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EDITOR’S WORD

Dear Readers,

This is the second issue of the intermationally reviewed scientific journal “Traffic and Transport Theory and
Practice -TTTP” published by Pan-European University “ Apeiron” Banja Luka, Faculty of Traffic and Transportation
Engineering.

The Journal is published in an electronic, open access, and printed edition. Our desire is that readers can access
it easily and cheaply. In addition to traditional technical, engineering issues visible in publishing information, we
publish papers from all scientific fields that gravitate toward traffic and transportation. We believe that reviews of
the basic activities by other professionals would also be significant in the future. We will also nurture papers that are
created in collaboration with students, trying to involve them in scientific work.

This issue proudly presents ten papers that explore different topics ranging from traffic safety, traffic air pollu-
tion, intelligent transportation systems, environment protection and public transportation.

We hope that the published papers will encourage your cooperation.

Sincerely
Mirsad Kulovic,
Editor-in-Chief
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ORIGINAL SCIENTIFIC PAPER

The possibilities of using biodiesel in service of reducing
the urban air pollution

Veljko Dukié¢
Ph.D. Paneuropean University Banja Luka, Faculty of Health Sciences, Banja Luka, Republic of Srpska, Bosnia and Herzegovina, vljkuki@gmail.com

Abstract: Using renewable energy is in line with the global strategy of sustainable development. The use
of biofuels in transport contributes to increasing security of supply and reducing dependence of the trans-
port sector on oil, reducing the share of greenhouse gas emissions from road transport and sustainable
development of urban areas. The advantage of biodiesel in comparison to other alternative fuels can be
seen in use in existing vehicles without or with minor modification of existing motors, depending on the
concentration of biofuels in combination with fossil fuels. This paper discusses the possibilities of reducing
the air pollution by using biodiesel, pollutants arising as a result of combustion of fuel in internal com-
bustion engines, as well as the possibility of using waste cooking oil to produce biodiesel. The presented
results show the reduction of air pollution using biodiesel as an alternative fuel, as well as the possibilities

Received: April 10, 2017
Accepted: October 18, 2017

of solving the problem of wasting edible oil by using it for biodiesel production.

Key words: biodiesel, air pollution, edible oil.

INTRODUCTION

The viability of the environment considers that degree of
the emitted pollutants does not exceed the capabilities of
the air, the water and the soil to absorb and adapt them. At
the same time, it entails constant preservation of the bio-
logical diversity, human health as well as the quality of the
air, the water and the soil which are sufficient for life and
the well-being of the man according to standards. [1]

The air pollution happens due to the emissions of
gassy and solid materials, it often occurs as the result of
human activity but also by the emissions from the natural
resources. The air pollution happens when concentration
of the certain substances (pollutants) reaches toxic amounts
i.e. it starts to have negative effects on human health, flora
and fauna. [2]

The ideas on the manners of reducing carbon-dioxide
emissions into the atmosphere, have resulted in the use of
bio and other renewable fuels. European Parliament Direc-
tive on Climate Change and Energy has the aim to ensure
the reduction of the emissions of the gasses with the green-
house effect by at least 20%, improvement of energy effi-
ciency by 20% and the use of the renewable energy by 20%
of the overall energy consumption in EU until 2020.

INTERNAL COMBUSTION ENGINES AS AIR
POLLUTANTS
The internal combustion engines are the major sources of

certain pollutants into the air. As the sources of the air pol-
lution they are present in the road vehicles, airplanes, ships,

agricultural and construction machines, static engines, elec-
tric power turbines. They pollute by emissions of carbon-
monoxide with 73%, 56% of carbon-dioxide and with 50%
of total NaOH emission into the atmosphere.

ROAD TRAFFIC AS THE SOURCE OF POLLUTION

The road traffic presents significant source of pollutants
in the most of the countries. Although the introduction of
the new standards has reduced the emissions from the car
engines, the road traffic has still been the biggest source of
carbon-monoxide and non-methane hydrocarbon and al-
together with energy sources has been the biggest sources
of nitrogen oxide; and with households it has been the
biggest emitter of the smoke and soot.

Road traffic is the biggest cause of pollution in the
urban areas. About 60% of total air pollutants in urban
areas come from the internal combustion engines.

The emission of the air pollutants while burning in
the internal combustion engines depends on many fac-
tors of which the most important ones are the following:
the quality and type of the fuel, type of the motor, the
driving conditions and heavy load of the vehicle (table 1.)

Table 1. The emission of the product of the combustion of fuel and
diesel engine

co Hydrocarbon NO SO, Solid particles
% ppm ppm ppm g’

Diesel engine 0,1 300 4000 200 0,5

Fuel engine 10,0 1000 4000 60 0,01
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The combustion is a complex set of physical and
chemical processes which, besides numerous thermal ef-
fects, are followed by the vibrational, sound, light and
other phenomena. The time of the fuel mixture combus-
tion is limited by the engine work cycle and other phe-
nomena and lasts for a few milliseconds.

The real combustion processes are always incom-
plete. The main reason is that the air gets into the com-
bustion process and makes one fifth, while nitrogen
holds the biggest percentage. The second reason is that
the fuels are mixture of different carbon-hydrogen so
their combination and recombination is happening all
the time during the combustion process. The third reason
is that those fuel mixtures in the chamber are undefined
in respect to make-up, and physical and chemical condi-
tions that are undefined by the space and time (some-
times they are suitable for complete and sometimes for
incomplete combustion).

THE POSSIBILITIES OF REDUCING THE AIR
POLLUTION

The reduction of pollutants emission into the air in the
internal combustion engine can be achieved by:

* Increasing the quality of the used fuel,

* Optimization of the work process in the engine,

* Additional processing of the exhaust gasses,

* Using the alternative/ substitute fuels.

The use of the alternate fuels for motor vehicles rep-
resents realistically one of the possible ways of cutting
down the pollutant emission from the exhaust gasses of
the vehicles. The use of alternative fuels may result in
the reduction of dependence on conventional fuels, de-
rived from the oil whose reserves are limited. The part
of alternative fuel is renewable, so this is why the issue
of the choice of the appropriate fuel can be observed in
the big picture.

The most important ones are: gas fuels, alcohol fu-
els and biodiesel.

The Liquefied Petroleum Gas (LPG) and Compressed
Natural Gas (CNG) are used as alternative gas fuels. The use
of the natural gas instead of conventional fuel cuts down
the carbon monoxide, NaOH and solid particles emissions,
it also reduces carcinogenic effects of the exhaust gasses
and their influence to create smog Alcohols as alternative
fuels are used in the mixture with the oil fuels. The most
frequently used ones are: methanol, ethanol, isopropyl al-
cohol, secondary butyl alcohol and tertian butyl alcohol.

Weak lubrication of alcohol, low octane numbers
and great hygroscopicity and corrosivity make the use of
alcohol in diesel fuels difficult.

BIODIESEL AS ALTERNATIVE FUEL

Biodiesel is a mixture of Fatty Acid Methyl Ester which
has standardized quality. Biodiesel - the name itself in-

dicates the fuel derived from bio-material, first of all oil,
but also from the animal fat as well as the oil and fat used
for the cooking. [3].

Biodiesel is non-toxic, it is biologically renewable
and degradable. It is produced by the reaction of trans-
esterification of the plant oils (triglycerides). By trans-
esterification of the vegetable oils, in the presence of cat-
alyst triglycerides, it reacts with alcohol producing the
mixture of Alice Ester Fatty Acids and glycerol’s.

Transesterification is affected by multiple factors,
such are: catalyst, the molar relation between reacting
fluids, temperature, the pureness of reaction fluids and
the make- up of the free fatty acids.

THE EFFECTS OF THE USE OF BIODIESEL ON
THE ENVIRONMENT

A significant move has been made toward the improve-
ment of the air quality in the most polluted urban areas
in the past two decades. Using biodiesel as substitute
to fossil fuels foresees further improvement of the air
quality regardless of whether the fuels are used in the
conventional engines with internal combustion or in the
new, cleaner automobile technologies.

Using the biodiesel, instead of the fossil fuels, re-
sults in the significant reduction in emission of the gasses
with the effect of the green house. The quantification of
these effects to the environment is being conducted by
the measuring of the net emissions during the complete
chain of production and consumption. The water pollu-
tion is linked to the oil products and the oil spills which
results in the contamination of the underground waters
from the reservoirs and the outflow of the spilt fuel. Bio-
diesel, unlike the fossil fuel, quickly biodegrades, and
does not represent hazard to waterways and under-
ground waters. Biodiesel spill does not represent hazard
to the environment [4].

The main advantage in the use of biodiesel as re-
newable fuel is the significant reduction in the carbon-
dioxide emission. The emission of the sulphur oxides,
suspended particles and carbon-monoxide is reduced.
The advantages and the disadvantages depend on mix-
ture used as well as the work of the engine. .

Table 2. shows the comparison of biodiesel emis-
sion (B 20-mixture 20% biodiesel 80% fossil diesel fuel
and B 100-pure 100% biodiesel).

Table 2. The comparison of the emissions of the exhaust biodiesel

gasses
Reduction in Pollutant
the emission
m.com.panson 0 SO!Id Carbon-Hydrate co €O,  Sulphur
with diesel fuel * particles
B20 +2 -10 -15 -11 -15 -20
B 100 +10 -50 -65 -52 -80 -100
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Researches and comparisons were conducted on
pure diesel, pure biodiesel (mark B100) and diesel fuel
mixture and biodiesel in ratio 80:20 (mark B 20).

The values of the potential reduction in the indi-
vidual pollutant emission using the biodiesel were [4]:

* Carbon-monoxide (CO,)-each ton of fossil die-
sel fuel emits about 2,8 t of CO, into the atmo-
sphere. Specific make up of carbon in one ton
of biodiesel is smaller so the emission of CO, is
about 2,4 t. Regarding the fact, that the plants
absorb carbon-dioxide during the photosynthe-
sis process; using the biodiesel the net emission
of carbon-dioxide is almost zero.

* Sulphur-Oxides (SO2) - when fossil diesel fuel
burns, sulphur is emitted into the atmosphere in
the form of sulphur-dioxide contributing the emer-
gence of the acidic rains. Biodiesel contains sulphur
in traces. The European Union promotes the use of
fossil diesel fuel containing sulphur under 50 ppm.

* Nitrogen-Oxides (NO ) - emission of the nitro-
gen oxides from biodiesel can be increased or
decreased in relation to the fossil fuel emission,
depending on the type of engine and additional
process of the exhaust gasses. Nitrogen-oxide
emission from pure diesel is being increased by
10% comparing to fossil fuels.

e Carbon-Monoxide (CO) - biodiesel contains ox-
ides, improving combustion process and reduc-
ing the carbon-monoxides emission for about
48% in comparison with fossil diesel fuels.

* Solid particles - inhaling suspended and solid
particles is a serious problem and represents
hazard for the human health. By using biodies-
el, the solid particles emission from the exhaust
gasses is by 47% lower than it is with fossil fuels.

e Unburnt hydro-carbons - The unburnt hydro-
carbons emission in the exhaust gasses while us-
ing bio-diesel is approximately 67% lower than
it is in the fossil diesel fuel.

* B100 reduces the risk of cancer by 94% and B20
by 27%.

THE RAW MATERIAL FOR THE BIODIESEL
PRODUCTION

The basic raw material for the production of biodiesel
are: vegetable and animal oils and fats or the waste oils
or fats used for the alcohol and food preparation.

Biodiesel production uses catalyst, acid and demin-
eralized water as auxiliary material.

Fats and oils are materials of vegetable and animal
origin composed of Glycerol-Ester and fatty acids, the
so-called triglycerides and non-glyceride components.
The raw materials for the oil and fat production repre-
sent renewable sources and enable production of the se-
ries of products for technical and food purpose.

Under the influence of the high temperature during
the exploitation, the edible oil produces carcinogenic poly-
cyclic aromats whose technical decomposition on the hot
surfaces creates extremely toxic and dangerous products.

The waste oils used for the preparation of food can
be used as the raw material for biodiesel production.
The used oil is often thicker, because of the hydrogena-
tion, and contains vegetable and animal fats from pre-
pared food. The advantage of the waste oil is that it is an
available waste product. The intensive examinations on
the possibilities of biodiesel production from the waste
cooking oils, food processing, city waste and animal lard
are being conducted.

Using the waste edible oils as raw material for the
biodiesel production achieves the following:

* Gaining the ecological fuel,

* Resolving the waste oils problem and

* Gaining the useful by- product- glycerol.

CONCLUSION

The examinations have shown significant reduction in
the solid particles, carbon-dioxide, carbon-monoxide,
sulphur-dioxide and hydrocarbon into the atmosphere
using B20 and B100 fuels compared with the convention-
al diesel fuels.

The use of biodiesel increases the nitrogen-oxide
(NaOH) emissions which can be disregarded in com-
parison with the reduction of the emissions of pollutants
listed above. The reduction of the nitrogen-oxide emis-
sion can be achieved by the additional processing of the
exhaust gasses.

Using biodiesel as alternative fuel, besides positive
influence in respect of the reduction of the exhaust gasses
emissions, has the advantage of biodiesel being a renew-
able source of energy. Methyl esters and alcohol are de-
rived from the raw materials of vegetable origin, and the
combustion products like carbon-dioxide (CO2) and water
(H20) are used in the photosynthesis process by plants.

The use of waste edible oils as material for the bio-
diesel production should be encouraged through the se-
lective collection of waste edible oils.

The possibilities of biodiesel production are limited,
and the expected use in the near future is questionable.
The main problem is in the low efficiency of production
plants and engines which should use biodiesel.
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Abstract: This paper tries to model the public passenger transport system in the railroad traffic from
the aspect of the PSO obligation — the Public Transport Obligations, defined by a Regulation enacted by

the state level of authority, in accordance with the EU Parliament Regulation 1370/2007/EC. The paper
focuses on the aims of the Regulation which regulate the PSO principles, system financing, compensa-
tion and subsidies systems. It also establishes the conditions and trends in EU countries. There is also
stress about the structure of expenses and income in the exploitation process in relation to the need for
subsidies by local authorities for the transport of passengers.

Key words: Regulation, PSO- Public Transport Obligation, trends, expenses, income.

INTRODUCTION

Under the conditions of free market functioning in the
sector of passenger public transport, operators/carriers
would not undertake the obligation to provide services
that are not cost effective. However, if those services are
in general public interest, competent authorities at state
and regional level have to ensure the services whereby
they introduce and apply various regulations and instru-
ments such as the obligation to provide non-commercial
transport service.

It should be emphasised that regulation of the Eu-
ropean Union (abbreviated the EU) reserves the right to
impose the obligation of public transport service, but
with the obligation to conclude suitable contracts with
operators which define terms of transport and appropri-
ate compensation for the provision of passenger public
transport service. (abbreviated PSO). Such mechanism
of ensuring passenger public transport service is named
“Public Service Obligation” (abbreviated PSO), while
the Law on Railroads in Serbia calls it “Public Transport
Obligation” (abbreviated PTO).

Therefore, different countries (central, regional or
city authorities) apply different models of awarding con-
tracts depending on the institutional framework, avail-
able financial resources as well as the form and level of
railway system restructuring. Differences are evident in
several elements of awarding contract, out of which the
most important ones are the following:

* services covered by PSO,

* market openness,

* method of awarding the contract,

* shared risk for revenues and costs,

* ownership over the means of transport,

e contract duration,

* use and control of budget resources for passen-

ger public transport/passenger service obliga-
tion.

The development of transport as a part of techno-
logical process is a common requirement for quality life
of the society and economic development. In all eco-
nomically developed countries, transportation system
structure is evident. This fact indicates that planned and
conscious development o transportation system must be
a part of economic policy of a country [1]

PSO PRINCIPLES OF PASSENGER SERVICE
OBLIGATION SYSTEMS

PSO PRINCIPLES - BASIC ASSUMPTIONS

Two basic notions that are included in the new pas-
senger public transport system are: Public Service Obli-
gation - PSO) and Public Service Compensation. Defini-
tions of these notions are as follows":

* Public Service Obligation - PSO means a re-
quirement defined or determined by a compe-
tent authority in order to ensure public passen-
ger transport services in the general interest that
an operator, if it were considering its own com-
mercial interests, would not assume or would
not assume to the same extent or under the same
conditions without reward;

e Public Service Compensation means any ben-
efit, particularly financial, granted directly or
indirectly by a competent authority from public
funds during the period of implementation of a
public service obligation or in connection with
that period;

General aims of the regulation regulating the Public

! Definition of the above stated terms are given in EU Regulation 1370/2007/
EC (Regulation on public passenger transport services by rail and by road and
repealing Council Regulations No 1191/69 and 1107/70).

http://www.tttp-au.com/
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Service Obligation - PSO principles are the following:

* The regulation aims to oblige authorities to stop
granting subsidies without control for the needs
(the passenger transport) that can be satisfied
solely by the market (the so-called profitable
operators) and for the activities for which the
market can ensure services at lower prices when
applying the principle of open access and where
there is a fair competition in place. These subsi-
dies (but also the exclusive rights) are deemed to
be sources of discrimination among operators.

* Only those needs that cannot be satisfied by the
“strength of the market” (the so-called unprofit-
able transports), mainly due to the fact that they
do not ensure profitable business, justify grant-
ing subsidies, however under the strict control
and after the tendering procedure. Exempted
may be passenger service obligation by rail so
that Regulation 1370/2007 allows direct grant of
the service contract on PSO.

Specific objectives and the concept of the new regu-

lation are reflected in the following aspects:

* It is necessary to identify transport services in
the general public interest and it is evident that
an operator (or operators in another region) who
is providing the service may not accomplish
their own economic interest without compensa-
tion.

* Granting the competent authority (state, re-
gional or city authority) the power to impose an
obligation for an operator to provide such ser-
vices (Public Service Obligation - PSO), which
ensures the public interest protection.

* Itis necessary to protect the commercial interest
of operators in the way that PSO would get an
appropriate compensation which is determined
by specially defined methodology.

* It is necessary to protect the interest of the com-
petition and the market principles so that the
compensation granted to the operator must not
be excessive, but to cover clearly and transpar-
ently presented costs of the provision of PSO
and a reasonable (acceptable) profit, otherwise
other operators (carriers) would be in an unfair
position on the transport market;

* Mutual rights and obligations of the competent
authority for the implementation of PSO and the
operator must be defined by a CONTRACT.

The European Union regulated the system of PSO

by Regulation No 1370/2007/EC, and pursuant to the
said regulation the compensation for the provision of
PSO amounts to [6]

C=C-E-R+RP

where:

C - means operator’s operating costs of the provi-

sion of PSO,

E - means effects achieved by the award of the Con-
tract on PSO,

R - means revenue from direct sale of tickets,

RP- means reasonable profit defined by the Con-
tract on PSO.

It should be emphasised that a ten-year transitional
period has been envisaged (until 2019), and all countries
are obliged to provide the Commission with a progress
report within the six months following the transitional
period (2015). [2]

Competent authorities that can be local, state or
even international award Contracts on PSO directly or
through public tendering procedure (picture 2.3). In the
case of a direct award of public service contracts, the
competent authority shall make public the following in-
formation within one year of granting the award:

1. name of the contracting entity,

2. duration of the public service contract,

3. description of the passenger transport services
to be performed,
description of the parameters of the financial
compensation,
quality target (punctuality, reliability and other),
applicable penalties and bonuses,
conditions relating to essential assets.

PSO essentially means A CONTRACT ON

PUBLIC SERVICE OBLIGATION. Regulation

1370/2007/EC stipulates the contents of the

contract which must cover the following items:

* Precisely defined obligation of the transport that
the operator should fulfil,

e Parameters and the methodology based on
which the COMPENSATION shall be calculat-
ed,

* Arrangements for the distribution of costs and
revenues

* Duration of the contract.

b

P NG

NADLEZNI ORGAN
(medunarodni, drzavni, lokalni)

DIREKTNA
DODJELA
1.Interni operator
2. Prevoz
Zeljeznicom
3.Hitna mjera
4. Manja vrijednost
ugovora

TENDER

Po pravilu u
svim ostalim
slu éajevima

* nacionalni
e strani

e javni
e privatni

Picture 2.3 Principles of the award of a contract on PSO




Snjezana Rajilic:
Public Service Obligation System Principles

TTTP (2017) 2(1-2):8-15

Middle column: Left column: Right column:
COMPETENT AUTHORITY DIRECT AWARD TENDER
(international, state, local) 1. Internal operator Asarulein
2. Rail transport all other cases.
3. Urgent measure
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In addition to these mandatory elements, the con-
tract content may include: control over the execution of
the contract - form and dynamic of reports, measures to
penalise deviations from the contract, etc.

INTEGRATED PUBLIC TRANSPORT SERVICES

One of the most significant features of regional
and suburban corridors is that PSO on these corridors
is often provided by a number of operators providing
different forms of traffic. In recent years, it has been a
tendency that under such conditions the transport mar-
ket is offered an integrated transport mode. The main
aim of integrated system of PSO is to ensure, through
united functioning of various systems, a higher level of
the transport service quality and to increase accessibility
of the region. [3]

Based on the definition of the integration of the
system, PSO can be observed from three aspects,
some authors consider these to be the minimum,
namely:

* physical-network integration, which refers to
the integration with several types of passenger
transport;

* tariff, which presumes the use of a single ticket
in vehicles of all operators that are taking part
in the PSO;

* logical-informative, which refers to provision of
full information to public transport users,

* in addition to the three above indicated integra-
tion levels, a “wider integration” is mentioned
in relevant literature as the highest integration
level.

PRINCIPLES OF PSO ORGANISATION IN
EUROPE

Generally, most countries have effectively applied the
legal EU framework for daily activities of their public
rail services. Some other countries, dominantly the new
EU Member States from Central and Eastern Europe
apply this framework only formally. Although the EU,
through the European Commission defined standards
for this problem, passed unanimously adopted Regu-
lation, it was obvious that harmonisation of rules may
not be applied without taking into consideration the
specific political and economic context of each Member
State, which is the main reason for the existing set of

differences in national legislation, mode and level of the
application of the regulation and the models being ap-
plied. Analysis of the general situation of the applica-
tion and organisation of PSO in the EU, in particular in
the selected Member States was carried out on the basis
of the document CER (2011).

SITUATION AND TRENDS IN EU MEMBER

STATES

In the year 2011, these two models coexisted in the
EU and both models allow development of the competi-
tion among the operators. In other words, these models
do not exclude each other but they are complementary
methods for the introduction of competition. The con-
cept of regulated competition should be applicable to
services requiring a contractual basis with the authori-
ties due to the existence of PSO. The competition level in
such regulated market depends on how effectively con-
tracts are awarded. Competition is strongly developing
throughout the EU and it is based on tenders and nego-
tiation procedures. It is considered that this trend would
continue, ensuring that the sensitive issue of financing
the contracts is properly treated.

General framework for public services
Similar schemes for the organisation of public rail
passenger services are applied in countries that were the
subject of this research. There are three categories:
* public services provided solely at national level
(central authority level),
* public services provided at regional and local
level and
* public services provided through collaboration
of national and local authorities.

Determination of the public service obligation re-
quirements

Generally, public service obligation means “a re-
quirement defined or determined by a competent au-
thority in order to ensure public passenger transport
services in the general interest that an operator, if it were
considering its own commercial interests, would not as-
sume or would not assume to the same extent (or under
the same conditions without award)”. In other words,
the activity of the public transport service as rule is com-
mercially unprofitable.

Regulation 1370/2007 provides a very general defi-
nition of public transport services: they cover the “ser-
vices of general economic interest”, under the condition
that they are public and contracted on “non-discrimina-
tory basis and continuously”. However, national state
authorities are free to decide which services fall under
this category.

Main public service obligations that are currently
required from the operators in the EU include:

* Tariff obligations covering tariff allowances for
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certain categories of passengers. In certain cases
the law leaves certain level of freedom to the op-
erator to increase the tariff. In principal, limita-
tion is that railroad companies may not increase
their prices above the level determined by the
authority;

* Service frequency includes services between big
cities, during the peak times;

* Requirements relating to quality are explicitly
included in the part relating to PSO or indirect-
ly through the “Bonus-penal” system. This is a
very important aspect of economic implication
of the contract since quality has its price, so the
price should be negotiated between the parties.

Quality requirement usually include:

* Punctuality;

* Booking of tickets/seats;

* Services for passengers with reduced mobility;

* Information to passengers at stations, on trains
or general information;

* Requirements relating to the sale of tickets at
railroad stations and on trains;

* Hygiene on trains;

e Number of unoccupied seats in peak hours and
outside the peak hours;

* Attendance and appearance of the staff on trains;

e Characteristics of the rolling stock;

* Marketing possibilities of PSO / availability at
certain level of tariffs;

e Reliability of the service -including efficient
traffic of the planned train schedule and the ob-
ligation of substitution in the case of failure of
the means of transport.

PUBLIC FUNDING OF - PSO

Financial aspect of the public service obligation
is the essence of the problem, both from the business/
economic and from the political perspective. Its content
is dictated by the political decisions based on the na-
tional and/or decentralised social protection and the
policy relating to environmental protection. In theory,
these political objectives should be supported by an ap-
propriate financial construction. Very often, short-term
budget discretion has a significant impact on railway
traffic. [4]

The main principle laid down in Regulation
1370/2007 is that costs incurred from public service
obligation must be adequately compensated: no over-
compensation or under compensation is permitted.
These principles can be read in the said Regulation,
and/or:

* This Regulation lays down the conditions under
which competent authorities, when contracting
for public service obligations, compensate pub-
lic service operators for costs incurred and/or

grant exclusive rights for the provision of the
service (Article 1(1), paragraph 2).

e Public service contracts and general rules shall
determine the arrangements for the allocation
of costs connected with the provision of services
(Article 4(1) c refers to “mandatory content of a
public service contract and general rules”).

* In order to avoid “pre-compensation” or under-
compensation”, quantitative financial effects on
the network of the operator should be taken into
consideration when calculating the net financial
effect of the compensation (Annex indent 3).

* Public service costs must be balanced with the
operating costs and compensation paid by com-
petent authorities.

The gathered data indicate that in practice too many
countries still under-compensate the public service obli-
gation - PSO. The data presented in the picture 3.1 shows
that on average only 71% of net costs connected with PSO
were compensated by the competent public authority in
Central and Eastern Europe in the year 2009. Even in
EU15, where it is often assumed that operators are paid
full compensation for the provision of the public service,
data has shown that this is not the case. In the year 2009,
on average 94% net costs that are connected with the pro-
vision of the public service obligation was compensated
by the governments of EU15. It should be recalled that
the year 2009 was the year when public budgets were
quite tight due to the economic crisis.

M prosjek EU15

99%

96% 94% 97% 94%
I71% I79% I75% I73% I71%
2005 2006 2007 2008 2009

Picture 3.1 Average public compensations in EU15 and EU13 (% in
differences between the costs and revenues from the sale of tickets)

The question of a “reasonable profit” is also very
significant, but it is not clearly determined in Regulation
1370/2007. It obviously depends on the degree of risk
faced by an operator, and in practice it should be the sub-
ject matter of negotiations between the parties. “A rea-
sonable profit” is envisaged in most contracts.

The problem of under-compensation

The data indicate the public service obligation in
EU is not adequately compensated which has brought
unacceptable losses which made the operators to take
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short-term loans. 70%-75% of the loss suffered by the
operators at this moment is being compensated by com-
petent authorities in referent countries. This turns into a
significant deficit: one country has stated the deficit of
about 100 million € per year. Financial pressure caused
by the economic crisis reduced the available resources
in the public budgets. The result is that ministries in the
countries of Central and Eastern Europe have reduced
their budgets for public service contracts for about 50%,
without any reduction of the level of the service required
by the governments.

The phenomenon of under-compensation has
many negative implications to the operation of an oper-
ator, but also to the organisation and implementation of
the public service obligation system - PSO, out of which
the following are most important ones:

* Certain obligations are only implicitly and
not explicitly required by competent pub-
lic authorities: railway companies sometimes
continue providing the services that are not
covered by the service contract concluded with
competent public authorities in anticipation of
political problems in case they cease to provide
the services,

* Compensation through commercial revenues:
losses are compensated through the allocation
of revenues from rail freight to passenger pub-
lic transport, which may affect the commercial
sustainability of freight traffic. While this could
be the commercial choice of healthy railways, it
is not in accordance with the law if it is imposed
by a competent public authority or where inac-
tivity of the authority leaves no choice to the
railway company concerned,

* Quality implications: railway companies, in
particular but not limited to the new member
states, suffer from a chronic inability to renew
their rolling stocks. Average age of the rolling
stock that is used for the public transport ser-
vices in new member states is 30 years, which
tells the passengers enough about the quality
of the service.

* Low availability of the rolling stock: estab-
lishment of a rolling stock is expensive to man-
age because of running malfunctions and spare
parts shortage. This is reflected in the offered
capacity.

* Change of the type of transport: low reliability
and quality of the service result in the change of
the type of transport to environmentally worse
types, such as road transport.

e Competitiveness: all above stated difficulties
are reflected in the general competitiveness of
railway companies in relation to new provid-
ers of the service or to those undertakings that
receive an adequate compensation.

Any tendering procedure for the provision of the
public service for which it is clear in advance that it
would be under-compensated cannot be successfully
carried out in any possible way. [5] The tendering pro-
cedure may be finished formally, but positive effects of
the tender for the market may occur only when there
is more than one offer. From economical point of view
there are obvious solutions to this problem.

PUBLIC SERVICE OBLIGATION - PSO
PRINCIPLES IN THE REPUBLIC OF SRPSKA

Under the current conditions, when it comes to PSO,
the most usual forms of service are suburban bus lines
that do not fall under the competences of local authori-
ties, but under the competence of the Ministry of Traf-
fic and Communications. Pursuant to actual regulation,
the Chamber of Commerce has been entrusted the role
of an arbitrator. With regard to the current method of
registration of lines and timetables in the territory of
the region (municipality) and/or given that passenger
transport is “de facto” managed by operators (carriers),
the option of the impact of the local self-government
(municipality) to ensure for their citizens a functional
and quality transport are very limited or even gener-
ally disabled.

Naturally, the function of the public transport may
not be privatised, but for the execution of the function,
as a public service, the responsibility lies on each unit of
the local self-government.

Establishing legal frameworks and normative
regulations of the activity of passenger public transport
requires determination of the subjects or basic holders,
who define the interaction between the public transport
function on one hand and the operator carrying out the
transport of passengers on the other hand. The pub-
lic transport function presumes determination of legal
regulations and procedures, which enable the establish-
ment of transport system that would meet the needs of
the process of social reproduction and all the needs in
daily functioning of citizens. However, it should be em-
phasised that the actual legislation in the Republic of
Srpska, even in BiH, do not allow implementation of
the stated necessary requirements for the establishment
of an efficient and satisfactory transport system.

Passenger transport presumes the full realisa-
tion of the scheduled timetable on the entire network
of lines. It is clear that the function of the public trans-
port has an accentuated social (holistic) character in the
process of social reproduction, first of all the local self-
government since the urban and suburban passenger
public transport in its essence must be functional in the
space and the time, and efficient in the peak time. Re-
quirements so defined are contrary to cost-effectiveness
and profitability. Therefore, a functional public trans-
port that is not cost-effective and profitable contributes
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the development of self-government to a much greater
extent than the amount of resources for subsidising a
part of the costs not covered from revenues from the
tariff.

The existing concept of the urban and suburban
public transport on territories of the local self-govern-
ments is left to sole interests of the operators. In order
to create preconditions to change the current conditions
and move a step forward towards a better transport
system from the aspect of passenger transport many
changes should be implemented, first of all in legisla-
tion (Law on passenger transport by road and in Regu-
lation on harmonisation and registration of timetables).

One of the main obstacles for the improvement of
PSO on the territory of a certain local self-government
is in that the existing legislation does not allow a change
of a route line and its length, as well as the inability of
making a comprehensive proposal for a network line by
the local-self-government. A more significant improve-
ment of the offer and the quality of the service would
be achieved by such a comprehensive proposal for the
network lines and timetable implemented in the ter-
ritory of the local self-government and the competent
authority commission (chambers of commerce) should
harmonise with the same comprehensive proposal of
neighbouring local self-government units.

However, the existing Regulation takes into ac-
count, first of all, a mutual harmonisation among op-
erators/carriers whereby it is presumed that operators
would propose the lines which they evaluate to be prof-
itable.

Simultaneous planning and defining the network
of local and regional lines result in that there is no
meaning and need to introduce any protected times.
The protected times in the current state of things have
not brought any good results, since the public transport
is not carried out after the registered timetables which
means that operators “protect” themselves on their
own in the manner that they do provide all of their
registered departures®. Limited length of lines cause
numerous disadvantages when it comes to the technol-
ogy and organisation of PSO, which first of all refers
to: unsustainable transport organisation, poor utility of
infrastructure facilities, disabling safe and functional
change for passengers from one line to another, impos-
sibility of using several lines with changes, impossibil-
ity of changing the traffic regulation, incompatibility
with other traffic sub-systems, etc.

The competence of regulatory bodies (chambers)
is not in the function of consistency of the network of
lines but of protecting the formal boundaries of mu-
nicipalities. This illogical thing should be corrected by
amending and modifying the two Regulations so that
true needs/demands are harmonised between the unit

2Excuses are different, usually absurd and unacceptable, such as non-exist-
ent failures and fuel shortage.

of the local self-government and the competent body
authorised by the Ministry, and only after that ensure
harmonisation among the operators (Simeunovi¢ 2010).
The aim is to achieve the main purpose of harmonisa-
tion of timetables in order to achieve maximal satisfac-
tion of citizens and passengers so that the local self-gov-
ernment units and competent authorities could manage
the functional process among different sub-systems of
the public transport, which has become a mass phe-
nomenon in the developed EU states and the world,
and that is missing today in the public service obliga-
tion system - PSO in the Republic of Srpska and Bosnia
and Herzegovina.

Local self-government (actually, this is about mu-
nicipalities) adopt, as a rule, Regulations on subsidising
the costs of transport of regular pupils of primary and
secondary schools in their respective territories. This
regulation lays down general and special requirements
that subsidised participants must meet, namely:

1. General requirements

* that they are registered as regular students of
primary or secondary school which is in the ter-
ritory of the subject municipality,

* that the distance between the departure station
and their school is above 4 km?,

* that they commute to school every day either to
attend classes or practical teaching.

2. Special requirements (not applicable in all mu-

nicipalities)

* that they come from families whose members
(parents, brothers, sisters) receive financial
support,

* that they come from families whose members
(parents, brothers, sisters) receive care allow-
ance and assistance from another person or a
group,

* that they are classified in the category of chil-
dren with special needs,

* that they come from families with more than
four children.

The contract determines: the number of depar-
tures, departure time, traffic route and the amount of
monthly fare. In most cases, this transport is provided
only on working days. Some municipalities provide in-
centives for the transport carried out only on lines and
routes/distances where there are no interested passen-
gers for the registration of the respective municipality
lines. Contracts are concluded for each school year on
the basis of personal requests and at the requests sub-
mitted by respective local community.

The Department of Economy, Finance and Social
Affairs in each municipality is responsible for the im-
plementation of these Contracts, as a rule, and those

3This distance is commonly applied, but the distance is not uniformly deter-
mined so that municpalities decide at their discretion.
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departments establish a Commission to analyse the de-
mands for the transport of pupils and the commission is
obliged to monitor the realisation of the public service
obligation - PSO provided by operators as well as to
control invoices arising from the service provision.

When it comes to secondary school pupils, the mu-

nicipalities, in accordance with their budget facilities,
may pass a Decision to subsidise the costs of transport
of special category pupils referring to the following;:

* secondary school students, category of socially
vulnerable families and single parents,

* secondary school students from the families of
war invalids falling under the category I to 1V,
families with more than four children living
in the territory of the given municipality who
attend the school as regular students in other
municipalities, provided that the courses they
study are not provided by secondary schools in
the territory of the municipality,

* students that come from families of fallen fight-
ers and belong to socially vulnerable families
who attend the school as regular students in
other municipalities, provided that the cours-
es they study are not provided by secondary
schools in the territory of the municipality.

The above presented system of subsidising the

public service obligation refers exclusively to transport
by bus. Subsidising of passenger transport in the above
indicated method, or in any other form does not exist.
The Railway Company, Zeljeznice Srpske (ZS) receives
financial aid from the budget which is divided between
both undertakings and the infrastructure and the op-
eration (this implies passenger and cargo transport).
Some special methodologies based on which compen-
sation level is determined and the obligation of an un-
dertaking providing passenger transport services are
not being applied. ZS are obliged to deliver annual re-
port on the operation and/ or the achieved revenues, on
one hand, and on costs of the operation, on the other
hand. It should be emphasised that there is no clearly
expressed and defined methodology by means of which
costs of an operation are determined.

CONCLUSIONS

The Regulation 1370/207, the repealing Regulation
1181/69, has resulted in the application of new prin-
ciples of PSO in the passenger public transport system.
This Regulation clearly and unambiguously determines
the Public Service Obligation - and the Public Service
Compensation. The European Union has regulated by
the new system of PSO the compensation for the provi-
sion of PSO, in principal the problem of non-profitable
service of the local, i.e. suburban or regional passenger
transport has been resolved.

Regulation 1370/2007/EC lays down mandatory
content of public service contract that includes the fol-
lowing items:

* C(learly defined public service obligation which

the public service operator is to comply with,

e The parameters and methodology on the basis
of which the compensation payment is to be
calculated,

* Update and distribution of costs and revenues,

* The duration of the contract.

This paper obviously shows that it is necessary
to provide a rational selection of criteria for the model
solutions to the problem of under-compensation of op-
erators for the provision of passenger transport service.
It is necessary to allow comparisons of the variants of
the solution to the problem of under-compensation to
the operator, whereby the existing differences in the
size of operators, economic power of the state (region),
number of inhabitants, network infrastructure develop-
ment etc. are not taken into account. This means that it
is necessary to ensure that the value criteria includes
an acceptable imprecision in the form of a total error,
which would ensure reliability of results. The selected
criteria should cover the entire field of occurrences, i.e.
their identification should ensure the selection of those
criteria that substantially affect the selection of the most
favourable variant. The result of the selection of these
criteria mostly affects the output results of the model
applied to evaluate the balance sheet of the operation of
the operator providing passenger service, i.e. operating
costs are reduced and revenues from the sale of tickets
increase.

From all the above stated it becomes clear that
public service obligation - PSO is not fully implement-
ed. Hence it is necessary to undertake some of the fol-
lowing activities to ensure that the model of integrated
system of passenger service obligation is in place and/
or implemented in practice:

e Conduct a study of the system and feasibility

study,

* Take a comprehensive survey of potential pas-
sengers with special review of the employees,
students and in particular motorised popula-
tion with the aim of knowing the conditions for
the transition to the public service obligation
system.
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Abstract: As early as 2001, the Europeen Commision expressedin its White Book the need for assessing
the impacts on road safety and conducting road traffic safety inspections with the aim of reducing the
number of fatalities in car crashes from 2001 to 2010. In this context, the Directive 2008/96/EC on road
infrastructure safety was issued. The purpose of this Directive was to ensure higher level of traffic safety
during all phases of the road life cycle, from its planning, designing, constructing to the maintanance of
the road already in operation.
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The said Directive requires for procedures relating to the Road Safety Impact Assessment (RSIA), Road
Safety Audit, Network Safety Management (NSM) and ranking of high accident concentration sections
(Black Spot Management) and Road Safety Inspection (RSI) to be established and implemented.

This paper aims at showing the current state of affairs in countries of the region with regard to the
implementation of the road safety inspections.

The results of this paper will provide the scientific and expert public with insights into the state of trafic
safety of the region’s countries with regard to Road Safety Inspection.

Key words: inspection, road, traffic safety.

INTRODUCTION

In 2001, the European Commission in its White Pa-
per titled ,European policy for 2010: time to decide”
expressed the need for assessing the impacts on road
safety (hereinafter referred to as: RS), and carrying out
road safety inspections with the aim of reducing by
50% the number of fatalities in road accidents for the
period 2001-2010. As proposed by the Commission,
the European Parliament and the Council adopted the
Directive 2008/96/EC on road infrastructure safety
management [1].

The purpose of this Directive is to ensure that the
appropriate level of RS is maintained during all phases
of the road life cycle, from its planning, designing, con-
structing to the maintanance of the road already in op-
eration.

This Directive applies to the roads forming part of
the Trans-European road network but excluding tunnels
that fall under the scope of the Directive of the European
Parliament and the Council 2004/54/EC on minimum
safety requirements for tunnels in the Trans-European
Road Network (the Directive 2008/96/EC, point 5). One
of measures adopted in this Directive in relation to in-
creasing the level of road safety is the introduction of the
Road Safety Inspection (RSI).

Road Safety Inspection is the study of an existing
road or a section of road to identify any deficiencies that
may lead to road accidents [14]. Numerous studies have
confirmed the role and importance of RSI implementa-
tion with the view of reducing the number of road acci-
dents and increasing the level of RS ([3], [6], [10], [4], [5]).

ROAD SAFETY INSPECTION

British traffic engineers were the pioneers of road safety
inspection and first started, as early as 1980s, to carry out
road safety inspections. However, the concept of road
safety audits is much older. It reaches back as far as the
19% century, when military rail engineers were ordered
tolook into frequent rail accidents. Based on their discov-
eries and recomendations some changes were made in
order to prevent similar accidents from happening in fu-
ture, and the inspections became mandatory with respect
to all railroads before their putting into service. The pro-
cedures developed in Great Britain during 1980s, were
adopted by many other countries worldwide. Thus, in
1990s Australia, New Zeland and the South African Re-
public started to carry out inspections, while in Europe,
the example first set by Great Britain was followed by
Denmark, Island and Norwey. In the late 1990s, a large
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number of countries began to show interest in conduct-
ing inspections, among others Austria, Canada, France,
Germany, Spain, the USA, etc. [9].

The Directive requires member states to introduce
and implement procedures relating to [13]

* Road Safety Impact Assessment (RSIA),

* Road Safety Audit (RSA),

* Network Safety Management (NSM), and Rank-

ing of high accident concentration

* sections (Black Spot Management), and

* Road Safety Inspection (RSI).

Road Safety Impact Assessment (RSIA) and Road
Safety Audit (RSA) are carried out during the phases of
road planning, designing and puting into service, while
the Network Safety Management and Ranking of High
Accident Concentration Sections and the Road Safety
Inspection are conducted on roads already in use. It is
important to note that the cost-benefit ratio is inversly
proportional to the road use time variable, that is to say
the highest effects with the lowest costs are possible dur-
ing the phases of planning and designing of roads.

Road Safety Inspection (RSI)

RS Inspection is a preventive tool to reduce the num-
ber of road accidents and consequences thereof through
identification of deficiencies of a road and the surround-
ing area. According to Rune Elvik, road safety inspection
is a systematic check of existing roads in order to iden-
tify hazardous points, and it promotes measures to deal
with this issue. This process is carried out on existing
roads according to the set methodology. RS inspection
results in the preparation of the report on detected road
hazards and road safety deficiencies, to which the client
(road managing company or road authority) must pro-
vide response. RS inspection is not just the assessment
on whether the standards relevant for existing roads are
applied properly, but rather represents an comprehen-
sive review of the state of play and potential problems
existing on roads by observing it from the perspective of
different traffic participants. Thereby, appropriate solu-
tions to eliminate or at least to reduce road safety prob-
lems are suggested taking into consideration the needs
of various traffic participants.

RS inspection must be carried out when:

e aroad, a section of a road or an intersection is
identified as dangerous, for example: according
to the accident database or iRAP,

* there are other information about serious safety
problems on a road, a section of a road or inter-
section given by the Police, Road Maintanance
Unit, local administration etc.,

* a reconstruction or rehabilitation is planned in
the near future,

* itis due according to the RSI time schedule.

The Client and the Inspector participate in the RS

inspection. The Client, typically an organisation respon-

sible for road management (road manager), orders the
RS inspection. The Client delivers the required docu-
ments to the Inspector who then reviews and analysis
them in detail in the office and after that conducts a field
study, detects problems and prepares a report on RS in-
spection and proposes measures to be taken.

Not every detected problem must be covered by a
proposed measure, nor the proposed measure binds the
client to proceed according to it. The Inspector delivers
the report to the Client who is required to provide writ-
ten statement on measures accepted and rejected along
with reasons behind such decisions. The Client is re-
quired to provide neccessary funds and other resources
needed for the implementation of the accepted measures
and to start implementation thereof as soon as possible.

RS Inspection is conducted by an independent ex-
pert team. The team has the task to review all the in-
fluence elements of a road (alignment, change of curve
radius, width of cariageway, condition of carriageway,
sight distance, etc.), that could directly or indirectly
cause a road accident. The team must be disciplinary
and composed of several members in order to minimise
and, if possible, eliminate the subjectivity. In order to
ensure an efficient field inspection and adequate selec-
tion of measures, the RS inspection should be conduct-
ed by highly experienced and well trained RS experts.
The experience of the team is very important when it
comes to making an assessment of the importance of
detected problems and the selection of measures which
will be the most effective in relation to the invested re-
sources. It is very important that the RS inspection is
conducted objectively. PIARC suggests a team consist-
ing of a team leader, team members, specialist advisors
(if needed), and observers.

When conducting the RS inspection, the team uses
checklists which serve as a reminder to record problems
detected during the check of a particular section. The RS
inspection must take into consideration the following el-
ements: time of inspection (day or night), seasonal varia-
tions (sun, snow, rain, ice, fog), and site specific matters
(road passes near school, supermarket, etc.).

In order to identify hazards with certainty, the RS
inspection should be conducted both by vehicle and on
foot, and covering both traffic directions. The identified
problems are broken into eight groups: function of a
road; cross section; alignment; intersections; public and
private services, service and rest areas, public transport;
vulnerable road users; traffic signs, markings and light-
ing; roadside features and passive safety installations.

Function

This part defines the category of a road, does the
road passes through cities or built-up areas, what types
of vehicles are using the road and what is the percentage
of certain categories’ participation in traffic, are speed
limits appropriate, what type of traffic generally prevails

17



Miroslav Peri¢, et al.:
RSI implementation in the countries of the region

TTTP (2017) 2(1-2):16-20

(transit, local or mixed), and whether the road is being
used by vulnerable road users (pedestrians, cyclists etc.)

Cross section

This part checks the width of a road and the width
of traffic lanes, surface conditions, existance and width of
shoulders, crossfall of carriageway, existance and width
of separate lanes for cyclists/ pedestrians.

Alignment

With regard to the alignment, it is important to de-
termine whether there are horizontal curves and their
number, the condition of vertical curves as well as are
there adequate sight distances.

Intersections

In addition to road intersections, this part analyses
and defines the condition of accesses to private proper-
ties as well as railway crossings condition, that is the in-
tersection where railway line crosses a road.

Public and private services, service and rest areas,

public transport

This part examines whether there are access roads
to service and rest areas, schools, hospitals, supermar-
kets, restaurants, parking lots, loading and unloading fa-
cilities, etc. Likewise, it is necessary to look into the state
of play with regard to public transport on the observed
section as well as to check the location of bus stops.

Vulnerable road users

RS inspection includes the safety check of vulnera-
ble road users, that is pedestrians, bicyclists, scuter-mop-
er drivers and motorcyclists. In case there are no separate
lanes intended for the use of vulnerable road users, it is
necesarry to determine, based on the percentage of vul-
nerable road users who participate in traffic and those
who get fatally injured in road accidents, is there a need
to build such lanes or this category of road users can be
protected by implementing some other measures.

Traffic signs, markings and lighting

This part includes the analysis of the state of play
with regard to the horizontal and vertical traffic signals.
It is checked whether the signals are legible, clear and
visible both during the day and at night. Also, checks
on the number and position of traffic signs, as well as
checks on lighting conditions on roads or road sections
are carried out.

Roadside features and passive safety installations

The issues that may arise in relation to the road sur-
rounding include deep channels, high guardrails or cuts,
foliage, trees or other objects located in the immediate
vicinity of roads. Also, the elements of passive safety
installations shuld be checked as they may pose a road

safety risk (for example: incorrectly placed quardrails)
[14].

RESULTS

Bosnia and Herzegovina

The Law on Fundamentals of Traffic Safety on
Roads in Bosnia and Herzegovina [7] defines the term
“road safety inspection” as the procedure for indepen-
dent safety checks on existing public roads. Furthermore,
the Law stipulates that the existing roads, in order to
comply with the road safety requirement, must be sub-
jected to the road safety inspection system by the compe-
tent road authorities. Also, envisaged to be adopted is an
act of secondary law which will set out the basic require-
ments to be complied with by roads, their elements and
facilities in terms of road safety, road safety audit and
road safety inspection. To date the said act has neither
been drawn up nor introduced.

The situation is significantly different when it comes
to the RS inspection system implementation at the Entity
and BiH Br¢ko District level, and, in particular, in case of
the Republic of Srpska. Thus, the Law on Fundamentals
of Road Safety in the Republic of Srpska [8] stipulates,
inter alia, that in order to improve road safety a system
of mandatory and independ safety checks of the existing
public roads shall be put in place. Furthermore, the Law
requires existing public roads to undergo compulsory
safety checks aimed at preventing road accidents and
identifying deficiencies that could affect safe traffic per-
formance. The checks shall be mandatory with respect
to main and regional roads, and also in the case of other
public roads and streets in built-up areas, if needed. The
checks shall be caried out by an independent licenced le-
gal entity or natural person, who may not be involved in
the process of managing the roads undergoing checks.
The Traffic Safety Agency of the Republic of Srpska is in
charge of licensing legal and natural persons. Also, the
Law envisages the adoption of the secondary legislation,
namely the Rulebook on Audit and Inspection and the
Requirements and Manner of Licencing,.

The Rulebook on Audit and Inspection and the Re-
quirements and Manner of Licencing [10], sets forth the
requirements and courses of action with regard to road
safety audit, road safety inspection, the requirements
with respect to duties of the road safety auditor and in-
spector, the procedure of licencing and monitoring over
the work of road safety auditors and inspectors, the da-
tabase, as well as valid lists of road safety auditors and
inspectors.

The Rulebook prescribes that the RS inspection is a
formal and independent assessment of an existing road
safety made by an independent expert or a team. Further,
the RS inspection is a preventative measure consisting of
regular and systematic safety checks conducted on exist-
ing public roads, and covering the whole road network.
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Road safety inspection can be:

a. periodic-which means the inspection of traffic
signalization, the road and the surrounding, car-
ried out every two years on international roads,
motorways and expressways and every five
years on main, regional and local roads; and

b. targeted-which means the inspection of road
sections with the highest level of traffic risk.

According to the information available at the offi-
cial website of the RS Agency for Traffic Safety [15] as
seen on 02.06.2016, currently there are 20 natural per-
sons and 6 legal entities that are licenced to perform road
safety inspections. It is important to note that there are
no offical information about road safety inspections car-
ried out on public roads of the Republic of Srpska in the
period following the adoption of secondary legislation,
that is July 2012 onwards.

As for the Federation of Bosnia and Herzegovina
and BiH Brcko District, no primary or secondary legisla-
tion has been adopted to regulate more closely the road
safety inspection on the existing roads. Also, there are
no official information on whether the existing roads are
subjected to road safety inspection.

The Republic of Serbia

In the Republic of Serbia, the Law on Fundamen-
tals of Road Safety stipulates that a public road manager
shall ensure independent road safety inspection projects,
as follows: periodic inspections in every five years for all
sections of national roads, targeted inspections for the
most dangerous sections of national roads and periodic
and targeted inspections for other roads, if possible and
needed. Also, the Law stipulates the adoption of sec-
ondary legislation which shall, inter alia, define require-
ments for road safety inspection. It shuold be also noted
here that there are no information on whether the said
legislation has been introduced in the meantime. Like-
wise, there are no official information on whether and to
what extent the existing roads are subjected to the road
safety inspection.

The Republic of Croatia

In the Republic of Croatia the terms inspection and
auditor-inspector have been incorporated into the Law
on Roads. In compliance with the Law on Roads, the au-
dit of the project and other documents, within the Trans-
European Road Network safety assessment is carried
out by a road safety auditor. The road safety auditor is
required to hold a certificate issued for a period of five
years, and also the Register of Certified Auditors is pro-
vided for by the Law.

Meanwhile, in early 2016 The Rulebook on Road
Safety Infrastructure Audit and Road Safety Auditors
Training was adopted [12].

This Rulebook prescribes the procedure and scope
of road safety audit activities, working experience and

professional qualifications of road safety auditors, cer-
tification procedure, auditor training and aptitude test
programme, additional training programme, the content
and manner of keeping the Register of Certified Audi-
tors, auditor report preparation procedure and the pro-
cedure for calculating road safety audit activities fee.

It is important to note that the Rulebook concerned
applies only to the road infrastructure safety audit from
the aspect of planning and construction of new roads or
reconstruction of existing road network, and review of
existing roads during the initial period of use. No sec-
ondary legislation has been introduced to regulate road
safety inspection of existing roads. Also, there are no of-
ficial information on whether and to what extent the ex-
isting roads are subjected to the road safety inspection.

CONCLUSION

On the basis of analysis of the road safety inspection im-
plementation status in Bosnia and Herzegovina and the
region’s countries, that is, Serbia and Croatia, it can be
said that the Directive has not yet been fully implement-
ed. That is to say, with the exception of the Republic of
Srpska, in the Federation of BiH, the BiH Brcko District
and in Serbia and Croatia, there are no natural persons
nor entities that are licenced by the competent authority
to carry out road safety inspection. Also, notwithstand-
ing the above, there are no information on whether and
to what extent the existing roads are subjected to the
road safety inspection. In view of the foregoing the gues-
tion of road safety inspection at the level of local self-
government arises.

The importance of road safety inspection is reflected
in that it, as the last phase of a proactive activity, makes
it possible to eliminate detected road deficiencies so that
road accidents do not occur at all. The level of road safety
is directly related to conditions prevailing on roads. The
detailed analysis of the road influence elements identifies
road deficiencies and suggests measures to increase the
level of road safety, by applying the criteria of time scale
and needed financial resources. This way, the number
of accidents and the magnitude of consequences thereof
are being reduced, thus directly achieving positive ratio
between the resources invested in road safety inspection
and the implementation of measures on one side and the
potential costs which would be incurred by the road ac-
cidents on the other. This is the major benefit accrued
from road safety inspection.

In view of the foregoing, and having in mind the
worldwide experiences of road safety inspection effects
and benefits, the status of road safety inspection in BiH
and the region’s countries, as well as the road network
condition, it would be necessary for both, republic and
local authorities to understand and recognize the ben-
efits of road safety inspection and to start implementing
this measure without delay in order to produce, as soon

19



Miroslav Peri¢, et al.:
RSI implementation in the countries of the region

TTTP (2017) 2(1-2):16-20

as possible, results which would bring benefits.

Namely, there is a large number of measures pro-
posed on the basis of road safety inspection which do
not require substantial funds and with a short imple-
mentation period suggesting that the improvement may
be brought about very quickly. Basically, there are two
main strategies for the implementation of road safety in-
spection; actions pursued from a local level towards a
national level and vice versa. Since the local community
roads share in the overall traffic network is considerable,
significant progress towards road safety improvement
may be achieved by taking an approach from the the lo-
cal level-local authorities responsible for road manage-
ment, to the national level. Namely, a lot of parties in
each local community may, by using collective influence,
put , the pressure from the bottom”.
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Abstract: Incorporation of advanced info-communication technologies into vehicular environment
currently captures a large attention by numerous investigators, telecommunications operators, traf-
fic safety regulatory institutions, car industry manufacturers and other interested participants. In this
paper, we overview of some prospective wireless communication technologies, such as the DSRC (Dedi-
cated Short Range Communications) and advanced LTE (Long Term Evolution) mobile communication
systems, which are considered as two promising candidates to support future traffic safety applications
in vehicular environment is presented. The communication requirements of some active traffic safety
applications are pointed. A summary of various types of communications for intelligent VCS (Vehicular
Communication System) applications is given. Some future directions and challenging issues for imple-
menting traffic safety applications are also discussed. Our goal is to demonstrate the growing impact
and importance of modern communication technologies in achieving future traffic accident-free roads.
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(V2X) communication.

INTRODUCTION

The increasing number of vehicles on roads results in a
greater number of traffic accidents with more and more
injured and dead persons causing also huge financial
costs. To improve traffic safety and consequently re-
duce the incurred costs, beside the traditional methods
it is necessary to apply new and more sophisticated ap-
proaches. Rapid technological transformation that oc-
curred during the last decade in automotive industry
supported by an accelerated development and conver-
gence of information and communication technologies
(ICT) enable that the increasing number of vehicles are
becoming nowadays connected to the Internet and to
each other enabling the futuristic IoV (Internet of Vehi-
cles) idea to be practically feasible [1]. The IoV concept
of inter-connected vehicles is considered as a promising
approach to improve traffic safety and save human lives.

The majority of modern automobiles are becom-
ing equipped with numerous electronic sensors and
devices enabling various advanced driver assistance
systems. Furthermore, contemporary OBUs (On-Board
Units) installed in vehicles are equipped with a number
of communication interfaces, which enable information
exchange between devices inside the vehicle, direct com-
munications between vehicles V2V (Vehicle-to-Vehicle)
as well as communications between vehicles and infra-
structure equipment or RSUs (Road Side Units) in form
of V2I/R (Vehicle to Infrastructure/Roadside). This

offers drivers the ability to receive various useful data
about current traffic environment (e.g. potential hazards,
accidents, road or weather conditions etc.) as well as nu-
merous driving information (such as the current vehicle
position, velocity, acceleration etc). Based on such data,
the OBUs are able to make intelligent (cooperative) deci-
sions and adapt vehicle movements to the current traffic
road conditions or to keep away vehicles from probable
accident. By exchanging traffic related information be-
tween vehicles in real-time, road safety could be signifi-
cantly improved.

Active traffic safety applications are based on pos-
sibility to avoid probably incident situations (such as
collisions, slow moving or poorly visible vehicles, un-
expected obstacles on roads, etc.) by alerting drivers
promptly about such situations in their neighbourhood.
Recent studies show that up to 82% of all traffic incidents
could be prevented by implementing active traffic safety
applications [2]. Besides V2V and V2I/V2R communica-
tions, which allow drivers to be informed about possible
incident situations on roads, current massive usage of
mobile smart phones opens an additional opportunity to
make direct interactions between vehicles/drivers and
pedestrians (V2P, Vehicular to Pedestrian) so as to pre-
vent their possible mutual incidents, which is frequently
the case on urban streets or crossovers. The forthcoming
concept of human to vehicle cooperation, which includes
communications between vehicles/drivers, roadside
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equipment and pedestrians is known as cooperative ve-
hicle infrastructure system (CVIS) [3] or C-ITS (Coopera-
tive Intelligent Transportation Systems) [4].

Beside the vehicle safety applications, drivers could
also access to different information services and passen-
gers could employ various multimedia entertainment
applications using the V2N(Vehicle-to-Network) type of
communication. It is expected that progressively more
vehicles in near future will be connected using heteroge-
neous communication types, such as V2V, V2I, V2R, V2P,
V2N etc. To cover such broad range of communication in
vehicular environment, the term Vehicle-to-Everything
(V2X) is commonly used [5]. However, interconnecting
ever-increasing number of vehicles will generate rigor-
ous requirements from telecommunication network infra-
structure to support various future intelligent traffic ap-
plications [6]. The crucial issues for implementing traffic
safety application assume fast (on-line) data acquisition,
low communication latency, high reliability of data trans-
mission, as well as high security and privacy of communi-
cations. Recent development and implementation of traffic
safety applications enabled by advanced VCS (Vehicular
Communication System) technologies currently capture
large attraction by numerous academic researchers, mak-
ing manufacturers and consortiums in automobile indus-
try, telecommunication operators and service providers,
regulatory institutions consider traffic safety and other in-
terested participants. Numerous research projects related
to vehicular networking in Europe, USA and Japan have
been completed during last few years [6]. In addition, the
international harmonization of standards for vehicular
networking currently occupies huge attention [7].

TYPES OF COMMUNICATION IN VEHICULAR
ENVIRONMENT

Recent advances of various wireless communication
technologies enable different types of communications
to be used in vehicular environment [8-13]. The VCS
communications could be broadly classified into follow-
ing wide categories:

* infrastructure-less (or ad-hoc) communication,

¢ infrastructure-based communication, as well as

* hybrid communication, which integrate both

types of communication.

Infrastructure-less communications is implement-
ed over self-organized ad-hoc communication networks,
spontaneously created from near-by moving vehicles in
mesh configurations without using any pre-installed in-
frastructure equipment. They are also known as VANET
(Vehicular Ad-hoc NETwork) [8]. VANETSs are highly
suitable to be utilized for a broad range of traffic safety
applications primarily due to its ability to provide direct
V2V communication, which contributes to much lower
latency compared to an indirect transmission via infra-
structure based networks. In addition, VANETs could

be also used for non-safety applications, such as those
related to traffic efficiency (congestion control) and vari-
ous comfort/infotainment applications intended for pas-
sengers [9].

V2V communication could be implemented as sin-
gle hop or multi-hop communications. Single-hop com-
munication is are established between nodes (vehicles)
located in the vicinity, i.e. within the line of sight (LoS),
while multi-hop communications could be used be-
tween more distant vehicles. In the latter case, a vehicle
that is currently positioned between two distant vehicles
behaves as a relay station, i.e. it receives the messages
from near-by vehicle(s) and re-transmit them to other ve-
hicles, which are currently in its LoS area. In such a way,
using the relay transmission mode, a multi-hop commu-
nication could be established between distant vehicles,
which are even much more away than the LoS range.
However, to maintain the permanent communication be-
tween vehicles which are not in direct LoS, it is necessary
to exist always at least one intermediate vehicle which is
mutually in the LoS visibility to other vehicles. Hence,
multi-hop communication could be used to increase the
communication range outside the LoS and enable infor-
mation dissemination in wider geographical areas.

Infrastructure-based communication (V2I) is real-
ized over previously built communication infrastructure,
such as the mobile cellular networks or dedicated com-
munication networks based on RSUs to provide V2N or
V2R communication. Unlike ad-hoc networks, all tipes of
communication in infrastructure networks are realized
using multiple network segments (such as the uplink
and downlink transmission links in access network and
transmissions over core network), which could signifi-
cantly increase the communication latency compared to
direct V2V communication. This is currently the main
constraint of V2I communication to support time-critical
traffic safety applications.

VEHICULAR TRAFFIC SAFETY APPLICATIONS

Traffic safety applications for vehicles are focused on
decreasing the probability of accidents between ve-
hicles. Such applications are based on transmission of
safety warning messages to vehicles/drivers about vari-
ous possible incident situations, such as the collision
avoidance, lane changes, overtaking vehicle warning,
emergency electronic brake lights, emergency vehicle
warning, wrong way driving warning, stopped or slow
moving vehicle warning, traffic condition warning, haz-
ard warnings etc. [6].

A robust wireless communication network is re-
quired to enable traffic safety applications. The most sig-
nificant network requirements for traffic safety applica-
tions include following [6,11]:

* traffic safety messages should have maximum

end-to-end latency of 100 ms,
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* messages generation frequency is up to 10 mes-
sages per second (10Hz),

* messages should be transmitted accurately on
short to long coverage distances (300 m up to 20
km),

* low datarates are usually required (1 to 10 kb/s).

In addition, some other network requirements
should be fulfilled for implementing traffic safety appli-
cations, such as the following [4]:

* high communication reliability (10-x): express a
maximum tolerable packet loss ratio (PLR), for
example, with PLR=10-5 (only one packet from
100 000 received packets is not successfully re-
ceived within the maximum tolerable latency)
the reliability is as high as 99.999%.

* high node mobility (km/h): maximum rela-
tive speed under which the specified reliability
should be achieved,

* high network density (vehicles/km?2): maxi-
mum number of vehicles per unit area,

* high positioning accuracy (cm): maximum posi-
tioning error tolerated by the application,

* high security: specific security features required
by the application.

Table 1 illustrates specific communication require-
ments for some traffic safety applications [13]. To meet
stringent requirements for traffic safety applications,
VCS system designers are faced with serious and chal-
lenging issues that need to be carefully addressed.

Table 1. Communication requirements for some vehicle safety
applications [13]

Security/ R Maximum
Safety application ~ Communication mode e y messages
reliability latency
frequency

Emergency T o
electronic brake Time limited periodic High/high  10Hz 100 ms
. broadcast on event
lights
Emerlgency vehicle Perl'odlc triggered by a Highthigh 10 Hz 100 ms
warning vehicle mode
Slow vehicle warning Perl'odlc triggered by a High/high  2Hz 100 ms

vehicle mode

- Time limited periodic o

Wrong way driving broadcast on the event High/high 10 Hz 100 ms
Stathnary vehicle  Time limited periodic Highthigh 10 Hz 100 ms
warning broadcast on the event
Trafﬁlc condition Time llmlfred periodic Highthigh  1Hz 100 ms
warning broadcasting
Roadwork warning Temporary broadcasting on High/high  2Hz 100 ms

the event
OverFakmg vehicle V2X cooperative awareness ~ High/high 10 Hz 100 ms
warning
Lar'le change V2X cooperative awareness ~ High/high 10 Hz 100 ms
assistance
Pre-crash sensing Broadcast of pre-crash state  High/high 10 Hz 50 ms

warning

PEDESTRIAN TRAFFIC SAFETY
APPLICATIONS

Probably the most attractive traffic safety application in
vehicular environment relates to the collision avoidance
between automobiles and pedestrians, as well as cyclist
and motorcyclists. It is particularly attractive to be used
in large cities with streets crowded by pedestrians/cy-
clists. As a result of massive usage of modern smart mo-
bile devices by pedestrians, as well as due to extensive
implementation of Wi-Fi interfaces in modern vehicles,
it will be possible to establish direct communications be-
tween vehicles (drivers) and pedestrians (V2P) and thus
to prevent their potential collisions. The traditional way
of warnings between pedestrian and vehicles by sirens
become inefficient nowadays taking into account that pe-
destrians are now more focused on their mobile phones
than to the neighborhood traffic situations. Furthermore,
they usually use the headphones while listening the mu-
sic or making the conversations with other people and
consequently don’t hear or register the sound warning
signs emitted by vehicle drivers. Hence, implementing
of V2P applications to warm no-awareness pedestrians
could be an efficient approach to improve pedestrian
safety [14].

<«——>» DSRC/IEEE 802.11p

[ SR, > Wi-Fi/ IEEE 802.11a

Figure 1. lllustration of V2P communications for pedestrians safety
application

The architecture of V2P communication system
for pedestrian safety applications contains the follow-
ing components [14]: (i) OBU modules installed in ve-
hicle, (ii) driver’s tablet or smart-phone and (iii) pedes-
trians” mobiles. Communications between vehicles (i.e.
OBU module) and pedestrians are established using the
standardized Wi-Fi radio interfaces, such as the IEEE
802.11a, while the communications between vehicles
(i.e. OBU-OBU modules) could be performed using the
DSRC system based on IEEE 802.11p standard (Figure 1).
Besides, OBU modules could be equipped with various
additional radio interfaces, such as for mobile Internet
access, GPS navigation (for location and speed measure-
ments) as well as with Bluetooth interfaces intended for
gathering data obtained by various in-vehicle sensor de-
vices. Based on the gathered data of actual positions and
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speed of pedestrians and vehicles in their near range,
driver’s mobile smart phone or tablet device performs
the processing of such data to estimate possible incident
situations between vehicles and pedestrians. If a possible
collision is estimated, warming messages are transmit-
ted to mobile phones of drivers and vulnerable pedestri-
ans (using the Wi-Fi connections) to avoid their possible
conflicts. V2P applications are currently in research focus
of various studies and numerous challenging issues have
to be solved before implementing such applications. Be-
side the strict requirements related to delay constraints
and communication reliability, particularly important is-
sues are related to efficiency and scalability of V2P com-
munications in situations of large number of pedestrians,
such as the usual case on crowded crossovers in large
cities [14].

COMMUNICATION TECHNOLOGIES FOR
TRAFFIC SAFETY APPLICATIONS

Various wireless communication technologies, such as
DSRC (IEEE 802.11p), Wi-Fi (IEEE 8021.11a/n), WiMAX
(IEEE 802.16m) or public mobile cellular networks, could
be used for implementing of different intelligent VCS ap-
plications. However, two technologies that are currently
imposed as the most favourite candidates to support fu-
ture traffic safety applications are DSRC and advanced
mobile cellular networks based on LTE (Long Term Evo-
lution) and LTE-Advanced (LTE-A) technologies [11].

Dedicated Short Range Communications (DSRC)

DSRC are favorable communication systems for
V2X communications in short coverage areas [7]. They
are primary characterized by low communication laten-
cy (less than 100 ms), which is the key requirement to
support (time critical) traffic safety applications. DSRC is
the most suitable candidate to enable direct V2V commu-
nications within short distances (up to 1000m), but pos-
sible obstacles in the line of sight could reduce the com-
munication range significantly. Besides V2V, DSRC also
supports infrastructure based communications (V2I/R)
between vehicles and dedicated RSUs installed along the
roads/streets. RSUs can be deployed to increase the com-
munication range, especially in non-line-of-sight (NLOS)
scenarios, such as at urban intersections or in areas with
small vehicle density.

A widespread accepted standard for DSRC is IEEE
802.11p [8]. It represents an extension of the former IEEE
802.11a WLAN (Wireless Local Area Network) standard
applied to vehicular environment. It operates in 5.8 GHz
band in Europe and Japan and 5.9 GHz in USA (U-NII
frequency bands). Some specifications of IEEE 802.11p
standard used in different world regions are given in
Table 2.

Table 2. World-wide specifications of DSRC standard [8]

Specification Europe USA Japan
Frequency band 5.8 GHz 5.9 GHz 5587%-[ _ZS $50) GHz
(5.795 - 5.815) GHz*  (5.850 - 5.925) GHz 8dMHz '
Bandwidth 20 MHz* 75 MHz ; .
7 downlink; 7 uplink
Number of channels 4 7 5 MHz
Channel width 5 MHz 10 MHz half-duplex (OBU);
Type of communication  half-duplex half-duplex ~cuplex ’
duplex (RSU)
Bit-rate 500/ 250 kbls 327 Mbls u lhfﬁg/ * (downlink/
(downlink / uplink)  (downlink/uplink) P
Communication range ~ 15-20m <1000m 30m

* Additional 30 MHz is allocated in frequency band (5.875 - 5.905) GHz with possible 20 MHz
extensions below and above this band.

DSRC systems are de-facto predetermined solution
for traffic safety applications duo to their inherent abil-
ity to make direct V2V communications, which offer low
latency and fast network connectivity [11]. Due to fully
distributed operation mode, there isn’t requirement for
coordinating network infrastructure. In addition, net-
work management is reduced to minimum, which en-
ables immediate exchange of data among vehicles with-
out complex signaling procedures. Nevertheless, there
are numerous challenge issues which have to be solved
to enable practical implementation of traffic safety appli-
cations using DSRC, such as the following [7,8,9,12,15]:
i) reliable delivery of messages, ii) high vehicle mobility
(100-200km/h) and dynamic network topology, iii) scal-
ability issues or performance degradation in presence of
high vehicle density (the probability of data collisions
increases rapidly with the large number of vehicles in a
network, resulting in large end-to-end latency and low
channel utilization) as a result of un-coordinated proba-
bilistic CSMA /CA(Carrier Sense Multiple Access/Colli-
sion Avoidance) medium access control mechanism, iv)
routing protocol issues as well as v) privacy and security
issues. In addition, it is evident that not all vehicles will be
equipped with IEEE 802.11p communication interfaces in
the initial phase of traffic safety applications implemen-
tation. It could produce serious troubles, because such
vehicles are not able to transmit safety messages to other
near-by vehicles with installed 802.11p communication
equipment. However, this scenario could be avoided by
installing particular RSU units equipped with short range
radar sensors to detect precisely the position or movement
of vehicles in its neighborhood and after that to broadcast
such collected data to all vehicles equipped with 802.11p
interfaces which are in the range of such RSU.

Although the main advantages of DSRC are the
ubiquitous communication availability (it can operate
without coverage by an infrastructure network) and
fully distributed operation mode, there are several ma-
jor weaknesses of DSRC systems [6,7,11,12], such as the
limited communication range (typically 50-100m in ur-
ban areas and several 100 meters on highways), prohibi-
tive infrastructure costs (a number of RSUs is required
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to cover large portions of road networks), QoS (Qual-
ity of Service) is not guaranteed (due to uncoordinated
probabilistic CSMA/CA contention based access strat-
egy, throughput and delay performances degrades sig-
nificantly with increasing network load, i.e. with high
vehicle density). To overcome some limitations, mobile
cellular communication systems could be used, particu-
larly due to their already widespread deployment.

Mobile communication systems

Advanced mobile communication networks are be-
coming highly suitable candidate to be used as a comple-
ment (or even a concurrent) to DSRC systems. Contrary
to DSRC, mobile cellular networks provide almost full
radio coverage and usually do not require installation
of additional equipment to support intelligent vehicu-
lar traffic applications. They could be used to extend the
communication range of DSRC systems or as augment
of RSUs (to reduce the installation costs). Recently, there
is an increasing interest in adopting the LTE mobile cel-
lular technology to support V2X applications [10,11].
However, due to infrastructure based type of communi-
cations, mobile cellular systems require serious technical
challenges, primarily related to latency and scalability is-
sues, to be carefully addressed.

Contrary to IEEE 802.11p standard used in DSRC,
cellular communication systems are based on coordi-
nated channel access strategy (i.e., involving a network
scheduler) and with admission control, which avoids
possible collisions and minimizes the mutual interference
[4]. Hence, the mobile communication system is able to
provide the QoS guarantees, such as the end-to-end de-
lay or data rates performances, highly essential for traffic
safety applications. Network scheduler is able to provide
QoS guarantees by allocating radio resources based on
the priority and QoS class parameters and by performing
admission control, which is a major drawback of CSMA/
CA access mechanism used in IEEE 802.11p standard.

However, there are also some limitations when us-
ing the mobile cellular systems for V2X communications
[10]. For example, to enable the communication between
vehicle and base station, a vehicle has always to be syn-
chronized and registered to the cellular network. It could
be troublesome if a vehicle is out-of-radio coverage of
base station, such as in areas with poor radio coverage
(for example, on hills, mountains, in tunnels etc.). More-
over, the signaling overhead and data transmission over
cellular network architecture result in much larger com-
munication latency than the tolerable latencies for traffic
safety applications [7].

Although various prior mobile network technolo-
gies, such as the GSM, GPRS, EDGE, W-CDMA and
HSPA have been to some extent used for different traffic
intelligent applications, only with implementation of ad-
vanced mobile communication technologies, such as the
3GPP LTE and LTE-A a wide range of opportunities for

the implementation of active traffic safety applications is
enabled. The flat architecture of LTE system enables sig-
nificantly reduced communication latency compared to
previous generations of mobile technologies (theoretical
LTE round-trip time is lower than 10 ms and the trans-
mission latency in the RAN (Radio Access Network) is
up to 100 ms [10]). Hence, LTE is intended to become
the preferred solution for vehicle to RSU communica-
tions (V2R). However, some important issues have to be
solved to support time critical traffic safety applications
using LTE networks [4]:

* communication latency increases significantly
with the numbers of mobile users in a cell, which
could be a challenging issue, particularly in high
vehicle density areas,

* data packets (even between two nearby vehi-
cles) have to be transmitted through multiple
network hops to the central server that each add
its own latency, resulting in much higher delays
compared to direct communications between
vehicles (V2V) enabled by DSRC systems,

* since the LTE system was mostly designed to
offer broadband services, it may not always be
the optimal solution for frequent transmission of
small amounts of data between large numbers of
devices required for various intelligent vehicle
applications, leading to scalability issues,

* a set of signalling messages have to be shared
among all mobile users in a cell before the actual
payload data are transmitted, which could in-
troduce additional delays and downlink capac-
ity limitations if the number of users per cell in-
creases,

* in areas with weak radio coverage, network ser-
vices are not available or reliability requirements
could not be well satisfied. It requires additional
equipment to be installed to enable traffic safety
applications in such areas.

However, the advanced mobile communication
technologies, such as the most recent LTE-A (4G) and
next generation heterogeneous wireless networks (5G),
will be able to provide direct device to device (D2D)
communication between mobile terminals in close prox-
imity (regardless of whether they are in or out of a base
station coverage) without traversing the network in-
frastructure, which will enable direct communications
between vehicles (V2V). By enabling V2V communica-
tion, future LTE mobile communication networks will
provide much lower communication latencies and can
become even a competitive alternative to DSRC systems.
However, some challenging problems, such as the in-
terference and node (vehicle) mobility issues have to be
solved efficiently before D2D communication over LTE
networks could be widely used [4].

Currently deployed LTE-A mobile technology is
considered as an encouraged candidate for implement-
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ing active traffic safety applications due to its outstand-
ing network performances, such as high peak data rates
(up to 1Gb/s) and user experienced data rates (up to
10Mb/s), low latency (up to 10ms), high node mobility
(up to 350km/h), high node density (up to 10° devices
per km?), high spectrum efficiency etc. Furthermore, it is
expected that future 5G networks will still improve the
performances of current 4G mobile technology in terms
of more peak throughput (up to 10Gb/s) and user expe-
rienced data rates (up to 100Mb/s), yet lower latency (5
ms end-to-end latency for infrastructure mode and 1 ms
end-to-end latency for direct mode), ultra-high reliability
(with a 10° packet loss rate for road safety-critical servic-
es up to even 10” for some industrial automation applica-
tions, such as automated driving), higher mobile nodes
density (up to 10° devices per km?), higher node mobil-
ity (up to even 500 km/h for high-speed trains), higher
spectrum efficiency (3 times greater), high precision of
positioning (with accuracy of 1m), which will be highly
appropriate for implementation of vehicle safety appli-
cations [4]. 5G will also provide a better network cov-
erage through the integration of various wireless access
technologies (such as cellular, WLANSs, broadcast, etc.)
including direct D2D communication. Such heteroge-
neous (dynamic and flexible) network paradigm, called
the Heterogeneous Vehicular NETwork (HetVNET), as-
sumes that different network technologies suitable for
diverse applications are combined to fulfill specific re-
quirements [12,13,14,15]. One of the key challenges in fu-
ture (5G) wireless networks operation is related to spec-
trum usage. It is envisioned that both, current mobile
communication bands as well as new spectrum bands
that could go as high as to the millimeter wave range
(up to 6 GHz or even above) will be used. It is evident
that current fixed frequency allocation scheme could not
be a sustainable solution for future massive deployment
of numerous wireless technologies and applications. In-
stead, the implementation of cognitive radio network
technology is considered as a promising upcoming solu-
tion for better frequency spectrum usage and QoS guar-
antees [16].

CONCLUSION

Rapid development and integration of information and
communication technologies with road network infra-
structure and vehicles open broad possibilities to imple-
ment various intelligent vehicular applications related
to road safety and traffic efficiency improvement. Active
road safety applications have stringent requirements
from telecommunication network infrastructure, primar-
ily from the point of low latency and high reliability of
communications. Various wireless communication tech-
nologies could be used to implement V2X commmunica-
tion. Currently, the most promising candidates to sup-
port traffic safety applications are DSRC and LTE mobile

cellular communication systems. However, it could be
observed that both technologies have their own limita-
tions when used in vehicular environments and hence
they are not suitable to support challenging future traffic
safety applications. Although DSRC are well-designed
for short-range communication offering low latencies,
they have still serious shortcomings related to scalabil-
ity issues (quick network performance degradation with
increasing number of vehicles), supporting of limited
vehicle mobility and possibly huge costs to cover wide
areas. On the other hand, LTE mobile cellular networks
are already widely deployed and can provide ubiquitous
geographical coverage, high data rates, reliable commu-
nication and QoS support. However, they are not able
to provide very short end-to-end latencies required by
traffic safety applications due to infrastructure based
network architecture. Although the latency in LTE net-
works is significantly reduced compared to previous
mobile generation (3G WCDMA), there are also some
scalability issues (quick rise of latency by increasing the
number of vehicles), which have to be carefully solved
to enable well performances in high density vehicle en-
vironments, such as the usual case in urban areas. It is
noticeable that mobile cellular systems are much more
suitable for V2I type of communications than DSRC. On
the other side, DSRC is more suitable for V2V communi-
cation than D2D communications enabled by LTE mo-
bile cellular networks. Hence, both existing (DSRC and
LTE) together with some other candidate technologies,
such as the Wi-Fi or Wi-Max, have to be improved and
integrated to provide a robust next generation commu-
nication network intended to support efficiently various
future intelligent traffic applications under dense (possi-
bly thousands of vehicles) and highly dynamic vehicular
environment leading to the forthcoming concept of Het-
VNET [13]. In HetVNETS, various wireless communica-
tion technologies will coexist and cooperate, which will
require their full interoperability. An efficient and suit-
able wireless communication technology will be chosen
such as to best capture the QoS requirements for a given
vehicular application. However, there are numerous
challenging issues which have to be answered in order
to provide that HetVNETSs be practically implemented
[13,14,15]. One of the key topics is related to the intersys-
tem handover, i.e. frequent handovers between various
wireless technologies at high vehicle mobility. To over-
come the consequent higher latencies, it will be neces-
sary to develop more sophisticated handover protocols,
based on compromises between QoS requirements, im-
plementation complexity and signalization overhead.
In addition, various other issues have to be researched,
such as high vehicle mobility (up to 250km/h or even
above), dynamic network topology, ultra-high commu-
nication reliability, cooperation issues (in order to mini-
mize end-to-end latency and maximize throughput over
unstable and capacity constrained wireless channels,
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various cooperative approaches could be employed,
such as the spatial diversity technique, multiple anten-
nas technique, dynamic spectrum access techniques
using cognitive radio technology etc.). Since numerous
challenging technical issues have to be resolved before
the VCS applications could be practically implemented,
it is of particular importance to provide harmonization
and coordination of worldwide ITS initiatives and devel-
opment of standards, which currently capture extensive
attention by numerous stakeholders and researchers in
automotive and telecom munications industries.
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Abstract: Alcohol is recognized as one of the factors in the occurrence of traffic accidents, which sig-
nificantly affects the occurrence of accidents and the severity of their consequences. In this paper, the
results of the pilot survey present the measures of influence of intoxicated drivers on the status of their
motor skills and attention in traffic. The effect of alcohol is simulated using the “drunk glasses” that
simulate the effects of the alcohol on the human body: reduced alertness, slowed reactions, confusion,
distortion of the visual field, change of distance and depth perception, narrowing of peripheral vision,
poor judgment and decision making, image duplication, lack of muscle coordination and the like. Mo-
tor skills were tested using the “Vienna test” system which measures the reaction speed, motor skills,
attention, concentration and the assessment of traffic situations. For the purposes of this study the
results of the “Vienna test” were analyzed-a driver without “drunk glasses” and wearing the glasses.
Glasses for alcoholic level of 0,6- 0,8 %o were used in the study. Through a comparative analysis ob-
tained by this research we point to the impact that alcohol has on the perceptual skills of drivers.
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INTRODUCTION

Traffic participants who consume alcohol have signifi-
cantly greater chance of being involved in a traffic ac-
cident. A research of the case study conducted in the
countries with low and medium average incomes (a cat-
egory also including the Republic of Serbia), stated that
the alcohol content was present in the blood of 4% - 69%
of injured drivers, 18% - 90% pedestrians injured in traf-
fic accidents and 10% - 28% injured motorcyclists. The
problem of traffic accidents that occurred as the conse-
quence of driving while being intoxicated is addressed
through the special programs insisting on more severe
law provisions, their implementation and reinforcement
of coercion. Global report on the prevention of injuries
in traffic on the roads points out the influence of alcohol
abuse and contribution of alcohol use to injuries and vic-
tims among the persons in vehicles (passengers), drivers
and pedestrians [4] .

Irrespective of traffic system development and traf-
fic safety system, the problem of driving while being in-
toxicated is always present and generally recognized as
the element with the significant influence on traffic safe-
ty. Through development and establishment of traffic
safety system, there is a constant presence of traffic safe-
ty measures and activities directed to combating driving

under the influence of alcohol. Contemporary approach
to this problem is successful to a certain extent and gives
the results but nevertheless, complete overcoming of the
problem is still not in sight. The combination of perma-
nent public campaigns, high fines and the application of
better and targeted repressive measures resulted in the
fact that the majority of people treat driving under the
influence of alcohol as a dangerous, selfish and socially
unacceptable activity.

Alcohol consumption contributes to driver’s false
sense of confidence and reduces:

* reaction time,

e coordination,

* estimation of speed, time and remoteness (dis-

tance) and

* concentration.

The expansion and presence of great number of cam-
paigns and educational activities focused on drivers and
influence of alcohol have contributed to the fact that the
negative aspects of this problem are more transparent and
familiar to the majority of traffic participants. Neverthe-
less, the problem of driving under the influence of alco-
hol is still present and despite the awareness of additional
risks and dangers arising from driving under the influ-
ence of alcohol, drivers decide to drive while being drunk.
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Campaigns and educational activities conducted
are directed to the increase of awareness of dangers and
risks of driving while being intoxicated. The examples
from practice, studies and analyses theoretically indicate
the accidents and their consequences which occurred
due to significant contribution of alcoholic intoxication
of at least one participant. This is a way to develop the
awareness of people concerning the risks to which they
are prone when being drunk. The activities are in the
form of detailed explanation to the traffic participants
how exactly the alcohol reduces their psychophysical
abilities in traffic and to which extent this affects their
estimations and behaviour in traffic.

The emphasis of great majority of measures and
campaigns points out the situations which occur after
a drunk driver gets into a vehicle, i.e. after making de-
cision to drive a vehicle. Nonetheless, the influence of
alcohol on drivers and traffic safety begins much earli-
er, when a driver makes the decision to drive a vehicle
despite being drunk. Besides the influence on the psy-
chomotor abilities in the course of driving, perhaps the
greatest influence on making decision to drive has the
presence of alcohol itself, since the driver undertakes a
range of activities which are directed exactly to his plan
to sit behind the wheel while being drunk.

Results of the anonymous research in which 600
drivers participated showed that the probability of driv-
ing under the influence of alcohol is mainly determined
by the range of decisions taken long before it. The in-
formation, obtained by the phone, in which the respon-
dents were driving a vehicle under the influence of al-
cohol were analysed in detail. The conclusions of this
research are focused on the fact that in order to reduce
the probability that a person will drive a vehicle under
the influence of alcohol, it is necessary to change earlier
estimations concerning the expected activities at the vis-
ited events, decisions taken regarding the way of trans-
port and choice of a fellow traveller, encouragement of
alcohol consummation and driving in the aftermath. Ad-
ditionally, the key factors are planning the alcohol con-
sumption and the influence of the environment on those
who show readiness to drive despite alcohol consump-
tion. In fact, redefinition of the “responsibility” regard-
ing the acts which finally lead to driving under the influ-
ence of alcohol contributed to the decision in the greatest
number of cases [1].

Aggravating circumstance of alcohol influence re-
search i.e. the effect it has on the decision making in this
process, is that the persons under the influence of alcohol
change their consciousness, the way they perceive events
and problems and even completely lose the awareness of
their reactions. Due to this experience, driving under the
influence of alcohol is not possible to be analysed from
driver’s perspective, in terms of their perception of the
whole situation. The influence of alcohol on psychomo-
tor abilities of driver is experimentally analysed on the

basis of tests done by the persons under the influence of
alcohol, by which the level of reduction of these abilities
is determined. However, the influence of alcohol intoxi-
cation of a driver on the estimation of the concrete traffic
situations is difficult to define due to risks of exposure to
such situations.

Numerous researches indicate a significant increase
of risks to which drivers under influence of alcohol are
exposed while the influence of alcohol is explained
through the reduction of psychomotor abilities. The pos-
sibility of simulation of traffic participation under the in-
fluence of alcohol has not been realized until now. Such
simulation would introduce the unacceptable risk, while
the results regarding participants would be modest due
to change of consciousness under the influence of alcohol
and inability to consider the situation in detail and realis-
tically after a certain period of time [6].

In order show the effect of alcohol to psychomotor
abilities of people, the glasses which simulate alcohol
influence and unable exactly psychomotor abilities have
been available in practice since 2012. In addition to the
effect these glasses have on the eyesight, they also have a
significant impact on the sense of balance. Intensity and
the way in which these glasses have an impact are deter-
mined experimentally when working with people under
the influence of alcohol. These exact glasses represent a
great possibility to depict to sober people the effect alco-
hol has on their psychomotor abilities, whereby the effect
on the user’s consciousness is absolutely excluded. This
proactive approach has created the connection between
consciousness and manifestation of the alcohol effect on
the psychomotor abilities when sober people have the
opportunity to feel the way in which alcohol disturbs
their perception.

MATERIALS AND METHODS

The primary aim of the research realized for the needs
of this work is to indicate the influence of alcohol on
the perceptive abilities of driver i.e. on the difference
between relation and reaction of driver in traffic situa-
tions when the influence of alcohol on the concrete traffic
situations is simulated. Simulators used for the needs of
this research are simulators of alcohol effect on driver’s
perceptive abilities and simulator examining the psycho-
motor abilities of driver.

For the needs of this research, the effect of alcohol
on the perceptive abilities of driver was simulated by ap-
plication of special glasses which simulate the effects of
alcohol influence on human organism (so called “drunk
glasses”): reduced alertness, slow reactions, confusion,
visual field distortion, change of perception of distance
and depth, peripheral eyesight narrowing, poor judge-
ment and decision making, duplication of images and
lack of muscle coordination. The influence of alcohol on
human organism is multiple while the intensity of influ-
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ence is complex and depends on great number of param-
eters the most important of which are sex, body weight,
consumption period, consumption speed and similar.
By the application of these glasses, the effect of simula-
tion is achieved through the sense of sight whereby the
intensity of the effects is approximately the same for all
respondents regardless of physical constitution, sex and
similar. There are glasses in the market that perform sim-
ulation for 4 levels of alcohol intoxication and these are
the following;:

* 04 - 0,6 %o, State of transient intoxication; In
this phase of intoxication most people do not
show visible signs of intoxication. Change of
mood, emphasized communication and subjec-
tive pleasant feeling are characteristic for this
state. Certain number of people are incapable
of driving when it comes to this concentration
of alcohol since it may result in attention de-
crease, hearing disorders and similar, to the ex-
tent which depends on personal psychophysical
characteristics;

* 0,6 - 0,8 %o, State of slight intoxication; Character-
istics of this phase of intoxication are the excess
of thoughts, poor memory, excessive self-confi-
dence, the need to stand out, whereby the visual
acuity is reduced, eyesight reactions (eye accom-
modation) become weaker by 30% and hearing
reaction become weaker by 40% and it comes to
the occurrence of pulse acceleration;

* 0,8 -15 %o, State of heavy intoxication; Charac-
teristics of this phase of intoxication are walk-
ing difficulties and limb movements, frequent
occurrence of nausea, reduction of intellectual
functions and similar. Alcohol intoxication be-
comes obvious and clearly identifiable in this
phase;

* 1,5 - 25 %o, Drunken State; An extremely dis-
cernible effect in this phase of intoxication is the
effect on motor abilities, i.e. the centre of balance,
to the extent of being unable to stand in upright
position which leads to staggering while cogni-
tive functions are significantly reduced. The loss
of consciousness, instability and irritability of a
person as well as increased aggressiveness are
discernible in this phase.

Figure 1. Glasses for simulation of four intoxication levels

So far there have been numerous examples of the
use of these glasses through tests related to motor abili-
ties involving simple activities such as catching a ball,
handshaking, walking the line and the like. For the needs

of this work, a pilot research has been realized in which
the used glasses were those simulating the state of slight
intoxication (0,6 - 0,8 %o). This category is chosen as most
frequent intoxication category among drivers since the
oversight of alcohol influence is most easily made and
drivers frequently estimate that they are completely
ready to drive.

Simulation of drivers’ perceptive characteristics
was done by the application of “Vienna Test System”.
This device is intended for the estimation of psychomo-
tor skills of drivers through realization of 8 types of tests.
This device consists of hardware and software compo-
nents which check all the parameters of driver’s psycho-
motor characteristics. Hardware part represents the com-
puter to which a console enabling the use of arms and
legs when checking capabilities. The console consists of
response panels (7 coloured keys, 10 numeric keys, 2 cas-
tors, 2 analogue joysticks, 2 joystick routers, jack for con-
nection with pedals, speaker and 2 headphone jacks) and
pedals (left and right pedal). On this console it is possible
to realize all 8 types of tests, that is tests regarding the
estimation of safety on the road (5 tests) and tests regard-
ing the estimation of personal characteristics related to
driving (3 tests).

Figure 2. Vienna Test system for examination of psychomotor skills of
drivers (Schuhfried, 2014).

* Tests which could be realized at the Vienna Test
system:

e Reaction Time Test; Measures the abilities of re-
spondents to react quickly and precisely to a
certain combination of stimulants. It shows the
average reaction time, time covering the period
from the beginning of signal stimulant (colour
and/or tone) until the beginning of reaction;

* Determination Test; Represents a complex multi-
stimulant reaction test which measures the abili-
ties of quick and precise reaction under the con-
ditions of significant sensory stress. It measures
the accurate reactions through elasticity of reac-
tion capabilities under the conditions of sensory
stress;
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» Cognitive Ability Test; Represents a test which is
used for the estimation of alertness and concen-
tration ability. Test assesses the average time of
accurate rejection: time starting from stimulant
beginning until the beginning of reaction, i.e. the
provision of correct answer concerning the lack
of concurrence among figures;

* Traffic situation overview test; Represents an
adaptable test of nonverbal estimation of traffic
situation overview. The test represents a num-
ber and type of traffic participants as well as the
traffic elements detected correctly in the photo-
graphs, the change of reaction speed and gain-
ing an insight into the situation;

* Adaptive matrices test; Represents a test of non-
verbal type which is used for the estimation of
logical reasoning skills. Basically, it represents
an intelligence test i.e. test of logical skills of
drivers;

* Environmental Attitude Test; Measures personal
and emotional characteristics of a person which
can indicate the inclination to risky behaviour
during the drive. It assesses the tested drivers
within three categories: emotional stability, self-
control and sense of responsibility;

*  Test of attitude to other traffic participants; This test
is used for the prediction of behaviour while
driving and relation to other traffic participants.
On the basis of testing, a driver is assessed in
terms of aggressive interaction and emotional
attitude to driving;

* Risk acceptance test; This test measures a subjec-
tive acceptable level of risk in traffic situations,
i.e. degree to which a person is ready to be in-
volved or to bear a certain level of risk in driv-
ing. The results analyses if the level of accept-
able risk in driving is increased.

* This device is usually used for checking the ca-
pabilities of professional drivers.

Test of visual orientation ability and perception
skill (ATAVT test) is used for the needs of this research.
ATAVT test checks the observational skill by promptly
showing the photograph of traffic situation. The test is
based on detailed analyses of cognitive processes, taking
into account the research results related to the percep-
tion of scenes and objects so that it simply determines
the abilities of driver to recognize a certain traffic situa-
tion through recognition of the object shown in the pho-
tograph. This serves to gain an insight into the abilities of
a tested person to perceive the complex traffic situation
in a quick and accurate way.

Test contains the photographs of traffic situations
(image no. 3) which are shown to a respondent within the
short time interval (2s). After having seen the photograph,
a respondent should tick the objects spotted on the ob-
served photograph from the offered list of all objects.

Here is sample picture 2 again.
It shows a motor vehicle, a road sign
and a traffic light

Figure 3. An example of one of traffic situations shown to
respondents

The test begins with simple situations shown in the
photographs while the complexity of situation gradually
increases during the test. A respondent has ten minutes
to complete the test. In addition to the ability of spotting
the object precisely, an element also measured and quan-
tified is the speed of response. A respondent responds in
the test by selecting a key with the right number where-
by each key indicates one of 5 categories of objects that
could be spotted in the shown photographs of traffic sit-
uations. These photographs are offered to a respondent
in order to recognize the following:

* pedestrians,

* automobiles (passenger cars, buses and trucks)

* bicycles, motorcycles, scooters

* traffic signs and

* traffic lights.

The test results are presented through a number of
objects spotted in the photographs shown (a number of
true, i.e. false answers) and speed of identifying the situ-
ation (the speed of answering).

Pilot research realized for the needs of this work
covered 30 respondents. All respondents are drivers
who have passed “B” category and have a permanent
driver’s license (there were no drivers with a probation-
ary driver’s license).

The testing was conducted in a way that each re-
spondent:

* was introduced to the aim and point of the re-

search,

* has undergone probationary tests which in-
volved the use of at least two categories of
glasses for simulation of alcohol effect while
performing simple activities such as: handshak-
ing, passing the ball, moving between the pins
and similar and

* was tested on a console with and without the
glasses for alcohol intoxication simulation.
>The glasses used for the realization of testing
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were those simulating “the state of slight intoxi-
cation” (0,6 - 0,8 %o). Before the test commence-
ment, a respondent is introduced to the test on
console and each respondent has undergone a
short introductory test in order to get acquaint-
ed with the content and way of implementation
of the test on console.

All respondents used console for the first time with-
in this pilot research, thereby ensuring the objectiveness
from the eventual practising of motor skills. The number
of photographs and gravity of the situation, which were
shown to the respondents, were defined by software
whereby the age of respondent was taken into account.

RESULTS OF THE RESEARCH

By processing the results of respondents’ perceptive
skills when spotting the objects in different traffic situa-
tions, it is observed that the respondents without the use
of glasses for simulation of alcohol intoxication (image
no. 4) made the lowest number of mistakes when spot-
ting the pedestrians and motorcyclists, while the great-
est number of mistakes referred to spotting light traffic
signals (traffic lights).

Average number of mistakes
45 4,2
4,0 -
35 29
3,0 -
25 | 19— Sm—v
2,0
£54
1,0
05
0,0 T T T
pedestrians automobiles motorcyclists  traffic signs traffic lights

Figure 4. Average number wrongly spotted objects without the use
of “drunk glasses”

The use of “drunk glasses” contributes to the fact
that the most “evident” objects in traffic are - automo-
biles, while the most frequent oversights are made when
spotting traffic signs (Figure no. 5).

When comparing the average number of mistakes
with and without the”drunk glasses”, it can be noticed
that the number of mistakes when “drunk glasses” are
used i.e. in the state of slight intoxication is by 18,5%
higher than in case when a driver “in a sober state” does
the test, without the use of glasses. (Figure no. 6).

Scores in per cents (PR) and T-score represent the
indicators of successfully spotted objects in relation to
the total number of objects which appear, taking into
account that T-score represents the indicator in relation

Average number of mistakes
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Figure 5. Average number of wrongly spotted objects during the use
of “drunk glasses”
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Figure 6. Average number of wrongly detected objects without and
with the use of “drunk glasses”

to the tested population of 1190 respondents for which
the values are entered into the existing software. A high
score indicates the ability of quick and complete over-
view of the situation, as well as the ability of a person
participating in traffic to detect all the essential elements
of a traffic situation in the short period of time and esti-
mate and plan further course of action on the basis of the
given. People who have not developed this skill (people
with low score) miss the details in traffic situations and
thereby cannot adequately estimate and plan their activ-
ity in a given moment.

Values <16 are treated as the skills below average,
16-24 lower level of average skills, 25-75 average skills,
76-84 higher level skills and above 84 extraordinary
skills.

In addition to this there is also a value of adjusted
results which also takes into account the age of respon-
dent. (PR (2) i T-score (2)).

It can be seen in the figure no. 7 that on the basis of
PR indicator, the skills of respondents without the use of
“drunk glasses” are in the range 24-75, which means that
they are classified in the average group of skills unlike
the case when the glasses are used and this indicator is
less than 16, which means that the respondents possess
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Figure 7. Skills of the driver expressed through PR and T-score

the skills which are below average for the proper identi-
fication of traffic objects.

In the end, it is also interesting to point out the indi-
cator of the speed of responding to the asked questions.
Without the use of glasses, the average speed of respond-
ing to the complete set of questions was 3 min and 22 sec,
while during the use of “drunk” glasses that time is for
about 11% shorter and amounts to 2 min 59 sec.

CONCLUSION

On the basis of the realized pilot research, it can be con-
cluded that the effect of simulation of alcoholic intoxi-
cation achieved the significant impact on the results of
testing. During the realization of the test under normal
conditions, respondents showed significantly higher re-
sults than while doing the test with the use of “drunk
glasses”.

Besides the presented results, this research also
achieved the impact on all persons who participated in
the research and who personally had the possibility to
feel alcohol effect and its influence on the perception
and reactions in traffic situations. In this research, the
state of slight intoxication was also simulated while re-
search was planned for all levels of alcohol intoxication.
The effect of intoxication and the influence alcohol has
concerning the basic reactions and perceptions in traffic

have been achieved by the application of these two simu-
lators and their combined effect on the respondents who
are completely sober. Based on this pilot research, there
are grounds for implementation of significantly broader
research according to the similar model which would
encompass professional drivers and wider age structure.
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Abstract: The paper conducts a survey of satisfaction level of users of two lane road in regards to con-
structional-geometrical factors influencing unimpeded traffic and influence of human element during

its maintenance. Establishing the satisfaction level of users of existing road network is the primary goal
of the paper, through the definition of Level of Service of relevance for the analysis of traffic of inter-
urban road network. The survey was conducted on the road section Koprivna — Modrica, regional road
R-465 (Busleti¢- Modrica). Using a questionnaire, the values of influence to the level of users’ satisfac-
tion were established. Traffic infrastructure and elements of horizontal road signs have been identified
as two main indicators giving negative grade to the level of satisfaction. The end of paper gives a review
of measures for the improvement of existing conditions.

Keywords: Level of Service (LOS), road network, road section.

INTRODUCTION

Basic parameter of analysis of traffic and traffic in-
frastructure characteristics has been given through
the analysis of capacities and Level of Service using
calculations of practical capacities. Capacity or per-
meability of functional parts of road networks, in its
broadest definition means a maximum number of ve-
hicle flow that can be reached on observed functional
section of road network in a time frame and in condi-
tions of technical-exploitation, traffic, regulations and
environment.

The HCM-2000 and HCM-2010 [1, 2] manu-
als represent quantitative values of Level of Service.
Term Quality of Service is noted as a new change in
approach to methodology for appropriate elements of
the system.

According to HCM-2010 [2] Quality of Service
means an indicator of satisfaction of users with com-
pleted travel (movement). Manuals [1, 2] provide ba-
sic functional interdependence of Quality and Level of
Service with perception - users’ satisfaction that Qual-
ity of Service is based upon.

The second chapter provides theoretical view of the
analysis of capacities and Level of Service on two lane
road with emphasis on final outputs of this analysis. The
third chapter is methodology of research and discussion
on the most significant results. The final chapter of this

paper shows a set of measures for the improvement, re-
sults of which should be verified by increase in the Level
of Service on observed road section.

THEORETICAL FOUNDATION FOR ANALYSIS
OF CAPACITY AND LEVEL OF SERVICE ON
TWO LANE ROADS

Analysis of the capacities and Level of Service are based
on three levels [3]:

- operational analysis,

- design analysis and

- planning analysis.

Operational analysis establishes the practical capac-
ity and Level of Service on the existing two-lane roads in
achieved sizes and characteristics of traffic, as well as the
calculations of practical capacity and Level of Service on
existing or planned - designed roads in future sizes and
characteristics of traffic. These analyses are separately
conducted in segments of average road and terrain con-
ditions and separately for segments of specific longitu-
dinal slopes.

Design analysis of capacity can also be used for es-
tablishment of influence of design elements to both the
capacity and Level of Service, such as the number of
lanes and visibility, curve diameters and other. Detailed
data of the expected traffic and conditions are necessary
along with standard geometrical measures used in de-
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sign of lane width, side interference, calculation speed
and horizontal and vertical curves. Design of road sign
plan can also be established with the help of analysis of
the capacity and Level of Service.

Analysis of traffic conditions in planning of new
roads help road planners to determine value of PGDS
(Annual Average Daily Traffic (abbr. AADT)) accepted
by a two-lane road for different Level of Service and ter-
rain conditions. Considering that number of lanes when
planning a two-lane road is already determined, the im-
provement of traffic conditions or increase of AADT on a
planned road is possible through improvement of design
elements, decrease of road ascents as well as additions
on ascending sections.

HCM-2000 and HCM-2010 manuals give a new,
multi-mode approach to analysis of capacity and level
of service. Research will often use, according to these
two manuals, the Level of Service and Quality of Service
(QS) as two cornerstone indicators. Quality of Service is
an indicator of satisfaction of users with travel (move-
ment). Level of Service is a qualitative measure describ-
ing traffic conditions with the help of indicators such as
speed and time of travel, traffic distractions, freedom of
maneuvering and comfort [3]. Level of Service is a quali-
tative measure of network traffic. Level of Service means
a qualitative measure of traffic conditions. Descriptions
of individual Levels of Service define these conditions
with the help of indicators such as speed and time of
travel, traffic distractions, freedom of maneuvering and
comfort. [1, 2]

Roads (segments) with two lanes are methodologi-
cally based on traffic operations measuring along the sec-
tions (segments) of the road, based on terrain, geometric
elements and traffic conditions. This methodology is typ-
ical for sections of two-lane roads with segment length
of 3 km. The data received must be applied for meth-
odology of two lane road including hourly frequency in
both directions, peak hourly frequency (PHF) and direct
distribution of traffic. [4] Also, additional research needs
to be conducted when establishing the capacity of two-
lane roads. The research needs to include the influence
of effects which decrease traffic flow such as overtaking
zones, horizontal / vertical road lane, and influence of ex-
istence of capacity in access to roads. [5]

The conditions are quite different because of expec-
tations of drivers and operative characteristics in catego-
ries of two lane roads, and therefore it is difficult to use
single definition of travel conditions per each Level of
Service (LOS). [2, 3, 6]

Wider analysis area is a combination of connected
transportation objects. The analysis systems include
combination of objects and order in the region. These
levels of analysis are usually used in models of travel
search and other networks of wider analysis. [5, 7]
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Figure 1. Criteria of Level of Service (graphic) for two lane roads [1]

Very important indicators are established through
analysis of capacity and Level of Service [6]:

1. “Bottlenecks” on the existing network and basic
cause of bottlenecks in comparison to achieved
and expected traffic.

2. Technical measure necessary for the removal of
bottlenecks on the existing network (through in-
crease in capacity and/or improvement in Level
of Service) through new construction, renova-
tion and/or regulation measures.

3. Ability of designed technical solutions to intake
projected traffic on a satisfactory Level of Ser-
vice.

4. Indicators on traffic conditions in access to in-
tersections in level (relation traffic/capacity
through access and loss of time) are necessary
for optimization of direction measures which
improve traffic conditions in intersections in the
level.

5. Indicators on conditions of movement of vehi-
cles in the network, that is, the input data for:

- Analysis of costs of usage of motor vehicle
(fuel, lubricants, tires, spare parts and other),

- Analysis of loss of time drivers and goods ex-
perience on the road as well as and

- Analysis of gas emissions and noise in the
network (both existing and improved).

RESEARCH RESULTS AND DISCUSSION

A research has been conducted using a questionnaire on
100 people where data on the Level of Satisfaction of the
given road section has been acquired.

Research methodology and basic hypothesis

The observed section is on regional road R-465
(Busleti¢- Modrica 2). The regional road connects to
main road M-17 Doboj- Samac. The regional road R-465
is 31,782 km in length, and connects in Modrica to the
aforementioned main road M-17 (Doboj- Modrica-
Samac). The observed section is 17.71 km in length and
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goes through inhabited places. AADT value of road
section Koprivna - Modric¢a have in the past ten years
moved from 1331 to 1174 (veh/day), and is in mild de-
cline.

The survey was anonymous with 100 people on ob-
served section Koprivna - Modric¢a, 17.71 km in length
and it was aimed at establishing level of satisfaction of
user with existing regional road network Koprivna -
Modrica. Subject of the analysis was the Level of Satis-
faction of users of regional asphalt road. Persons under
the age of 18 were not surveyed, but drivers only, in or-
der to determine research and positive and negative re-
marks to existing road section. Tables 3.1. and 3.2. show
the number of surveyed people as well as questionnaire
questions.

This paper aims at the establishment of adequate
indicators influencing the decrease of quality of service
given to users by this road section through the research
conducted on a two-lane road.

Analysis of research results

The research produced results shown in tables 3.1.
i 3.2. The first table shows gender and age structure, as
well as purpose of travel on the road section.

Table 1. Structure of surveyed people

Table 2. Results of the questionnaire in percentages related to
questionnaire’s questions

Structure of surveyed people:

Gender Male 70 70%
Female 30 30%
Age 18-30 30 30%
31-40 12 12%
41-50 23 23%
51-60 21 21%
Over 60 14 14%
Purpose of travel ~ Work 35 35%
Returning home 2 2%
Education 0 0%
Healthcare 20 20%
Entertainment/ recreation 7 7%
Shopping 26 26%
Other 10 10%

Observing the structure of surveyed people, demo-
graphically speaking it can be seen that male presence
is significantly higher (70%) than female (30%). Further-
more, observing the age range of surveyed people, most
people come from age group from 18 to 30 years, 30%.
The next most represented age group is 41 to 50 years of
age (23%) and the age group from 51 to 60 years of age is
represented in the percentage of 21%.

Questions: Grades:
1. How do you grade 1 0 0%
the influence of traffic 2 0 0%
infrastructure to the quality 15 15%
of service in this road?
4 48 48%
5 37 37%
6 0 0%
2. How much does the 1 0 0%
longitudinal slope affect the 7 79%
:}e)cetei((i) ::;f travelling in this 3 64 4%
4 29 29%
5 0 0%
6 0 0%
3. Grade your motivationto ~ YES 15 15%
drive? NO 8 85%
Horizontal ~ Vertical Horizontal ~ Vertical
(%) (%)
4. Grade the visibility of 1 0 1 0 0% 0%
horizontal and vertical road 4 2 0 49 0%
signs? 3 8 3 7 82% 7%
4 14 4 87 14% 87%
5 0 5 6 0% 6%
6 0 6 0 0% 0%
5. What grade (1-6) would you 1 0 0%
give to frequency (number 0 0%
of vehicles) on the road? 3 1 1%
4 14 14%
5 79 79%
6 6 6%
6. Givea grade 1-6 for the 1 0 0%
maintenance of road 2 2 22%
section? 3 57 57%
4 21 21%
5 0 0%
6 0 0%
7. Howwould you grade the ~ YES 43 43%
placement of speed limit
signs on the section? NO 37 57%
8. Howwould you grade the 1 0 0%
traffic safety of the road? 2 7 7%
3 78 78%
4 12 12%
5 3 3%
6 0 0%
9. Howwould yougradethe 1 0 0%
occurrences of sudden 2 4 49
:}Ter\:)sa ((1r?nm1mal radius) on 3 0 32%
4 53 53%
5 11 11%
6 0 0%

Grades: 1-N/A, 2- very bad, 3- bad, 4- good, 5- very good, 6- excellent

It can be pointed out that 87% of people graded ver-
tical road signs as good, and 79% of people graded the
level (degree) of possible high frequency of the road sec-
tion as very good. Opposite to this, the most expressed
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answers, and the most negative ones in terms of level of
satisfaction of users were given to the following ques-
tions:

- Road condition grade, where 64% of people grad-
ed the road conditions on the observed road sec-
tion as bad,

- Traffic infrastructure grade, where 74 % of people
answered that bad infrastructure has a negative
impact to quality of service of the observed road
section,

- Horizontal road signs grade, where 82% of people
graded the conditions and visibility of horizon-
tal road signs on the observed road section as
very bad,

- Maintenance of the road section grade, where 57%
of people graded the road maintenance of the
observed road section as bad.

CONCLUSIONS WITH IMPROVEMENT
MEASURES

As seen in the previous analysis and discussion, it can be
concluded that the grades of road condition, traffic infra-
structure, horizontal road signs and road maintenance
worsen the quality of service offered to users by the ob-
served road section.

A subjective grade of existing conditions of the
observed road section, according to relevant indicators
for the analysis of capacity and Level of Service which
are based on aforementioned factors of traffic and road,
gives the conclusion that the observed road section re-
ceived a grade between B and C.

To reduce the negative factors, the following sug-
gestion of measures can be implemented:

1. Improvement of traffic safety through Road
Safety Inspection of observed road section with
road geometry, longitudinal and transverse pro-
file,

2. Improvement of road condition in certain seg-
ments of the observed road section, where needed,

3. Improvement of traffic infrastructure to prevent
negative effects arising from inadequate mainte-
nance or reconstruction of noticed existing facili-
ties by jurisdictional authorities on the observed
road section,

4. Improvement of visibility of horizontal road
signs by applying a new layer of paint on several
segments of the observed road section,

5. Road maintenance as a main priority, as all oth-
er negative factors directly depend on it,

6. Improvement of regulation and traffic manage-
ment on the observed road section through ju-
risdictional organizations,

7. Placement of additional speed limit signs in in-
habited areas with the speed limit of 50 km/h,
and the speed limit of 30 km/h in school areas,
which is not currently visible in the observed
road section,

8. Placement of target improvement for road and
traffic conditions, which directly influences bet-
ter Level of Service (A-B).
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Received: April 5, 2017 Abstract: Insurance telematics is widely used in Europe by young and first-time car drivers[1] [1]. It re-

Accepted: October 18, 2017 lies on an insurance premium that is based not only on static measures, but also on dynamic measures.
The dynamic measures are the current position of vehicle, the current speed at that position, time
spent on the road, the driver’s style of driving etc. When we talk about insurance telematics, we refer
to insurance schemes pay-as-you-drive (PAYD), pay-how-you-drive (PHYD) and manage-how-you-drive
(MHYD). Telematics could be smartphone based insurance with technology which relies on insurance
premiums that reflect the risk profile of drivers and the traditional in-car mounted devices for insurance
telematics. This telematics work is experience from a recent insurance telematics validation and analyst
pilot run in England on motorway around the Heathrow airport. In this telematics test, the global posi-
tioning system (GPS) and smartphone is used as receiver.

The small global positioning system (GPS) transmitter is a small tracker in-car mounted devices with SIM
card with is set up for sending SMS to smartphone every % minutes. The smartphone is the receiver
equipment which is used to collect telematics data which is ready for analysis. There are many com-
panies around with data analytics expertise who use the latest big data analytics technology such as
Hubio Dynamic Data Warehouse[2] [2]. They analyse data from a wide range of different data sources,
including databases, sensors, smartphones and social media.

Keywords: Insurance, Insurance telematics, smartphones, GPS tracker.

TELEMATICS GPS DATA

This research shows the example of telematics model
processing GPS data in order for an insurance company
to bring a number of important decisions on the insured
vehicle. One of the important indicators is vehicle speed,
that is, whether the driver is speeding and exceeds speed
limit on the road. This test was executed in London and
it was used on different types of roads such as regular
roads and highway around the Heathrow airport.

iTrack™

GPS Tracker Car Vehicle Tracking Device TK102 CITATION htt6 \I 2057 [3][3]

Type: Compact magnetic GPS Tracker

EQUIPMENT USED IN RESEACH Model: TK102
Cover: MAGNETIC BASE

The followin g equ ipment was use d in this research: Functions: ?HOCK SENSOR, MOTION SENSOR, LISTENING DEVICE
Brand: iTrack UK

GPS Tracker Car Vehicle Tracking Device TK102  pyery capacity: 000 mAh
[31[3]. This device is a global positioning system (GPS)  Manufacturer Part Number: TK102
transmitter, a small tracker in-car mounted device with ~ GPS sensitivity: 159dBm
a SIM card.

Any smartphone which is enabled to download
data could be used in this test. The smartphone is set to SMS MESSAGES
receive SMS from in-car tracker and process the data to
SQL server. GPS box is located in the vehicle and sends to the Centre

for Management of sms message for processing messages,
every 30 seconds as shown in the attached list. GPS track-
ing box can be controlled from a distance, sending a cer-
tain message from the Centre for Management (Telemat-

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



TTTP (2017) 2(1-2):38-41

Dragan Mihic, et el.:
Insurance Telematics Using GPS Tracker and Smartphone

ics office insurance). The parameters from the GPS tracker
are set to send messages to a collection centre including
vehicle position, vehicle speed and current time.
lat:51.46907 long;:-0.32860 speed:010.4 T:06/13/16 19:14

http:/ /maps.google.com/maps?f=q&q=51.46907,-0.32860&z=16
lat:51.46815 long;:-0.32939 speed:039.4 T:06/13/16 19:14

http:/ /maps.google.com/maps?f=q&q=51.46815,-0.32939&z=16
lat:51.46711 long;:-0.32959 speed:030.4 T:06/13/16 19:14

http:/ / maps.google.com/maps?f=q&q=51.46711,-0.32959&z=16

This research showns import data from SQL Server to
Excel where it is possible create various forms of graphs
and diagrams to analyze the data.

Microsoft SQL Server is a relational database man-
agement system developed by Microsoft which is used
in this resarch. As a database server, it is a software prod-
uct with the primary function of storing and retrieving
data as requested by other software applications, which
for this research is run either on the computer across a

lat:51.46453 long;:-0.33094 speed:043.3 T:06/13/16 19:15
http:/ /maps.google.com/maps?f=q&q=51.46453,-0.33094&z=16
lat:51.46149 long:-0.33184 speed:039.3 T:06/13/16 19:15

network (including the Internet).

Table 2. GPS data imported into Xcel

http:/ /maps.google.com/maps?f=q&q=51.46149,-0.33184&z=16 Telematic GPS vehicle details Road route
lat:51.46074 long;:-0.33164 speed:002.8 T:06/13/16 19:16 DATE | TIME | SPEED [KM] | LAT
. = feq= y - 06/13/16 | 19:14 10 51.46907| -
http:/ / maps.google.com/maps?f=q&q=51.46074,-0.33164&z=16 e o = g prs
06/13/16 | 19:14 30 51.46711] -0.
SMS GATEWAY DATA 06/13/16 | 19:15 43 51.46453| -
06/13/16 | 19:15 33 51.46143| -0.
. 06/13/16 | 19:16 3 51.46074] -0.
SMS messages are collected via the SMS Gateway and  [os/13/16 | 19:15 0 51.46058] -
logged into to the database (SQL Server). The table No.1 ~ [096/13/16 | 13:16 ) 51.46045| -0.
h the data which dtob ¢ ticall 06/13/16 | 19:17 47 51.45987] -
shows the data which are supposed to be automatically  [57576T557 = e
loaded into the SQL Server. 06/13/16 | 13:18 1 51.45878| -0.
The data loaded into database: :ﬁiﬁ: :ﬁg i S:ﬁ ;
1. LAT- Latitud.e 06/13/16 | 19:19 0 51.45879] 0.
2. Londe - Longltude 06/13/16 | 19:34 75 51.40097| -
3. Speed - vehicle speed 06/13/16 | 19:34 61 51.39922] -0.
4. DATE - date 06/13/16 | 19:35 60 51.39905| -0.
’ ) 06/13/16 | 19:35 74 5140267 -
5. TIME -time 06/13/16 | 19:35 94 51.40916] -0.
6. MAP - map (position of the vehicle on the road)
Table 1. Telematic test data
Telematic Test5s 13-06-2016
LAT LOND (SPEED| DATE TIME MAP
51.46907| -0.3286| 10.4|06/13/16 | 0.301388389|http://maps.google.com/maps?f=q&q=51.46907,-0.32860&2=16
51.46815| -0.32939| 39.4|06/13/16 | 0.801388889|http://maps.google.com/maps?f=q&q=51.46815,-0.32939&:z=16
51.46711| -0.32959| 30.4|06/13/16 | 0.301388389 |http://maps.google.com/maps?f=q&q=51.46711,-0.32959&:2=16
51.46453| -0.33094| 43.3|06/13/16 | 0.802083333 |http://maps.google.com/maps?f=q&q=51.46453,-0.33094&z=16
51.46149| -0.33184| 39.3|06/13/16 | 0.802083333|http://maps.google.com/maps?f=q&q=51.46149,-0.33184&z=16
51.46074| -0.33164|  2.8|06/13/16 | 0.802777778|http://maps.google.com/maps?f=q&q=51.46074,-0.33164&:7=16
51.46056| -0.33157|  0.1|06/13/16 | 0.802777778|http://maps.google.com/maps?f=q&q=51.46056,-0.331578&z=16
51.46045| -0.33215| 34.2|06/13/16 | 0.802777778|http://maps.google.com/maps?f=q&q=51.46045,-0.33215&z=16
51.45987| -0.33738| 46.9|06/13/16 | 0.803472222 |http://maps.google.com/maps?f=q&q=51.45937,-0.33738&:2=16
51.45867| -0.33921| 18.7|06/13/16 | 0.803472222 |http://maps.google.com/maps?f=q&q=51.45867,-0.33921&z=16
51.45878| -0.3399 1|06/13/16 | 0.804166667|http://maps.google.com/maps?f=q&q=51.45878,-0.339908:=16
51.4588| -0.33977|  0.7|06/13/16 | 0.804166667 |http://maps.google.com/maps?f=q&q=51.45880,-0.33977&2=16
51.45878| -0.339738|  1.4|06/13/16 | 0.804861111 |http://maps.google.com/maps?f=q&q=51.45878,-0.339788&z=16
51.45879| -0.33982  0.4|06/13/16 | 0.804861111|http://maps.google.com/maps?f=q&q=51.45879,-0.33982&z=16
51.45872| -0.3398| 0.2|06/13/16 | 0.805555556 |http://maps.google.com/maps?f=q&q=51.45872,-0.339808&z=16
51.45869| -0.33979|  0.1|06/13/16 | 0.805555556|http://maps.google.com/maps?f=q&q=51.45869,-0.33979&z=16
51.45872| -0.33981|  1.2|06/13/16 0.80625 | http://maps.google.com/maps?f=q&q=51.45872,-0.33981&z=16
51.45874| -0.33984| 0.4|06/13/16 0.80625 | http://maps.google.com/maps?f=q&g=51.45874,-0.339848z=16

GPS DATA IN XCEL

VEHICLE ROAD MAPS

Using the data from SQL Server, it is possible to make
data analysis and comparison with other relevant data.

The map shows the route of the vehicle (Isleworth,
Twickenham, Sunbury-on-Thames, Egham, Stanwell
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Moor, around airports Heathrow, Brentford, Isleworth).
The road tags on these routes are: A310, A316, A317, M3,

M25, M4, A315, A310.
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Map 1: The map with route of the vehicle

This map shows the route (OpenStreetMapCITA-
TION htt7 \1 2057 [4] [4]) of the same vehicle with the
vehicle speed limit. On the map there are different colors
representing speeds that are allowed on these routes. For
example, black color shows the speed limit on the highway
is110km / h (70 m / h). The permitted speed of the vehicle
in the country is used for comparison with the real speed
of the vehicle and on this basis can be determined vehicle
speeding at the time. These data could be dowloaded from
OpenStreetMap CITATION htt7 \1 2057 [4][4]forthe entire
country and uploaded to SQL Server. There is other pos-
sibility of determining the permissible speed of the vehicle
based on the LAT - Latitude and Londa - Longitude.

e

’ ""1 \:\ iy gl Ad f d
Map 2. The route of the same vehicle with the vehicle speed limit

Speed limits in both miles per hour and kilometers par hour from
QOpenStreetMap using the maxspeed=* tag.

Key
Mo fixed limit
=== Signals (variable)
130-140 kmn/h, 80-85 mph
— 110-120 krn/h, 7075 mph
m 51-109 knrvh, 60-65 mph
m 20-90 knvh, 50-55 mph
m 50-70 knvh, 40-45 mph
== 5] kmi/h, 30-35 mph
m— <=40 km/h, <=25 mph
= [one of the above
O speed limit data major road
= [0 speed limit data minor road

Key 1. Speed limit in [m/h] and
(km/h]

GRAPHS & DIAGRAMS

Graph 1 shows the speed of the vehicle during the pe-
riod of driving the vehicle. The diagram shows the time
intervals to drive on certain categories of times. As an
example, the vehicle was on the highway M25 in the pe-
riod between 19:35 and 19:42 and driving from one to
another highway is shown and the speed limit reduces
from 110 km / h to 80 km / h. This diagram is present-
ing a reference for determining whether the vehicle was
in the permitted speed limit. This parameter is essential
for the insurance company to determine the behavior of
drivers in driving on the basis of which it may determine
an increase or decrease in the premium of the insurance
policy in the next year.

Road speed limit [km/h]
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Graf. 1. The speed limit on the road in the test drive period

GPS Vehicle speed [km/h]
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Graf. 2. The speed of vehicles in the test drive period

Graph 2 shows the real speed of the test vehicle in
the time period and position of vehicles on the road.

Graph 2 shows permeted speed limit of the vehicle
(in red) and the real speed of the test vehicle (blue). This
graph shows that the driver speed limit is several times
in certain intervals.
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Vehicle GPS data
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Graf. 3. Permeted speed and the real speed of the test vehicle

ANALYSIS OF DATA

From the data collected it is now posible extract data
speeds of vehicles that exceed the speed limit of vehicles
at a particular possition on the road.

Table 1 shows the speeds limit exceeding in the time
and the particular vehicle position on the road. From
this table it is possible to determine the vehicle speed
which was exceeded in the time period, the percentage
of speeding and other important data for analysis. If set
percentages that represent the limit speed for example
up to 10% the data from table shows that the overspeed
occurred in two time intervals 19:55 and 19:59. Other im-
portant parameters are how the driver drives the vehicle
in the period (year), where the vehicle is parked, how
often breaking the vehicle etc.

Time |Carspeed|Speed limit| Road %

19:26 71 64 A31T7 8.82
19:26 82 80 A317 1.75
19:28 81 80 A31T7 1.15
19:29 114 113 M3 0.75
13:30 124 113 M3 8.78
19:43 115 113 M4 1.70
19:51 69 64 M4 6.16
19:51 69 64 M4 6.02
19:51 63 64 M4 5.61
19:55 53 43 A315 9.42
19:55 54 43 A315 11.09
19:59 57 48 A315 15.59
20:01 52 48 A310 7.33

Table 3. Speeding vehicles in a certain period of time

ALGORITHM

Using data analysis is possible to determine the pat-
tern of driver’s behavior on the road and hence use algo-
rithm that directly affect the increase or decrease in the

price policies in the coming insurance driver year.There
are many companies around with data analytics exper-
tise who is using latest big data analytics technology like
Hubio Dynamic Data Warehouse CITATION Dat17 \1
4122 [2] [2]. They analyse data from a wide range of dif-
ferent data sources, including databases, sensors, smart-
phones and social media.

Input parameters used in analytics technology:
The road number
Vehicle position
The time of vehicles movement
Vehicle speed
Exceeding the speed limit of vehicles
G-force (braking sharply and rapidly changing
direction and reversible driving)

SRS e e

CONCLUSION

Using telematics with GPS tracker and smartphone is
good example where the Information and telecommu-
nication technology enables new applications for intel-
ligent transportation systems. This technology has the
capability to improve existing business models in the
insurance industry. This researchdiscussed the technical
challenges and highlighted the main obstacles for suc-
cessful applications in terms of information quality, in-
tegrity and availability. This paper has discussed of how
to measure driver behavior and how to present a scoring
procedure, described the risk profile base on parameters
as road number, vehicle position, time of vehicles move-
ment, vehicle speed, exceeding the speed limit of vehicles
etc.In this research is highlight and discuss the challenge
involvedtransferring data (sms message) from the com-
munication devices such as GPS tracker to smartphone
what showing that is possible use cheap and available
equipment of low cost to gather telematics data and suc-
cessfully use in insurance industry.
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For the realization of the set objectives it was needed: to introduce electronic billing system with the
use of contactless- chip card as a monthly ticket, all vehicles will be equipped with electronic conditions
for the sale of individual tickets and recording contactless- chip card and receive training for direct
partcipants.

All vehicles are equipped with electronic conditions for the sale of individual tickets and recording con-
tactless- chip card. All the participants involved in the use of electronic ticketing systems are trained and
equipped with the necessary means.

The result of the introduction of electronic toll collection system is to reduce: the retention time at the
bus stops and to ensure good performance of administrative driver. The importance of introducing elec-
tronic toll collection system is the reduction of fuel consumption, air pollution emissions of SO2, faster

handover and discharge of collected cards and increase the solvency of the company.

Keywords: electronic payment system, contactless smart cards, emissions, solve.

INTRODUCTION

The company was founded on March 21, 1958 under
the name of “Zenicatrans”. Its operation began with 3
trucks for passenger transport at the three city bus lines.
Throughout its development, the company has been go-
ing through a great deal of organizational changes. In
the year of 1989, it reached its maximum development:
transporting 36 million passengers, travelling 10.4 mil-
lion kilometers with 154 busses. In the time period be-
tween 1992 and 1995, a high number of driving units was
destroyed. After the year of 1995, the company operated
with a few obsolete buses.

In 2007, the company got a new name - Javno ko-
munalno preduzece (JKP) “Zenicatrans-prevoz putnika”
d.d. Zenica (Public Utility Company “Zenicatrans - Pas-
senger Transportation” joint stock company, Zenica.).
“Zenicatrans-prevoz putnika” is a joint stock company
with 80% state-owned share and 17% private share. The
core business involves transport of passengers in the
city, suburban and intercity transit. Today, the company
has 176 employees and 50 buses with 600 departures in
the area of municipality, canton and BH Federation.

By March 2007, the system of transport operation
data processing was based on travel orders which did
not allow an insight into the most of the activities in the

process. Due to everyday organizational and subjective
problems such as: issue of the individual and monthly
tickets, signing them in and out, and settlement of funds
by drivers and cashiers, the continuous and daily control
of funds inflow was impossible. This way of data pro-
cessing did not provide the company management the
continuous and timely information crucial for smooth
business operation.

In March 2017, a decision was made on starting the
pilot project of the electronic ticketing system introduc-
tion. The main objective of the electronic ticketing sys-
tem was the following - a contactless smart card was to
reduce the time of: ticket issue at bus stops, time spent
at bus stops, operation of motor vehicles in the neutral
position. All of the vehicles, cash register and technologi-
cal service were equipped with electronic devices for the
sale of individual tickets and recording contactless smart
cards. The application of this kind of ticketing system
resulted in the reduction of: time of the issuance of indi-
vidual and monthly tickets, administrative activities of
bus drivers, time spent at bus stops. The electronic ticket-
ing system also made a positive effect on the reduction
of fuel consumption when at bus stops which directly
influenced environmental pollution reduction.
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DESCRIPTION OF ELECTRONIC TICKETING
SYSTEM

Handheld terminal IT 3000

Picture 1. Handheld device IT 3000 [2]

IIn March 2007, various activities were initiated
regarding the introduction of the electronic ticketing
system for passenger transport in cooperation with the
company “Cetrta Pot” Ltd. from Kranj, Slovenia. The
first phase included the installation of two handheld
electronic devices IT 3000 and the individual sale of tick-
ets in the bus. Picture 1 shows the handheld device IT
3000 designed for ticket sale onboard a bus as well as
ticket inspection carried out by bus inspectors.

Technical features of the IT 3000 device include:
terminal, integrated terminal printer, integrated e-card
reader, integrated SQL base, TFT touch screen, Windows
CE OS, 32 MB RAM.

A detailed data analysis of the features brought
about by the new system, indicates the useful informa-
tion with respect to improvement of technical, techno-
logical and economic parameters for a particular means
of transportation. Based on the analysis on the IT 3000
handheld device application, the decision was madeto
embark on the second phase of the electronic ticketing
system implementation.

Stable device TA — 400 including terminal BT3 and

electronic ticket

The second phase of the implementation is the con-
tinuous procurement of handheld devices and stable TA
- 400 devices including terminal BT3 and electronic tick-
ets (smart cards). Picture 2 shows the stable device TA
- 400 including terminal BT3 (reader) in the vehicle. The
device is installed next to the driver who operates the
device using touch screen and issues tickets in a simple
way. Picture 3 shows the smart card.

Picture 2. Stable device TA 400 including terminal BT3 in the vehicle [2]

Technical features of a stable device TA - 400 in-
cluding terminal BT3 are as follows: information on the
funds available; full POS application, data key, WLAN
or GPRS, integrated SQL base, connection to GPS system,
LED displays, big TFT color touch screen. Passenger ter-
minal BT3 is designed for the passenger who approaches
the terminal with his/her card and in this manner does
everything necessary for his/her ride. Technical features:
e-card reader ISO-14443, fast terminal printer with a cut-
ter and simple paper change, big graphic LCD display
FSTN, electronic ticketing system.

NS

A DD, FINICA

Picture 3. Smart card [2]

Electronic ticket provides for a fast and simple daily
payment of travel in passenger traffic. When the electron-
ic ticket is held close to the terminal BT3, the computer
checks the ticket functionality and distance and based on
the complex algorithm approves or denies the entrance
and at the same time reduces the amount of funds avail-
able at the card and prints a payslip.

The system also allows cash payments for occasion-
al travelers who are then issued a bus ticket.

All those transactions are recorded and transferred
into the central database, and additionally they provide
a basis for internal calculations, drafting reports and traf-
fic analysis.

Nowadays, PUC “Zenicatrans - Passenger Trans-
porttion” has installed electronic ticketing system in all
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its driving units. In addition, the bus inspectors, ticket

(smart cards) sale officers, cash handling and registration

officers handling the drivers and their daily paperwork

are also equipped with the same electronic devices.
Picture 4 shows a bus at a bus stop.

Picture 4. Bus at a bus stop [1]

BUS4i Application
PUC “Zenicatrans - Passenger Trasportation” joint
stock company Zenica operates through servers in Kranj,
Slovenia owned by the “Cetrta Pot” Ltd. Kranj Company
which actually installed this program in our buses. This
includes the following;:
- operation by travel order (lines, station, depar-
ture time)
- all code lists, price lists, lines etc. are adjustable
in the database,
- parallel tariff system
- selection of price list for given line, country, de-
parture/arrival stations, cooperation etc.,
- automatic price calculation for all sorts of pas-

= cangaakalid 1

senger, luggage and package tickets,

- higher discount categories (disabled people, em-
ployees and others),

- fast printing of tickets with all the data,

- the possibility of cancellation and traffic review,

- the use of contactless card as a ticket (term-
based, work, school, coupon ticket),

- recording of each particular ticket sale,

- handling travel orders.

Picture 5 shows electronic ticketing system.

EFFECTS OF THE ELECTRONIC PAYMENT
SYSTEM APPLICATION

The introduction of the electronic ticketing system re-
sulted in:

- raising the quality of services in transport

- improvement of technological discipline of em-

ployees,

- increase of the capacity availability,

- reduction of fuel consumption and other ex-

penses,

- increased safety etc.

This kind of system provides for a continuous flow
of a huge amount of information. The timely and quality
information enable the company management to make
a comprehensive and high quality analysis of all phases
and elements of the transport system with the aim to
make informed business decisions for the effective op-
eration of the transportation process.

The system records each particular ticket sold in-
cluding the place and time of sale, and also registers ev-
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Picture 5. Electronic ticketing system, source: copyrighted [1]
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ery single buyer of a monthly ticket. This type of passen-
ger entry recording system opens up endless possibilities
for operation analysis on individual routes, as well as the
performance of every driver, especially the ticket sale of-
ficer who sells smart cards and includes the possibility
of monitoring how many of the monthly smartcard rides
have been actually realized.

Daily analysis of all the operational elements show
that this system has directly influenced the company’s
survival and its future.

Analysis of fuel consumption especially during bus
stopping at bus stops shows that the time the vehicle
spent at bus stops has been greatly reduced. The reduc-
tion of bus stop time is caused by faster sale of individual
tickets and faster inspection and recording of monthly
smart cards, which led to reduced fuel consumptions, the
fact that directly brings about the reduction of environ-
ment pollution caused by exhaust gasses from vehicles.

The effects of the electronic payment system applica-

tion on the air pollution reduction

Based on daily information provided by the elec-
tronic ticketing system, a detailed analysis of the fuel
consumption and bus stop time was made for the year of
2014. The table 1 shows basic parameters of the analysis
required for the calculation of the amount of sulfur di-
oxide emissions (SO2) and carbon dioxide (CO2) for the
year of 2014.

TABLE 1 Parameters for the calculation of the amount of SO2 and
SO2 emissions [1,2,3,5]

Paremeters Value
Passengers transported, number 5.510.687
Departures for all bus lines in one day, number 600
Average number of bus stops per single departure 11
Average number of passenger boards per stop 3
Reduction of bus stop time per passenger, seconds 5
Daily number of bus stops, number 6.600
Average fuel consumption, 1/100 km 35
Fuel consumption in one hour during engine operation in the neutral 6
position (idling) as driver sells tickets on the bus, 1/h

Daily reduction of the bus operating time at bus stops, h/day 27,50
Daily reduction of fuel consumption due to short bus stop time, 1/day 165
Average content of the sulfur in the fuel, mg/kg 6,49
Average specific weight of oil, kg/1 0,85
Combustion of 1kg of fuel, generating the quantity of mg SO2 12,98
Combustion of 1kg of fuel, generating the quantity of m* SO2 07
Combustion of 1kg of fuel, generating the quantity of kg SO2 2
Combustion of 1kg of fuel, generating the quantity of kg CO2 322
Density of the gaseous CO2, kg/m* 1,98

The table 1 shows that in the year of 2014, the fuel
consumption was reduced by 50.490 kg of fuel, all due
to shorter bus stop time. Based on the aforementioned
parameters and lesser quantity of the consumed fuel, the
emission was reduced by 162,57 tons or 82.106 m* CO2
and 655,36 kg or 458,75 m?* SO2.

CONCLUSION

Having analyzed all the information registered by the
electronic ticketing system and information acquired,
it is obvious that the application of new technologies in
traffic contributes to the reduction of emissions of sulfur
dioxide, carbon dioxide and other components caused
by fuel combustion.

The reduction of emissions is caused by shorter
bus stop time and lower fuel consumption. The system
provides a great deal of information required for quality
management of traffic processes.
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Abstract: The Republic of Srpska implemented three procedures provided by the Directive 2008/96/EC,
namely: road safety audit for infrastructure projects (Road Safety Audit, RSA), road safety impact assess-
ment (Road Safety Assessment RSI), as well as the procedures of identifying, ranking and remedying and
black spots management (BSM).

This paper presents a concrete road safety inspection of intersection on the primary road (major road)
M4 in the place Vrbanja near Banja Luka. The said intersection is where the major road and access
road to newly constructed cemetery in Banjaluka intersect. After the inspection, the Public Company
“Republic of Srpska Motorways” as road administration implemented some recommendations from the
final Report on road safety inspection in order to improve these procedures.

Also, an analysis was carried out to identify the conditions before and after the audit and partial imple-
mentation of recommendations.

Keywords: 2008/96/EC, Republic of Srpska, RSA, RSI, BSM.

INTRODUCTION

Regulation on audit and inspection, requirements and
manner of licensing (Official Gazette of the Republic of
Srpska, number 72/12) road safety audit is defined as
follows: “Road safety inspection is a formal safety as-
sessment of the current road conducted by a competent
individual or a team”. Road safety inspection is carried
out by an auditor having a license for road safety audit
which is issued by the Road Safety Agency, pursuant to
provisions laid down in the said Regulation.

During the year 2014, and given the higher num-
ber of traffic accidents at the said spot, road safety in-
spection was carried out [1], on the section Banja Luka
(Rebrovac)-Celinac, major road M4, for the micro-spot of
the intersection of the access road to the New city cem-
etery in Banjaluka and previously mentioned section of
the major road M4.

The said intersection, in the form it currently exists,
was constructed in several different phases, based on the
project documentation developed for the purpose of con-
structing the said intersection, which included significant
construction works and violation of property relations,
the existing residential buildings within the intersection

zone. It is necessary to highlight that certain elements
of the intersection are constructed within the borders of
available land in the manner that some elements of the
intersection provided for by the project documentation
were constructed in an improvised manner, in order to
suit the current property situation.

In the course of the year 2013, on previously con-
structed area of the intersection, channelling island was
constructed which was fully compliant to the project
documentation, whereas other elements of the intersec-
tion were not in line with solutions from the project doc-
umentation.

Given the nonconformity, traffic accidents occurred
more frequently, featured by hitting the channelling is-
land which made the administrator to remove the island
after the order of the road inspection and to require a
road safety audit to be carried out (RSA, RSI).

METHODOLOGY

Through previously mentioned road safety audit pro-
cedure, an analysis of the subject spot was conducted
relating to road safety, in accordance with methodol-
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ogy determined for this procedure. The report provides
short-term, medium- and long-term measures to im-
prove the traffic conditions on this spot.

Picture 1. An overview of road safety audit coverage (Google earth,
2016)

This paper provides an analysis of activities under-
taken after the procedure of the road safety inspection
was conducted on the section of the major road M4, in the
place Vrbanja in Banjaluka, first of all from the aspect of
civil-engineering and other measures on the subject sec-
tion and/or concrete spot, as well as the analyses of the
effect of certain measures on safer traffic at the very spot.

The analysis was conducted with the aim of bring-
ing it as close as possible to the content of the report [1]
and to make as simple as possible the comparison of the
conditions before the report was made and the conditions
on the day this paper was produced. In this regard, the
results of the research and discussion relating to the re-
search included the following segments which are typical
for the implementation of road safety audit procedure:

1. Function and road environment;

Cross-section of the road;

Road route;

Intersections;

Public and private services, services and rest
area, public transport;

6. Needs of vulnerable participants in the traffic;

7. Traffic signalisation and road equipment.

Finally, this paper provides final considerations re-
lating to the importance of implementing this procedure
to the concrete spot.

Ol W

RESULTS OF RESEARCH

The subject spot presents a zone of intersection of the
major road M4 and access roads to the newly construct-
ed city cemetery “Vrbanja” in Banja Luka, which is pre-
sented in the picture 1

Function and road environment

Conditions before the road safety audit was

carried out

The subject section is used for mixed traffic, where-
by it should be emphasised that along the section, to the

left, looking from the direction of Banja Luka towards
Celinac, there are two individual residential buildings
with connections to the road, and the connection spots
of individual residential buildings and connecting roads
are not marked. Further on, the road spreads in the form
of a sharp curve to the left in the radius of 90 m, and then
80 m far from the curve to the left separates the connect-
ing road to the new cemetery which spreads like a sharp
right curve in the radius of 120 m.

Proposed measures

Through short-term measures, the report recom-
mends removal of the trees and overgrowth from the
right side of the road, looking from the direction of Ban-
jaluka towards Celinac, in the entire length between the
two adjacent curves.

Implemented measures

In this moment, it can be stated that no significant
interventions have been implemented in order to reduce
the impact of the road environment and its effect to traf-
fic accidents.

Road function is a parameter that is changed in the
long run and by systematic measures and in the given
context so that the change of the road functions was not
envisaged in the short period which elapsed from the pe-
riod of this report until now.

Cross-section of the road

Conditions at the time road safety audit was

carried out

At the time the Road safety inspection was carried
out, the road was divided in two lanes with one traffic
lane, whereby the right lane was 3.40 m wide and the left
one 3.30 m. On the very surface of the intersection, the
right lane included one traffic lane 3.0 m wide, while the
left lane included three traffic lanes at the width of 3.20;
3.30 and 3.00 m respectively (end left traffic lane). After
the intersection the road was divided in two lanes with
one traffic lane each, the right one 3.20 m wide and the
left one 3.40 m.

Access road to the new cemetery consisted of two
lanes whereby the right lane, looking from the direction
of the cemetery, was divided in two traffic lanes, right-
and left-turn lanes, and the left-turn lane consisted of one
traffic lane.

Water drainage from the connecting road was re-
solved in the way that a culvert with grids was construct-
ed over the entire width of the connecting road, whereby
the grid was partially damaged. At the very crossroad,
the surface of the lane was different, and particularly em-
phasised are colours of the asphalt on certain traffic lanes
which can confuse participants in the traffic.

On the observed section, the width of traffic lanes is
not widened in curves.

There are no pedestrian lanes on this section except
for the 60 m long sidewalk which spreads from the right
edge of the connecting road, looking from the direction
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of the major road towards Celinac.

There is a real danger of vehicles congestion on the
observed intersection when drivers turn to the cemetery
and back at the time of funerals, which was not prop-
erly marked. Given that there is no special left-turn lane,
when looking from the direction of Banja Luka towards
Celinac, and that the length of the right traffic lane lead-
ing from the curve is relatively short (about 75 m) there is
a real danger of vehicles congestion and hitting vehicles
from the back due to insufficient visibility.

Proposed measures

Within medium-term measures, a reconstruction of
the intersection is envisaged, with special accent on the
channelling island on the direction towards Celinac with
recommended length of at least 250 m, as well as con-
struction of a bus stop that is a lay-by.

Long-term measures predict reconstruction of the
subject intersection and turning the current three-leg
crossroad into roundabout.

Implemented measures

Partial reconstruction has been made in the zone of
the subject intersection, whereby channelling island was
constructed in the length of ~128 m, while channelling
island was physically constructed at the length of ~90 m,
and the remaining part is in the form of horizontal traffic
signalisation.

Picture 2. Condition on the subject spot from 2011 (Google earth, 25
October 2016)

Picture 3. Condition on the subject spot from 2016 (Google earth, 25
October 2016)

Road route

Conditions in the time road traffic safety audit
was carried out

The report states that the current speed limit of 50

km/h is not in compliance with elements of the road
route and that visibility at the right curve is not ensured
due to the overgrowth and trees on the right side of the
road. Within the very zone of the intersection, it was
stated that the road route is not appropriate and/or that
after the direction (direction from Celinac) at the length
~300 m the route enters the curve with a radius of 120 m.

Proposed measures

Neither short nor medium-term measures presume
the change of horizontal geometry of the road in the zone
of the subject intersection, while long-term measures
suggest correction of the horizontal geometric elements
of the road.

Implemented measures

Compared to the analysed conditions, no change in
the horizontal geometry of the road occurred so that the
same curves are retained in the same conditions as re-
corded in the course of the year 2014.

Picture 4. Condition on the subject spot from 2011 (Google earth, 25
October 2016)

Google Earth

Picture 5. Condition on the subject spot from 2016 (Google earth, 25
October 2016)

Due to the overgrowth and trees on the right side
of the road when looking from the direction of Celinac,
horizontal visibility is still reduced at the right curve.

Intersections

Conditions in the time the road traffic safety

audit was carried out

There is an intersection on the observed section
where the access road to Novo groblje (New Cemetery)
connects to the major road, to the left, when looking
from the direction of Banja Luka towards Celinac. The
connecting road collides with the major road at an angle
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of about 100°. The lane of the intersection is 12.50 meters
wide and the width of the right traffic lane is 9.50 meters
wide, looking from the direction of Celinac, which can
confuse drivers when they are to choose the traffic lane
and encourages them to drive faster, which is very dan-
gerous when we take into consideration the vast curve
from both directions and the crossroad in the zone of two
consecutive curves from opposite directions.

Traffic priority in the crossroad can be recognised, but
traffic flow is not fully comprehensible because of the three
traffic lanes on the left lane. The crossroad project does not
meet the needs of road users, which particularly refers to
the needs of users driving to the new cemetery. There is
no left-turn lane, looking from the direction of Banja Luka
towards Celinac, although it is expected that funeral pro-
cessions move from the direction of Banja Luka.

Proposed measures

The surface of the intersection has been considered
through all the three levels of measures in this report
and/or short-, medium- and long-term intervention
measures on the subject locality.

Short-term measures presume installation of traffic
signalisation and equipment in order to reduce the speed
of driving through the surface of the intersection, and in
terms of an appropriate and timely identification of hori-
zontal elements of the road and the intersection.

Furthermore, medium-term measures propose par-
tial reconstruction of the intersection with the aim of sep-
arating the traffic lanes for different directions, while the
long-term measure proposes the reconstruction of the
said intersection in a wider context and its transforma-
tion into a roundabout.

Implemented measures

At this moment, it can be concluded that short-
and medium-term measures have been partially imple-
mented. The intersection has been reconstructed in the
manner that traffic lanes were separated by construc-
tion (item 3.3.3), so that appropriate vertical and partial
horizontal signalisation has been installed along the road
(item 3.7.3), as proposed by the short-term measures,
which enables drivers to timely and properly notice cer-
tain elements in the intersection, including the elements
of the road horizontal geometry.

Public and private services, services and rest areas,

public transport

Conditions in the time the road traffic safety

audit was carried out

Public suburban traffic is carried out along the sub-
ject intersection and/or the intersection zone, within the
system of the public and suburban transport of passen-
gers in Banja Luka. At the time the road traffic safety in-
spection, the cemetery was not in function so that a bus
stop was not needed in the subject zone.

Proposed measures

Considering the fact that relative to the time of pre-

paring this report on traffic safety inspection commission-
ing of the location intended for the cemetery was expected,
in this regard auditors of the road traffic safety provided
concrete proposals for the construction of bus stops on
the part of the road in that direction, directed towards
Celinac. Besides the above stated we need to say that au-
ditors reported that zebra crossings and sidewalks should
be planned for pedestrians in addition to bus stops.

Implemented measures

Compared to the conditions before the road traffic
safety inspection, no substantial changes occurred, ex-
cept that one public transport line was introduced to the
city cemetery, in accordance with the timetables, while
only one bus stop with turning option was formed with-
in the complex so that buses coming from the direction
of Banjaluka approach the cemetery and the bus stop via
the crossroad.

Needs of vulnerable users of the road

Conditions at the time the road traffic safety au-

dit was carried out

At the times this report is developed, needs of pe-
destrians are not taken into consideration because there
are no zebra crossings. The subject section is not lighted
so that movement of pedestrians is not safe at night. Due
to reduced visibility, visual contact between a driver and
a pedestrian is not ensured. The observed section does
not provide biking paths or lanes.

Proposed measures

Having in mind that short-term measures envisage
substantial construction works, and given that no activities
are planned in this respect to improve the safety conditions
and movement of pedestrians, it was planned through me-
dium-and long-term measures instead, where construction
of appropriate footpaths have been envisaged.

Implemented measures

A higher number of pedestrians are expected on the
observed section once the cemetery is in function. Needs
of pedestrians have not been taken into consideration
since zebra crossings are not provided. The subject sec-
tion is not lighted so that movement of pedestrians is not
safe at night. Due to reduced visibility, visual contact be-
tween a driver and a pedestrian is not ensured. There are
no biking lanes or paths on the observed section.

Traffic signalisation, marking, light

Conditions at the time road traffic safety audit

was conducted

At the time this Report was developed, not all verti-
cal traffic signalisation was installed on major or on ac-
cess roads. There are traffic signs of speed limitation of
50 km/h from both directions of movement. When ap-
proaching the subject intersection, danger signs for con-
nection roads are missing. Horizontal signalisation at the
very intersection is missing as well as signs to guide traf-
fic in the intersection - permitted directions and direc-
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tions of movement.

Proposed measures

Traffic signalisation and equipment are integral
part of the road so that installation of appropriate traf-
fic signalisation and road equipment are planned to this
respect in all three levels of the proposed measures.

Concrete development of traffic signalisation is giv-
en through the implementation of short-term measures,
first of all because of the fact that the installed traffic sig-
nalisation and equipment make the basis for these mea-
sures.

In medium-term measures, the proposed traffic sig-
nalisation and road equipment are in the function of final
solutions and the road safety auditors fail to provide any
concrete traffic-technical solutions in this context, but the
designer was given the task to design the appropriate
traffic signalisation and equipment in accordance with
positive legal regulations.

DISCUSSION

Guidelines for traffic safety assessment [3], adopted by the
Republic of Srpska Government, traffic safety assessment
is defined as follows: “Traffic safety assessment is a regu-
lar and routine assessment of characteristics and possible
errors and/or defects on the roads that require mainte-
nance for safety, which means that it is about assessing
and/or defining possible deficiencies incurred after com-
missioning of the road”.

Within the report on road safety assessment [1], in
addition to the analysis of conditions and the proposed
measures, certain problems were identified that are re-
flected through the following:

* Intersection for the newly constructed cemetery
lies between a sharp right and a sharp left curve
whereby the distance between these two curves
amounts to 159 m,

* Visibility on the mentioned section leading to the
newly constructed cemetery lies between s sharp
right and a sharp left curve whereby the distance be-
tween the tops of these two curves amounts to 150 m,

* Visibility on the said section is insufficient due to
the trees and overgrowth which do not allow par-
ticipants in the traffic to spot the curve timely. Vis-
ibility problem is particularly difficult for drivers
who turn left,

* Speed measurement, which is given in the attach-
ment herewith, showed that the current speed lim-
itations are not observed. This particularly stands
for vehicles driving from the direction of Celinac
towards Banja Luka,

* Left-turn lane is missing, looking from the direc-
tion of Banja Luka towards Celinac, where several
tens of vehicles are expected to gather in the time
of funerals,

* Connection road for the new cemetery is not at

the level of the major road, it is on the ascent
with the longitudinal slope of 6 to 10%,

e There is a problem of traffic management in the
intersection due to the three traffic lanes for ve-
hicles driving from the direction of Celinac to-
wards Banja Luka, while there is one traffic lane
for vehicles moving from the direction of Banja
Luka towards Celinac,

e There is a problem for vehicles connecting from
the direction of the cemetery towards Banja
Luka when they turn right. The time needed
to make sure that the road is free, to turn right
and to achieve the permitted speed of 40 km/h
(traffic flow speed) amounts to about 8 seconds.
There is a real danger that drivers driving from
the direction of Celinac towards Banja Luka who
exceed the permitted speed of driving (which
was indicated in speed measurement), will not
notice a vehicle connecting the road from the
direction of the cemetery on time and that this
vehicle might be hit from behind.

* There is no public bus transport stop nor the pe-
destrian path on the observed section.[1]

Pursuant to article 10 of the actual Regulation [2],
once the auditor has completed the report, provided rec-
ommendations and submitted the report, the authority
shall be obliged to analyse the assessment carried out
and make a written statement on recommendations giv-
en by the auditor.

In this concrete case [1], there is no track on the state-
ment on auditor’s recommendations so that it is not pos-
sible to make an analysis of attitudes the authority on rec-
ommendations of the road safety auditor in this segment.

Analysis of implemented measures brings the con-
clusion that the authorities (the City of Banja Luka for the
access road and the public company “Republic of Srpska
Motorways” Ltd. Banja Luka for the major road), have
not implemented the measures and recommendations
given in the report to a significant extent. [1].

Auditor’s recommendations, stated in the report
are defined as short-term, medium- and long-term mea-
sures. Short-term measures were in the function of fast
action with the aim of reducing the number of traffic
accidents and they could not have been analysed from
this point of view given that realisation and implemen-
tation of these measures was not observed, so the time
when the authority implemented a number of medium-
term measures was not recorded. The implementation of
long-term measures is not the subject of this discussion
either, because they have not been implemented.

When it comes to medium-term measures, it is ob-
vious that they have been implemented to the extent that
the form of recommendations was met in the segment
of channelling the road surface, additional lanes were
formed for left-turn, and a part of signalisation system
and equipment was installed.
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In the report, auditors indicated the need for one
channelling island at the length of at least 250 m, with the
aim that the channelling island and the current horizon-
tal curve that are of relatively small radius could be no-
ticed much earlier so that drivers could adjust the driv-
ing speed to the conditions.

Within the presentation of the research results,
it was stated that the speed in the intersection zone is
limited to 50 km/h. However, taking into consideration
the fact that disregard for speed occurs mostly on sec-
tions where the speed limit is 50 km/h or 60 km/h, 58%,
and/or 68% drivers who disregard the permitted speed
were recorded [4], while it was expected that most driv-
ers disregarded the prescribed speed limit in the zone of
the intersection, which prompted auditors to define the
minimum length of the channelling island. In this con-
nection, the consequences on the channelling island (di-
rection from Celinac), which can be seen on the picture
no. 6, support the fact that the lack of visibility and inad-
equate speed prevent a certain number of drivers from
establishing the contact with the channelling island, the
traffic signalisation and the road equipment, which obvi-
ously existed in the given moment.

Picture 7. Condition on the subject spot from 2016 (4 March 2016)

According to the above stated, it can be concluded the
channelling island was not constructed in the right manner
and in appropriate dimensions so as to make it visible to all
motor vehicle drivers.

From the direction of Banja Luka (Picture no. 7), a
separate left-turn lane was constructed (n=2), which pre-
vents vehicle congestion, while the traffic signalisation that
marks the spot where the sharp curve starts (sign “Direc-
tion post” (IlI-71) and (III-72), was installed in an appropri-
ate manner, which can be said for another direction as well
(from the direction of Celinac).

Compared to the conditions before the report was
produced, the safety level was increased and traffic signali-
sation installed so that it can be concluded that this nota-
bly reduced the consequences arising from the insufficient
implementation of the required construction measures.

CONCLUSION

The above text presents the research results that refer to
traffic conditions in the zone of the intersection of the ac-
cess road towards the new cemetery and the major road
M4 in the place Vrbanja in Banjaluka.

In the course of the year 2014, a team of auditors
produced a report on road traffic safety assessment, in
which they stated problems in an unambiguous manner,
and provided recommendations in terms of short-term,
medium- and long-term measures to improve the traffic
safety on the subject site.

The assessment of the expert team aimed at inform-
ing the authority about the real scope of the problem
on the subject spot and recommending the authority to
undertake measures following an appropriate dynamic
plan, adequate and quality measures.

After the analysis was carried out, it could be con-
cluded that the authority failed to appropriately recog-
nise the scope of the problem which is the result of the
construction of three-leg crossroad on the subject micro-
location, whereby the authority failed to recognise the
importance of the traffic safety assessment procedure.

Development of laws and bylaws in terms of
strengthening the procedures of audits and safety assess-
ment is one of the ways for the appropriate implementa-
tion of recommendations, as well as the appropriate and
quality measures with a suitable dynamic plan.

Besides the above indicated, auditors must justify
the trust through their report on implemented measures
and audits and give recommendations and propose mea-
sures that can be implemented in the given moment with
the best ratio between the “invested and gained”.

In addition to the above stated, in further context of
traffic safety improvement on the subject site, it is neces-
sary to track the occurrences of traffic accidents and con-
sequences thereof, and to undertake appropriate actions
and implementation of the remaining recommendations
that have not been implemented yet.
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