 4,5).

Table 3: Axle overloading

Axle N Minimum Maximum Range Median Mean Std. Dev.

 2 5 .36 6.40 6.04 1.3400 2.1720 2.40494

3 8 1.35 7.21 5.86 4.7150 4.2138 1.94870

4 18 .90 14.00 13.10 5.4050 5.6833 3.23061

5 56 .12 18.79 18.67 3.3400 3.9084 3.33334

6 9 2.10 15.72 13.62 5.6000 6.3678 4.69638

7 3 5.15 12.60 7.45 7.3400 8.3633 3.82897

Total 99 .12 18.79 18.67 3.8700 4.5267 3.48859

Table 4: Total axle overloading

Number of axles N Minimum Maximum Range Median Mean Std. Dev.

2 5 .36 6.40 6.04 1.3400 2.1720 2.40494

3 8 1.35 7.21 5.86 4.7150 4.2138 1.94870

4 19 .90 14.00 13.10 4.9000 5.4100 2.91191

5 76 .02 17.86 17.84 3.4900 4.5241 4.57343

6 9 5.10 22.96 17.86 15.7200 14.3611 5.09210

7 5 .26 26.16 25.90 10.3600 11.2400 11.48072

Total 122 .02 26.16 26.14 4.8300 5.5462 5.39209

Figure 2: Overloading in percentage groups Figure 3: Overloading in relation to the number of axles
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Overloading by vehicle types
In the structure of overloaded commercial vehicles by 

groups, the highest percentage of overruns was recorded in five-
axle freight vehicles (58.7%). They are followed by two-axle 
freight vehicles (15.3%), three-axle freight vehicles (10.9%), 
and then four-axle freight vehicles (9.7%) in the observed sam-
ple (Table 2). The application of the c2 test gave a statistically 
significant difference (c2 = 33,260, p = 0,000) for the presence of 
overruns in relation to the number of axles of the vehicle.

Figure 4: Axle overloading

Figure 5: Total axle overloading

Axle overload testing (six groups: 2 to 7 axles) in the 
application of the Kruskal Wallis test, returned a statis-
tically significant difference (c2=21.283, p=0.001) of the 
total overloading by axles. Additional analysis was then 
performed with the Mann-Whitney U-test (Table 5).

Additional tests using the Mann-Whitney U-test, 
give a statistically significant difference in total over-
load by axles (U=1,000, z=-2,867, p=0.004) of the tested 
vehicles with two axles (N=5, Md= 1.34) and six axles 
N=9, Md=5.60); three axles (N=8, Md=4,715) and six 
axles (U=1,000, z= -3,370, p=0.001); four axles (N=19, 
Md=5,405) and six axles (U= 2,000, z=-3,617, p=0,000); 
and five axles (N=76, Md=3.34) and six axles (U=59,000, 
z=-4,042, p=0,000). The statistically significant difference 
between the two and four axes is (U=17,000, z=-2,169, p= 
0.030). In other cases, no statistically significant differ-
ence was detected.

Determination of equivalence factor (EF)
The impact of vehicle flow on the road is expressed 

by the number of equivalent traffic load for dimension-
ing asphalt pavement structures, according to the stan-
dard JUS U.C4.010 from 1981, which increases by the 
degree of four with increasing axle weight of vehicles 
(Figure 6), which means that overloads of 10% above the 
permissible weight, contribute to the damage of the road 
structure by 40%.

Figure 6: Ratio between vehicle overloading and road damage

Data from the place of control and weighing were 
analyzed by sorting data on vehicles according to the 
number of axles and the total weight of the vehicle. Dam-

Table 5: Significance of total overloading by axels

Number of axles 2 (5) 3 (8) 4 (19) 5 (76) 6 (9) 7 (5)

2 (5) 0.091 0.030* 0.468 0.004** 0.600

3 (8) 0.091 0.457 0.573 0.001** 0.557

4 (19) 0.030* 0.457 0.094 0.000** 0.545

5 (76) 0.468 0.573 0.094 0.000** 0.346

6 (9) 0.004** 0.001** 0.000** 0.000** 0.640

7 (5) 0.600 0.557 0.545 0.346 0.640



37

Zoran Injac, et al. 
TTTP (2022)7(1):33-38	 The Impact of Freight Vehicle Load on the Condition of Roads in Bosnia and Herzegovina

age or equivalence factor (EF) for each weighted axis was 
calculated using equation (1). Table 6 shows the calculat-
ed EF for all vehicles. The result shows that the EF based 
on the current traffic volume is 3.64. Comparing the EF 
acquired in this research with the EF used in the design 
of road pavement structures for a standard load of 80kN 
per axle, which is 3.0, we see that the calculated EF has a 
higher value than the standard.

Equivalent Factor (EF) = (N/8.16)4.5		  (1)

where:
EF – is equivalent damage effect factor
N – is axle weight (tons)
4.5 – is exponent of load equivalence
8.16 – is Standard axle weight (tons)

The damage caused by the cumulative overloading 
on the pavement structure affects its lifespan, by short-
ening the time of the road operation in relation to the 
normative lifespan. The unplanned traffic load leads to 
endangering safe operation of traffic, or in the best case 
scenario it will lead to premature need to invest in re-
newal of the pavement in order to maintain the required 
level of quality and safety of traffic, causing increased 
costs for road infrastructure maintenance.

Overloading as a phenomenon in transport is often 
an indicator of economic growth, especially in develop-
ing countries such as ours. On the other hand, we cannot 
ignore the negative impact on road infrastructure (roads 
and bridges) and traffic safety when assessing the poten-
tial risks of overloaded vehicles.

CONCLUSION 
Based on the results of the research, the following can be 
concluded:

•	 The results of the research showed the signifi-
cance of the problem of overloaded commercial 
vehicles on the roads in Bosnia and Herzegovina. 
What is worrying is the degree of overloading, 
which is extremely high, especially for 5-axle ve-
hicles (58.7%), followed by 2-axle and 3-axle ve-

hicles. The most apparent degree of overloading 
ranges from 10-20% of the allowed total weight.

•	 Freight road traffic causes high costs in terms 
of maintenance and rehabilitation of the road 
pavement of the damaged road network, which 
occurs as a result of vehicle overloading. Also, 
the relative damage depends on the type and 
number of axles on each vehicle, as well as the 
type of pavement on which the vehicle is mov-
ing. Every vehicle moving on the road network 
currently causes significant deformation on the 
pavement construction of the road.

The total flow of vehicles has a cumulative effect 
that gradually leads to deformation of the pavement, fol-
lowed by erosion. The effect of overloading is not felt in 
one day, but it is visible over a certain period of exploita-
tion.

•	 The calculated EF for the current traffic volume 
was higher and was 3.64, compared to the stan-
dard EF which is 3.0. It can be concluded that 
the road network is not sufficiently well dimen-
sioned because the current traffic load is signifi-
cantly higher, and this is a result of overloaded 
freight vehicles moving on the road network of 
Bosnia and Herzegovina.

In order to prevent damage to the pavement due to 
the increased number of overloaded vehicles, the road 
network in Bosnia and Herzegovina must be controlled 
in terms of bearing capacity, establishing a good-quality 
control of total weight and axle weight of freight vehicles 
in order to withstand the current and the future traffic 
loads.
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Abstract: The paper describes the importance and the role of the subsystem of flexible transportation 
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INTRODUCTION

Flexible transportation of passenger or paratransit – FTP, 
is a subsystem of the public city transportation of pas-
sengers and by its concept it is between the passenger 
car and the standard bus subsystem of passenger trans-
portation in cities.

This subsystem is defined opposite to the institu-
tional public city transportation of passengers (PCTP) 
and it based on the planned transport service. It is often 
classified as “informal” or even “illegal” transport, or-
ganised at the border of the institutional transportation 
system, sometimes taking the role of the main compo-
nent of the passenger transport system [10].

In developed cities of the world today, the planning 
of city transportation system cannot be imagined without 
a balanced city transportation system and mutual coopera-
tion between various forms of subsystems for transporta-
tion of passengers. In this way the passengers (users), can 
travel by combining several subsystems, but while each of 
the subsystems performs the role most suitable for it, both 
physically and operationally. This concept achieves overall 
convenience for the users while at the same time raising ef-
ficiency of the transportation system in an optimal way.

Regardless of the size of a city, the said concept is 
realised through a strategy of sustainable development 
and quality of life.

City’s sustainable development strategy is an in-
tegral, economic, social and cultural development of a 

city (including its transportation system), harmonized 
with environmentally acceptable norms and standards, 
enabling present and future generation to meet their 
needs and improve their quality of life. A quality of life 
strategy is a subjective multi-dimensional concept that 
defines the level for emotional, physical, social, material 
and other prosperity.

In the European Union, achieving “sustainable de-
velopment” and “quality of life” goals in terms of public 
transportation systems is achieved by running a policy 
that uses mobility of the population with limited use of 
passengers cars as its principle. The policy and measures 
of European countries in “sustainable development” are 
shown in table 1 [10].

Table 1. Policy of European countries in the development of cities 
suitable for living

SUSTAINABLE DEVELOPMENT OF CITIES
(mobility with controlled use of passenger cars)

Resource management
(re-orientation of city functions
Car usage management 
functions)

Pedestrian zones
Zones protected from motor traffic
Limited access to passenger cars to certain zones or at 
certain times
Calming (slowing) the traffic
Parking management and charge
Traffic management
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Development and management 
of Public Transport
(building systems, development, 
integrati on and quality)

Reservati on of land and prioriti es
Operati onal system management
Informati on systems for users
Development of paratransit

Planning and taxati on 
mechanisms
(Development management, 
limitati on in use of passenger 
cars, fi nancing the development)

Planning and use of land (reserving sites for railway 
subsystems of public transport)
Taxes (sale of real estate, valorising the site and 
commercial values)
Payment zones
Licencing of areas (controlling entry to the centre, 
circulati ng in the centre with ti ckets, etc.)
Charging road tolls (toll stati ons, charging per length of 
the secti on, etc.)

Organisati on and fi nancing

Global trends in the development of public trans-
port systems that were based on the strategy concerned 
to satisfy essential needs of the largest “group of citizens” 
(providing accessibility in space and time, fi nancial sup-
port and monitoring of the realisation of planned and 
contracted services) moved to the strategy of “concerns 
for satisfying specifi c needs of small groups of citizens” 
(decreasing congestions, protection of the environment, 
principle of competing for subsidies, satisfying said strat-
egies of carriers depending on their capability to satisfy 
various needs of users of the public transport system, 
principle of coordination between transport companies).

In other words, the contemporary systematic ap-
proach to managing public transportation system is a 
concept where the public transportation is moving from 
a “system for itself” to becoming a “subsystem of the sys-
tem of the city and surrounding residential areas”.

In more narrow sense, this means that we are mov-
ing from the strategy of ”a passenger that needs to be 
transported” to the strategy of “a user that needs to be 
served”, i.e. from the strategy of “service quantity” to the 
strategy of “satisfying specifi c needs of all users of the 
system in a quality way”.

Successful cities and cities suitable for life rely on an 
effi cient PCTP system to realise the travel, which in syn-
ergy with the paratransit systems provides to the users 
of transport - passengers a combined transport service, 
so-called combined mobility service.

Picture 2. Schemati c diagram of combined mobility

Combined mobility is the result of work – synergy of 
the PCTP system and the paratransit system, and together 
with walking on foot they make the complete and coher-
ent solution to realise transportation needs of citizens in 
urban areas. In the combined mobility concept various 
modal subsystems are coordinated in such a way that 
the users can conduct their travel by combining several 
modalities, but each modality performs a service that is 
most physically and operationally suitable for it. Com-
bined mobility is a powerful tool in the process of creating 
a balanced PCTP system. By implementing and develop-
ing the concept of combined mobility we achieve overall 
convenience for users, and on the other side productive 
and economic effi ciency of the transport system is raised 
to the optimum [11]. This concept today is becoming an 
important part of the sustainable transport strategy, with 
very signifi cant infl uence and usefulness for the quality of 
life for citizens, the most important being:

 - Changes the habits of users in realising their 
transportation needs and encourages redirec-
tion to sustainable modalities of city transport of 
passengers,

 - Saves public place, because it decreases use 
of private cars,

 - Infl uences modal distribution of motorised 
movement in a city, because it increases the 
number of users of the PCTP system.

 - Encourages increased dynamics of the city’s 
system for transportation of passengers, and 
contributes to creating a more effi  cient and 
eff ective subsystem – PCTP.

 - Infl uences that the transport service provides 
a more fl exible and comprehensive way,

 - Decreases time of travel as one of the basic 
elements of all forms of quality according to 
users of the public city transportation of pas-
sengers,

 - Decreases costs of travel compared to the 
use of private passenger cars,

 - Contributes to sustainable development and 
quality of life in city agglomerations.Picture 1. Combined mobility pla� orm
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Periods of change, colloquially called a transition, 
envelop all segments of social and economic develop-
ment of the countries in the region. The transition pro-
cess in the structure of change in ownership relations, 
carries with it transfers of capital being invested in 
new technologies, sets new development strategies and 
reaches greater levels of competition in the market. The 
state acts as a regulator of economic development, in 
terms of creating a climate, most often by adopting regu-
lations and creating equal market conditions. In order to 
ensure favourable and reliable investment climate in the 
area of services in the city public transportation system, 
it is necessary to create suitable climate, above all within 
process and substantive regulations defining conditions 
for operation and behaviour of businesses [17]. 

SYSTEMS OF FLEXIBLE TRANSPORTATION 
OF PASSENGERS
A division of flexible transportation of passengers can 
be made based on different characteristics that make this 
system different, but the usual division is according to 
the technical-technological characteristics criterion.

Based on this, the dominant forms of flexible trans-
portation of passengers are (Picture 3.) [10]:

-- taxi transport;
-- modified use of personal vehicles - cars (so-

called “carpool”);
-- semi-public transportation, i.e. transportation 

available only to a set of users (e.g.: residents of 
a zone, members of a business system or organ-
isation), and which is realised by rented vehicles 
(buses, mini-buses,…);

-- jitneys, i.e. taxi transportation over predeter-
mined routes or corridors;

-- group transport towards several individual calls 
(satisfies public transportation service in the 
“zone” between taxi transportation and public 
line transportation of passengers, with the route 
of the vehicle is formed according to concrete 
calls and needs);

-- public bicycles;
-- individual transportation on call (similar to 

taxi transportation, with the transportation per-
formed by the people who do not do this full 
time).

Picture 3. Subsystems of flexible transportation of passengers

Joint use of private cars (carpool) is a subsystem 
of flexible city transportation of passengers, available to 
certain number of users in space and time. This joint use 
is achieved through various forms of car rentals or, more 
often, group transportation by private cars in movement 
lines, such as commuting to work [1].

Car sharing is a form of semi-public service in 
which the user individually optimises the realisation of 
the service in accordance with transportation needs. Use 
of such service is based on a community (membership in 
a group or a club).

Taxi system in most of cities is an important com-
ponent of the total city transportation of passengers. It 
is a mode of public transport conducted in standard or 
specially adapted passenger cars (Picture 4.). It performs 
individual trips, i.e. “door-to-door” trips [2] [3].

Picture 4. Taxi vehicle

Jitneys are a form of flexible transportation of 
passengers that provides transportation services over 
a predefined (fixed) route, but without a timetable [5]. 
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This service is provided in vehicles with relatively small 
capacity (up to the minibus size, Picture 5.). Along the 
route the entry or exit of passengers from the vehicles 
is conducted at predetermined locations or on user’s re-
quest.

Picture 5. Minibus operating as paratransit

Demand responsive transport (call) is a type of 
semi-public and public transportation of passengers that 
provides service to individual users, over flexible routes, 
in flexible timeframes. In other words, demand for ser-
vices and offering transportation service is constantly 
harmonised with the aim to be adjusted to individual 
requests, i.e. users. 

In comparison to factors that more closely deter-
mine the character of the transportation service (such as 
the route, stops, time, reservations, etc.), there are differ-
ent variants of this type of flexible transport:

-- with fixed characteristics of services over a cor-
ridor. Static and dynamic elements are defined 
similar to line transportation, with possibility of 
deviations in accordance with changes in trans-
portation requests and decisions of operators. 
The flexibility is most often reflected in that the 
departures are fixed on one part of the route, 
while on the other they are adjusted and ex-
tended according to needs. Issuing a request for 
transportation is conducted before or during the 
service itself (stopping the vehicle on the route).

-- with semi-fixed characteristics on a corridor. 
According to this modality the base route, stops 
and timetable are defined. Departures of vehi-
cles are conducted independently from issued 
transportation requests. If there are special re-
quests, the vehicles can stop on other locations 
along the corridor (which is a problem for the 

operators, and the reason they ask for a request 
for transportation to be issued).

-- with flexible characteristics and defined stops 
over the service area. This concept involves 
organising service realisation over a set ser-
vice area (region and/or corridor) with defined 
stops where the service is performed (entry/
exit of passengers) in accordance with issued 
requests and route optimisation by the opera-
tor according to different criteria (minimising 
the route length, minimising waiting times for 
users, minimising number of vehicles, etc.). A 
frequent modality is contracted transportation 
with certain subjects (businesses, institutions,…) 
according to which multiple starting points and 
one destination is defined, and vice versa, one 
starting point and multiple destinations.

-- ‘’door-to-door”. This concept is organisationally 
most demanding, but the most flexible mode of 
transportation. It is suitable for users with lim-
ited capability to realise mobility needs. It is re-
alised by grouping requests for transportation 
into one ride (so-called “group” taxi).

Public bicycles are a subsystem of flexible public 
city transportation of passengers available to users as a 
public service to realise transportation. The users realise 
or complement their transport needs by using public bi-
cycles, optimising the transportation process by them-
selves.

The greatest positive characteristics of paratransit 
that it can be harmonised with other modes of public city 
transportation of passengers, in forms that are specific 
for each environment, but especially with line transpor-
tation of passengers. 

DUALITY OF THE PUBLIC CITY 
TRANSPORTATION SYSTEM - FLEXIBLE 
TRANSPORT SYSTEM

In most of the cities in the world there are mostly two 
passenger transportation systems: institutional - PCTP 
and flexible. They work according to very different 
models and coexist in a complex relationship that var-
ies from one to the other context. Institutional transport 
involves public passenger transportation services that 
are often referred to as planned or regular transporta-
tion services on line routes according to a predefined 
timetable. That means that public of private companies 
of a formal structure provide transportation services ac-
cording to regulations defined by the competent body of 
that city (appointed by the city administration). These 
carriers develop their networks in accordance with qual-
ity standards of the transportation services defined (im-
posed) by their management body, with often low prices 
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of transportation due to them being subsidised by the 
local authorities.

Flexible transportation of passengers often works 
on the “periphery” of institutional one, although some-
times in cities that do not have good and quality PCTP 
system (mostly smaller cities and towns) it takes over the 
main component of the PCTP system [6] [7]. In several 
documents that analyse public transportation of passen-
gers in several cities, it is often described as poorly or-
ganised and inefficient sector in terms of transportation 
of passengers. Critics of flexible transportation also point 
out disloyal competition that severely punishes institu-
tional transport. Experts that often believe that this sub-
system is even harmful for the whole of city passenger 
transportation system still believe that the presence of 
flexible transportation is justified.

Flexible transportation meets those types of trans-
portation requirements that generally only this transpor-
tation system can satisfy. As we said, in many cities this is 
the only available type of transportation. This system, in 
a pragmatic way is adjusting to the local context in cities 
where the institutional framework is inadequate or inef-
ficient and where topography and geography become an 
obstacle for the development of bus lines. Along with that, 
unlike the PCTP subsystem which is under the authority 
of the city administration, services of flexible transporta-
tion have the ability to adjust to the expenditures of the 
city population. In order to study potential possibilities 
for coordination of flexible transportation and the PCTP it 
is necessary to understand basic business models of both 
types of services. Specifically, institutional PCTP is estab-
lished by the city authorities (who are responsible for this 
system) who invest into the public transportation service. 
The authorities impose business conditions through sub-
sidies and donations to the system, because it cannot cover 
on-going operational expenditures of carriers nor provide 
necessary funds for the development of this system. How-
ever, balancing quality and quantity (giving advantage to 
profitability) often results in: decreased road worthiness 
of the vehicles, poor organisation of the system, increased 
age of vehicles, causes disruptive competition amongst 
carriers, which is generally harmful for public transporta-
tion of passengers.

As far as the flexible transportation services are 
concerned, they are a result of private initiatives, i.e. car-
riers, which are developing spontaneously. The main 
goal of carriers is to survive at the transportation market 
and increase their profit. Due to the above, operation of 
the institutional PCTP system and the paratransit system 
can easily come into conflict [8] [9].

Recent research in large number of cities of the 
world shows that these two components of the public 
city transportation are in fact potentially complemen-
tary. These researches confirm a large share and impor-
tance of the flexible transportation subsystem in the total 
transportation system of each city.

Specifically, in a balanced city transportation sys-
tem different modal systems are coordinated, so that us-
ers can easily travel by combining several subsystems, 
but while each of the subsystems is performing the role 
both physically and operationally most suitable for it.

On the other hand, many Case Studies in a wide 
spectrum of urban situations focused on the specific role 
that each type of service has in the city and on the opera-
tional relations achieved between the flexible and insti-
tutional transportation. 

CONCLUSION
The strategy of UITP (International Association of Pub-
lic Transport), in relation to the sector of the public city 
transportation of passengers aims at doubling of the 
market share of the PCTP system by the end of 2025.

Successful cities and cities suitable for life rely on 
efficient PCTP to realise their trips, which in synergy 
with the subsystem of flexible transportation of passen-
gers provides users with a combined transportation ser-
vice, i.e. provides the citizens of an urban area a so-called 
combined mobility service.

Combined mobility is the synergy of the system of 
public mass transportation of passengers and the system 
of flexible transportation of passengers (paratransit), and 
together with walking on foot they make the complete 
solution to realise transportation needs of citizens in ur-
ban areas. 

However, balancing quality and quantity (giving 
advantage to profitability) often results in: decreased 
road worthiness of the vehicles, poor organisation of the 
system, increased age of vehicles, causes disruptive com-
petition amongst carriers, which is generally harmful for 
public transportation of passengers [12].

One of the key characteristics of paratransit is that 
there are no direct subsidies by the local or national au-
thorities (this excludes the use of urban infrastructure 
which is sometimes considered as indirect subsidies). 
The only source of income in this sector is the paying 
passengers. In general case, there are three financing op-
tions: through loans, through personal savings of carri-
ers or through informal loans.
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