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EDITOR’S WORD

Dear readers,

It is my pleasure to present to you the eleventh, printed and electronic magazine “Traffic and transport theory
and practice - TTTP” which successfully resists the challenges set in areas of contemporary processes of traffic and
transport engineering,.

Papers in this issue cover performance quality of carriageway construction and reconstruction in terms of in-
creasing durability of the wearing course, preventing the creation of spider cracking and increase of quality values
of friction, i.e. adhesion between the wheel and the carriageway. There is a significant focus on the environment in
this issue, from use of electric vehicles to fuel decarbonisation. There are papers that discuss behaviour of electric
vehicles in cities and their contribution to the better quality of life. We also gave space to PhD and MSc candidates in
their research of logistic processes and location distribution of logistic centres. Of notice is also an approach to park-
ing policy analysis on a case study in the City of Gradigka. In the end there is an overview on prevention of potential
illegal actions and eliminating risk in air traffic from the aspect of “cyber” crime, where we presented contemporary
methods of safety risks management by using artificial intelligence.

The magazine has ensured an open access to previous issues on its own website (https:/ /apeiron-uni.eu) which
provides wider population of researchers to publish and protect the copyright of their papers.

Editor-in-Chief
Prof. Danislav Draskovié, PhD Eng.
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Abstract: This paper used research results from renowned foreign and domestic institutes in terms of
influence of synthetic fibres from armide and polyoefin family on physical and mechanical characteris-

tics of asphalt mixture, firstly in terms of chemical bonding, longevity of use and solidity. The researches
show that this is a new technology which provides for formation of 3D reinforcing net in the asphalt,
and which has significant effect on increased resistance to permanent deformations, fractures and in-
creased resistance with possible decreased thickness of asphalt layer and extended longevity, which
provides for important economic benefit. Comparing this asphalt component with conventional we see
increased resistance to “road ruts”, sensitivity to water and permanent deformation.

Keywords: aramide, polyolefin, reinforcing net, deformations.

INTRODUCTION

Fibers have been used to improve the performance of
asphalt mixtures against permanent deformation and
fatigue cracking. By controlling thermal, reflective and
fatigue cracking, as well as rutting, synthetic fibers pro-
vides the benefit of immediate cost savings through
reduced asphalt thickness or extended asphalt life, or
both. These fibers contain aramid and polyolefin fibers
and other materials, known for their strength, durabil-
ity, and binding properties. The objective of this study
was to evaluate the performance of the conventional
unmodified (control) and polypropylene/aramid fi-
bers reinforced asphalt mixtures using laboratory tests.
The main goal was to determine the properties of fiber
reinforced asphalt mixtures in stiffness, permanent
deformation, and cracking characteristics compared
to unmodified mixtures. Wheel track rutting, resilient
modulus, dynamic creep and indirect tensile fatigue
tests were used to evaluate these properties. The fibers
were added to the mixture in the laboratory and in
batch asphalt plant. Both laboratory and plant mixed
asphalt mixtures were compacted in the laboratory in to
different test specimens and were tested to determine
performance.

LABORATORY ASPHALT MIXTURES

The fibers used in this study were a blend of synthetic
fibers named Forta-fi that are designed for use in hot
mix asphalt applications. The fibers are designed to re-

inforce the HMA in three dimensions and provided by
FORTA Corporation. Table 1 shows the physical prop-
erties of fibers. Fibers were added at a content of 1.0
pound per ton of asphalt mixture at the laboratory and
at two contents of 1.0 and 2.0 pounds per ton at the
batch asphalt plant. A laboratory mixer with a mini-
mum working capacity of 10 kg was used to prepare
asphalt mixtures and to distribute the fibers uniformly
in the mixture. The fibers were also added to the mix-
ture in the asphalt plant, while still in the bag, before
the addition of asphalt binder [1].

Table 1. Fibers physical properties Materials[5]

Materials Polyolefin Aramid

Form Twisteq fibrillated& Monofilament
Monofilament

Specific gravity 0.91 1.44

Tensile strength (psi) 70000 400000

Length (mm) 19 19

Color Tan, Black Yellow

Acid/alkali resistance Inert Inert

Melt temperature (°C) 100 427

The 60/70 penetration grade asphalt cement from
Pasargad Oil Company was used in this study which is
widely used in Iran. The physical properties are provid-
ed in Table 2.
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Table 2. Asphalt cement 60/70 physical properties[5]

phalt Institute’s Manual Series No.2. Optimum asphalt

Property Test method  Result content, volumetric parameters and mechanical proper-
ties of asphalt mixture are shown in Table 5.
Penetration at 25°C, 100 g, 55, 0.1 mm ASTM D5 66 P
Softening point, °C ASTM D36 49 Table 5. Laboratory mixed asphalt mixture properties at optimum
Ductility at 25°C, 5 cm/min, cm ASTM D113 > 100 asphalt content[5]
Solubility in trichloroethylene, (wt)% ASTM D2042  99.5 Mixture property Value Mix design
criteria
Flash Point, °C ASTM D92 304 Optimum asphalt content 55 .
Kinematic viscosity at 135°C, centistokes ASTM D2170 446 Unit weight of compacted specimen (Gmb), 2205
kg/m3 -
Loss on heating, (wt)% ASTM D1754 0.01 g/
b - 25°C after thindfi Air voids (Va), % 4.1 3-5
enetration at after thin-film oven test, ASTM D5 50 — :
0.1 mm Voids filled with asphalt (VFA), % 79 65-75
Ductility at 25°C after thin film oven test, cm  ASTM D113 >50 Voids in mineral aggregates (VMA), % 14.6 >14
. . . Stability, kgf 1350 > 800
Four aggregate size fractions (two coarse, one fine)
Flow, 0.25mm 13.2 8-14

and mineral filler sampled from hot bins of asphalt plant
and utilized in this study, were crushed stone aggregates
from Tehran in Iran and provided by AljPars company.
The aggregate fractions were sieve analyzed following
ASTM D136 standard test method and blended in the
proportions that the resulting mixture met the grading
of the mix design. The mix designation D5 from ASTM
D3515 standard specifications for dense graded hot
mixed asphalt mixtures was selected as asphalt mixture
gradation. The mix gradation and specific gravity of ag-
gregates are presented in tables 3 and 4 [5].

Table 3. Mix gradation[5]

Plant mixed asphalt mixtures

The mix designation D5 of ASTM D3515 specifica-
tion with nominal maximum aggregate size of 1/2 in.
from Macadam Shargh Company was used. The 60/70 pen-
etration grade asphalt cement from Pasargad Oil Compa-
ny was used in the mixture as asphalt binder. The bulk
specific gravity of aggregates and theoretical maximum
specific gravity of the mixture were 2.508 and 2.375, re-
spectively. The design asphalt cement content was 4.6 %
for the control mixture and it was kept the same for the
fiber-reinforced asphalt mixtures. The same compaction
procedure was also used for preparing both control and

Sieve Specification limits __ Percent passing fiber modified specimens. The mix gradation (job mix for-
19 mm 100 100 mula) and the specification limits are presented in tables 6.
12.5 mm 90-100 95
Table 6. Plant mixed aggregate gradation[5]

4.75 mm (No.4) 44-74 63

Sieve Specification limits Percent passing
2.36 mm (No.8) 28-58 38

19 mm 100 100
0.3 mm (No.50) 5-21 12

12.5 mm 90-100 9%
0.075 mm (No.200) 2-10 6

4.75 mm (No.4) 44-74 64

Table 4. Specific gravity and absorption of aggregates|[5] 2.36 mm (No.8) 28-58 30
) 0.3 mm (No.50) 5-21 9
Aggregate size fraction s S— 0.075 mm (No.200) .10 5
aggregate remain on sieve No.8 2.435 2.628
aggregate pass sieve No.8 and remain 2412 5 688 Laboratory tests
sieve No.200 .
e No200 5 630 Wheel track rutting test
t ) . . i

ageregate pass sieve o The rutting test was performed on unmodified and
Total aggregate (mix) 2.437 fiber reinforced asphalt mixtures in accordance with

Asphalt mix design was performed through the
Marshall method as specified in ASTM D1559. The opti-
mum asphalt content was chosen in accordance with As-

AASHTO T324 standard test method employing the
Hamburg Wheel Tracking. In this test, a rubber Wheel,
50 mm wide, is rolled across a compacted hot mix as-
phalt slab and the load which is applied to the wheel is
705 = 5 N. The test path is 230 + 10 mm long and the

6
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average speed of wheel is approximately 0.305 m/s (50 +
5 wheel passes per minute). Laboratory mixed and plant
mixed asphalt mixtures compacted by the roller compac-
tor. The slab specimens for unmodified and fiber rein-
forced asphalt mixtures were fabricated with the height
of 50 mm using roller compactor. These specimens were
compacted to an air void content of 6+0.5% and tested
under dry condition at 50°C.

Dynamic creep test

The uniaxial repeated load (dynamic creep) test
was carried out on cylindrical specimens of unmodified
and fiber reinforced asphalt mixtures using UTM appa-
ratusin accordance with BS: DD226 draft test method.
UTM apparatus and the test loading frame. Specimens
4 inch in diameter were prepared for laboratory mixed
asphalt mixtures using Marshall compaction apparatus
according to ASTM D1559 standard method and 6 in. di-
ameter specimens were prepared for plant mixed asphalt
mixtures using modified Marshall apparatus according
to ASTM D5581 standard method. In this test, a repeated
dynamic load is applied for several thousand repetitions,
and the cumulative permanent deformation including
the beginning of the tertiary stage (FN) as a function of
the number of loading cycles over the test period is re-
corded. The dynamic creep test is a test that applies a
repeated pulsed uniaxial stress on an asphalt specimen
and measures the resulting deformations in the same
direction using linear variable differential transducers.
Three stages of creep behavior can be identified. In the
primary stage, the rate of deformation increases rapidly.
In the secondary stage, the deformation rate becomes
constant. In the last stage, the deformation increases rap-
idly and failure is reached. The tests were conducted at
50°C using a 100 kPa square pulse load of 1.0 s and a rest
time of 1.0 s before the application of the next pulse. [2].

Resilient modulus test

The five pulse indirect tensile resilient modulus test
of unmodified and fiber reinforced asphalt mixtures was
performed at 25°C and 0.1 Hz loading frequency on 4 in.
cylindrical specimens according to ASTM D4123 stan-
dard test method. In this test, a pulsed diametral loading
force is applied to the specimen and the resulting total
recoverable diametral strain is measured from axes 90
degrees from the applied force. Strain in the same axes
is not measured, thus an assumed value of poisson’s ra-
tio is used as a constant. The test sequence consists of
the application of 100 conditioning pulses followed by
5 pulses where data acquisition takes place. The condi-
tioning pulses ensure that the loading platens are seated
onto the specimen for consistent results. The test frame
and accessories. Both laboratory-mixed and plant-mixed
asphalt mixtures were tested for a load pulse period of
1000 ms, pulse width of 100 ms, Haversine waveform
and 0.35 poisson’s ratio[3].

Indirect tensile fatigue test

There are three main methods used to evaluate and
predict the fatigue characteristics of asphalt mixes. They
are initial strain-fatigue life, dissipated energy-fatigue
life and fracture mechanics. Indirect tension fatigue test
uses the fracture mechanics. The horizontal deformation
during the indirect tension fatigue test is recorded as a
function of load cycle. Fatigue life (Nf) of a specimen
is number of cycles to failure for asphalt concrete mix-
tures. Fatigue cracking is a pavement distress that typi-
cally occurs at intermediate temperatures and so 20 °C
is chosen as test temperature to characterize the fatigue
lives of asphalt concrete mixtures. In this test a compres-
sive load acts parallel to and along the vertical diametric
plane. This loading configuration develops a reasonably
uniform tensile stress in the specimen perpendicular to
the direction of the applied load and along the vertical
diametric plane. The procedure for indirect tensile fa-
tigue test is described in details in the European Stan-
dard EN12697-24. Two types of controlled loading can
be applied: control stress and control strain. In the con-
trol stress test, the stress remains constant but the strain
increases with the number of repetitions. In the control
stress test, the strain kept constant and the load or stress
is decreased with the number of repetitions. The use of
constant stress has the further advantage that failure oc-
curs more quickly and can be more easily defined. Con-
trolled stress indirect tensile fatigue test was done at 20°C
which used to determine number of cycles to fracture for
asphalt mixtures. Number of load cycles to the specimen
failure is defined as fatigue life (Nf) for asphalt mixtures.
The loading pattern used in the test is a haversine load
and the 4 in. cylindrical specimens were subjected to a
stress of 300 kPa. The loading time and the subsequent
rest period were 0.25 s and 1.25 s, respectively. The in-
direct tensile fatigue test frame and loading apparatus.

RESULTS AND DISCUSSION

Wheel track rutting test

The rutting test was performed at 50°C in accor-
dance with AASHTO T324 standard test method em-
ploying the Hamburg Wheel Tracking device. The rut
depth was recorded after each loading cycle and plotted
for laboratory mixed and plant mixed asphalt mixtures
as a function of the number of loading cycles in Figure 1
and Figure 2, respectively. The maximum rut depths of
these mixtures after 10000 loading cycles are presented
in table 7. The results show that the permanent deforma-
tion (rutting) resistance of fiber reinforced asphalt mix-
tures is superior to that of unmodified asphalt mixture,
so that the rut depth of 1 and 2 1b/t fiber reinforced plant
mixed asphalt mixtures are 4.5 and 14 times lower than
that of base control asphalt mixture. The rut depth of 1
Ib/t fiber reinforced laboratory mixed asphalt mixture is
also 1.3 times lower than that of base asphalt mixture.

7
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Fig. 1. Rut depth versus number of load cycles for laboratory mixed asphalt mixtures[5]

Control mixture — — 1 1b/t Fiber reinforced —2 b/t Fibe

40.0

r reinforced

36.0

32.0

28.0

24.0

20.0

16.0

Rut Depth (mm)

12.0

5.0

—
—
e
— —

—

4.0

— —
—— —

#

[

0.0

4000 5000 6000 7000 3000

Loading Cvcles

0 1000 2000 3000

9000 10000

Fig. 2. Rut depth versus number of load cycles for plant mixed asphalt mixtures[5]
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Comparing the results of laboratory mixed and plant
mixed asphalt mixtures reveals that addition of syn-
thetic fibers in batch asphalt plant is more effective than
laboratory mixing of fibers with asphalt mixture, and
plant mixing can uniformly and completely distribute
the fibers in the mixture that leads to three-dimension-
ally reinforcing asphalt mixture. The results of plant
mixed asphalt mixtures indicate that increasing the fi-
bers content from 11b/t by 1 pound per ton of asphalt
mixture decreases the rut depth of asphalt mixture by a
factor of 3 and effectively enhances the permanent de-
formation resistance of asphalt mixture. Furthermore,
the lower resistance of plant mixed asphalt mixtures
compared to laboratory mixtures can be related to the
mix gradation. Inspecting the mix gradations show that
the asphalt mixture produced in the asphalt plant has
less fines and poor gradation respect to the permanent
deformation resistance compared to laboratory mixed
asphalt mixture[2].

Table 7. Wheel track rutting test results[5]

Mixing procedure Mix type Rut depth (mm)
control 4.98
laboratory mixed
fiber reinforced 3.87
control 34.20
plant mixed 1 Ib/t fiber reinforced 7.64
2 Ib/t fiber reinforced 2.44

Dynamic creep test

The dynamic creep test was carried out on unmodi-
fied and fiber reinforced asphalt mixtures according to
BS: DD226 test method. The flow number and the cor-
responding cumulative permanent strain as a function
of the number of loading cycles over the test period was
recorded for laboratory mixed and plant mixed asphalt
mixtures. The average results for these mixtures are
presented in table 8. The results show that reinforcing
the asphalt mixtures by synthetic fibers improved per-
manent deformation resistance of asphalt mixtures, so
that the flow times (FN) of 1 and 2 Ib/t fiber reinforced
plant mixed asphalt mixtures are 2.3 and 40 times lower
than that of control mix. The flow number of 1 Ib/t fiber
reinforced laboratory mixed asphalt mixture is also 1.5
times lower than that of laboratory mixed control mix-
ture. Inspecting the results of creep test reveals that flow-
time has good correlation with rut depth in wheel track
rutting test and the results are rational in that the flow
time decreased as the rut depth increased. Poor perform-
ing mixtures had the lowest flow time (shortest time to
failure) and good performing mixtures had the largest
flow time (longest time to failure). Surveying dynamic
creep test results shows that the rutting parameter, FN, is
compatible with rutting performance of asphalt mixtures

in Hamburg Wheel Track Rutting Tester. Dynamic creep
test results also indicate that fiber reinforcing of asphalt
mixtures in asphalt plant is more effective than labora-
tory reinforcing of asphalt mixtures and plant mixing
can completely distribute the fibers in the mixture. It can
be seen from the results that increasing the fibers con-
tent from 11b/t by 1 pound per ton of asphalt mixture in-
creased the flow time by a factor of 18 and the deforma-
tion resistance of asphalt mixture increased incredibly.
Furthermore, the lower resistance of plant mixed asphalt
mixtures compared to laboratory mixtures is evident
and related to poor mix gradation of plant mixed asphalt
mixture[4].

Table 8. Dynamic creep test results[5]

Mixing . Flow Number Perr‘nanent'
Mix type strain at failure
procedure (cycles)
(%)
laboratory control 1067 1.74
mixed fiber reinforced 1633 1.90
control 250 1.13
plant mixed 1 Ib/t fiber reinforced 560 1.11
2 Ib/t fiber reinforced 10150 1.57

Resilient modulus test

The resilient modulus of unmodified and fiber rein-
forced asphalt mixtures at 25°C was determined accord-
ing to ASTM D4123 test method. The average results for
laboratory mixed and plant mixed asphalt mixtures are
presented in table 9. Modulus of resilience or stiffness
modulus is directly related to the load spreading ability
of a material and is the relationship between stress and
strain and shows how much a material will deform un-
der load. It can be observed from the results that fiber re-
inforcing of plant mixed asphalt mixtures increased the
resilient modulus by a factor of 1.3 and 2.3 for 11b/t and
2 1b/t fiber contents, respectively. The Mr of 1 Ib/t fiber
reinforced laboratory mixed asphalt mixture is also 1.3
times higher than that of control mix[3].

The resilient modulus values can be utilized to
analyze the response of the pavement structure due to
the application of traffic loads. The resilient modulus is
also the most important variable to mechanistic design
approaches for pavement structures and an important
parameter to predict the pavement performance and to
analysis the pavement response to traffic loading. The
stiffer pavements have greater resistance to permanent
deformation and it is important not to ignore that high
stiffness at low temperature tend to crack earlier than
more flexible mixtures.

The fiber reinforced asphalt mixtures consistently
exhibited higher resilient modulus values than control
mixtures and 1 1b/t increase in fiber content produced a
considerable increase in the elastic properties of the con-

9
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trol mixtures. These findings indicate that using synthet-
ic fibers produces asphalt mixtures with greater stiffness
and thus higher load bearing capacity and decreases as-
phalt pavement design thickness|[2].

Table 9. Resilient modulus test results[5]

Mixing procedure Mix type Mr (MPa)
control 1813
laboratory mixed
Fiber reinforced 2324
control 2646
plant mixed 1 Ib/t fiber reinforced 3330
2 Ib/t fiber reinforced 6136

Indirect tensile fatigue test

ior of fiber reinforced mixtures significantly improved
compared to control mixture. Based on indirect tensile
fatigue test results, fatigue life of 1 and 2 1b/t fiber rein-
forced plant asphalt mixtures are 2.0 and 34 times higher
than that of control mix. Besides, the increasing of fibers
content by 1 Ib/t of asphalt mixture leads to a consider-
able improvement of fatigue behavior. The fatigue test
results can be related to the three- dimensionally rein-
forcement of asphalt mixture by synthetic fibers. Test
results reveal that plant mixing of fibers into the asphalt
mixture completely distributes the fibers throughout the
mixture and develops strength and durability.

Table 10. Indirect tensile fatigue test results for plant mixed asphalt
mixtures([5]

Mix type Nf

Controlled stress indirect tensile fatigue test was control 2555
done at 20°C according to EN12697-24 standard test 1 Ib/t fiber reinforced 5125
method. Number of load cycles to the specimen failure : :

(Nf) was recorded for plant mixed asphalt mixtures. 2 1b/t fiber reinforced ?
The average results are presented in table 10. Because

7.0

6.0

5.0

£ 40

£

=

= 30

3

=

= 20

1.0
[l-[l T T T T T
0 500 1000 1500 2000 2500 3000
Loading Cvcles

Fig. 3. vertical deformation versus number of load cycles for control mixtures [5]

of the poor performance of laboratory mixed fiber re-
inforced asphalt mixtures compared to plant mix rein-
forced mixtures, fatigue test on laboratory mixed as-
phalt mixtures was cancelled. The relations between
vertical deformations versus number of load cycles to
failure are presented in figures 7 to 9 for plant mixed
asphalt mixtures. The results show that fatigue behav-

10
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Fig. 5. vertical deformation versus number of load cycles for 1 Ib/t fiber reinforced mixtures
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CONCLUSION

- Rutting resistance of fiber reinforced asphalt mixtures
is superior to that of unmodified asphalt mixture. The rut
depth of 1 and 2 Ib/t fiber reinforced plant mixed asphalt
mixtures were 4.5 and 14 times lower than that of base
control asphalt mixture [5].

- The rut depth of 1 lb/t fiber reinforced laboratory
mixed asphalt mixture was 1.3 times lower than that of
base asphalt mixture.

- Fibers reinforcing of asphalt mixtures improved creep
behavior of asphalt mixtures, so that the flow times (FN)
of 1 and 2 Ib/t fiber reinforced plant mixed asphalt mix-
tures were 2.3 and 40 times lower than that of control
mix.

- The flow number of 1 Ib/t fiber reinforced laboratory
mixed asphalt mixture was 1.5 times lower than that of
control mix.

- Increasing the fibers content from 1lb/t to 2 Ib/t de-
creased the rut depth in the wheel track test by a factor
of 3 and increased the flow time in the creep test by a
factor of 18 and the permanent deformation resistance of
asphalt mixture increased incredibly.

- Fiber reinforcing of asphalt mixtures increased the re-
silient modulus by a factor of 1.3 and 2.3 for 1 Ib/t and
2 1b/t fiber contents, respectively. The stiffer pavements
have greater resistance to permanent deformation. Using
synthetic fibers produces asphalt mixtures with greater
stiffness and thus decreases asphalt pavement design
thickness.

- Fatigue behavior of fiber reinforced mixtures signifi-
cantly improved compared to control mixture. Fatigue
life of 1 and 2 1b/t fiber reinforced asphalt mixtures in
the indirect tensile repeated load test were 2.0 and 34
times higher than that of control mix.

- Addition of fibers in asphalt plant is more effective than
laboratory mixing. Plant mixing of fibers into the asphalt
mixture completely distributes the fibers throughout the
mixture and develops strength and durability.

On the whole, fiber reinforcing asphalt mixtures by
a minimum dosage rate of 1 Ib/t of asphalt mixture con-
siderably enhances permanent deformation, elastic and
fatigue cracking behavior of asphalt mixtures. Further-
more, the best results are achieved by 2 b/t fiber-rein-
forced plant-mixed asphalt mixture in the laboratory [5].
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Abstract: The location of goods transport centers in the Republic of Srpska can be observed in several
ways, two of which are of decisive importance, namely, the position and strength of the flows that con-
verge in certain nodes and the mutual relationship between the located and projected capacities in the
observed nodes. The special importance of individual goods transport centers is the variety of logistics
services provided. Especially in places where multiple branches of traffic meet and engage multiple
entities in meeting transport demand. The factors used in selecting the basic criteria for choosing the
location of freight transport centers in the Republic of Srpska are the position they occupy on railway
and road routes, i.e. corridors. According to the basic definition, the role and task of goods transport
centers is the collection of cargo and other shipments by road vehicles, if necessary, storage, forma-
tion of transport handling units and shipment by rail and other modes of transport for a specific goods
transport center, where the goods are delivered to the recipient. Taking into account all the above,
seven basic criteria were selected for the subject analysis: social, legislative, ecological, organizational,
technical, technological and economic. During the research, a survey was used, on the basis of which
the mentioned criteria were evaluated. By applying multi-criteria analysis, the weight of individual crite-
ria and the value of alternatives according to criteria were determined. By applying the MOORA math-
ematical method, the city of Doboj was chosen as the optimal location for the construction of a goods
transport center.

Keywords: goods transport center, logistics, multi-criteria analysis, mathematical method MOORA.

INTRODUCTION

Contemporary trends in the development of the econo-
my and society, strategic and technological trends in de-
veloped countries of Europe and the world have led to
a new concept of optimizing the movement of material
goods, i.e. optimizing the transport process, developing
new technologies and providing transport services in a
modern logistical, rational and economical way. The de-
velopment of large economic centers within the frame-
work of large agglomerations in the world conditions
a high level of development of goods transport centers

(RTC), which represent the imperative of the modern
transport process.

The formation of a commodity transport center en-
ables a rational division of work on the transport market,
concentration of commodity work, selection of the most
favorable carrier of transport in macro distribution and
concentration of activities with unique servicing of ur-
ban wholes of industrial zones, then in macro distribu-
tion with a unique information system in all links of the
logistics chain.The place and role of the goods transport
center is not only to connect certain subjects (demand-
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ers, providers and connectors of transport services) into
a single transport chain, but the multiplication task is to
make it continuous, but ultimately continuous. In ad-
dition, goods transport centers, as links in the logistics
chain, represent a link in connecting all participants in
the transport process, thus creating a unique transport
system with the possibility of fitting into a single trans-
port market.

Bosnia and Herzegovina, as a European country,
cannot be included in world trends, nor in cooperation
and organization of traffic without the construction of
goods transport centers in larger agglomerations. Bear-
ing this in mind, and going to meet the modern solu-
tions applied in Europe, the basic idea was to develop
a methodology based on multi-criteria decision-making
aimed at solving the tasks of choosing the optimal loca-
tion of the goods transport center. Such tasks represent a
complex interdisciplinary process with a high degree of
expert activity.

Starting from the analysis of logistics flows and
processes in the region, attention is focused on the main
tasks that are solved when choosing the optimal location
of the goods transport center. It is based on the assump-
tion and knowledge that in the logistics chain of supply,
economic organizations, city infrastructure facilities and
citizens, goods transport centers have a very important
role. The success of the economy and city infrastructure
depends on their ability to dispose of goods and provide
quality logistics services. The assumption is that the ex-
istence of a goods transport center with an optimal lo-
cation, assortment and quantities of goods with a focus
on elements and transport and storage systems makes
a key contribution to the improvement of the economy
and business.

When solving such problems, the decision-making
process requires the use of a large number of rules, the
consideration of a large number of alternatives and crite-
ria, in addition to the fact that the attributes that describe
certain conditions can be of a qualitative or quantitative
nature. Namely, in the modern decision-making process,
the trend is to include a large number of expert teams
and interested parties who are existentially interested
and located in the studied area and who can feel direct
or indirect impacts through the process of solving the
problem itself. At the same time, we should not forget
the fact that every facility integrated into a logistics sys-
tem affects the efficiency, effectiveness and costs of its
operation.

CRITERIA USED FOR THE SELECTION OF THE
RTC LOCATION

The large number and heterogeneity of location factors
clearly indicate that location problems are of an inter-
disciplinary nature and often require the application of
complex procedures when choosing the best location for

rtc construction. There are numerous methodologies,
as well as models that are directed towards this kind
of problem. The criterion is a component that is present
in almost all procedures related to the selection of the
location or area of the rtc, that is, the terminal, regard-
less of the various models and methodologies used. As
already mentioned, the process of choosing the area or
location of the rtc, that is, the terminal, can be performed
in two phases, from the aspect of two levels of observa-
tion, which refers to the macrolocation and microloca-
tion procedure.

The mentioned macro and micro levels of observa-
tion require the definition of a set of certain criteria that
can partially or completely differ and match. Based on
the very structure of the problem and criteria, the se-
lection and application of the optimization methodol-
ogy and model is approached, as well as the evaluation
of the solution regarding the location of the RTC. The
procedure for selecting criteria for the realization of the
definition of the area of the RTC, i.e. the terminal, can
be different, starting from expert evaluation, to the hier-
archical generation of criteria aimed at interest groups,
certain participants - decision makers, along with their
interests and goals.

Therefore, we can generate and classify criteria in
relation to different points of view of the system and also
of the decision maker. The choice of criteria may contain
the subjective application of the individual decision-
maker. For the selection of the area, that is, the location of
the RTC, the criteria can be grouped in three ways (Kebi¢
etal., 2004):

* According to the level of observation, to the cri-
teria related to the determination of the macrolo-
cation and microlocation of the goods terminal,
that is, RTC;

e According to interest groups that are able to
make certain decisions and to create influence
on the concept of terminal development. This
first of all refers to users of terminals and ser-
vices, then owners and investors, operators, also
to society from the aspect of socio-management
institutions, population and others;

* According to the type of criteria and its corre-
sponding position in one of the areas from the
aspects of technology, economy, technique, or-
ganization, legal regulations, ecology and inter-
est of the state.

The area for the construction of a goods transport
center, that is, a goods terminal, must be coordinated ac-
cording to the specific needs of the users of the center
and the socio-economic system located in the narrower
area, as well as in the wider area. The expectations of
RTC users are reduced to the quality of logistics services
and affordable prices, i.e. the provision of lower service
prices. It would be desirable for the center - terminal to
be located in the area as close as possible to its users, and
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if it is of an open type to provide accessibility for all types
of goods, i.e. cargo, also to integrate as many types of
transport as possible and to provide the option of con-
necting within the international transport network net-
works and others (Zecevié, 2006).

The terminal as a system in the economic environ-
ment must be viewed as a profit center with all elements
that directly and indirectly affect the results of the Cost-
Benefit analysis. This means that the terminal must be
in a location with a strong economic and logistical en-
vironment that will attract goods, transport flows and
all other supporting activities that support these flows
(service systems, catering, shops, post offices, banks, in-
surance companies, customs services, etc.) .). The level of
infrastructure construction, the presence of subsystems
that enable synergistic effects, the possibility of expan-
sion, legal regulations and the possibility of efficiently
activating the location without ownership and other le-
gal restrictions are very important criteria that are taken
into account by investors, terminal owners. Quality con-
nections with other logistics centers and the possibility
of inclusion in national and international logistics net-
works are also important decision criteria. Of extreme
importance for the terminal is its position in relation to
the main transport axes, corridors or roads within urban
areas.

Society and the state want the terminal to promote
the development of all activities, to be in the function of
the development of the entire system, to protect and pre-
serve natural resources. It is desirable and necessary for
the terminal to fit into the environment, to be in accor-
dance with spatial and urban plans at the observed loca-
tion, to fit into development plans at all levels, from city
or regional to national or international planning levels.

The criteria listed and shown in Figure 1 do not
constitute a complete set of possible criteria that are ap-

plied in solving location problems. At the next level, the
mentioned criteria can be broken down into sub-criteria,
and depending on the system being observed, modeled.
Thus, for example, transport costs, as part of logistics
costs, can be broken down into costs of local collection
transport, local distribution transport in the gravity zone
of the terminal, costs of remote transport between ter-
minals in the logistics network, costs of transporting
containers, exchangeable transport vessels, etc. Degree
of breakdown criteria depends on the specific setting of
the location problem. In addition to the fact that not all
criteria have been mentioned, not all of those mentioned
have to be applied to specific location problems. When
choosing criteria, their power in terms of selective action
on alternative solutions for the location of goods termi-
nals is important.

The generation and classification of criteria ac-
cording to technological, economic, ecological, legal-
regulatory, organizational and technical character gives
the possibility of selection and observation of the short-
comings of locational alternatives from the aspect of sig-
nificant areas for the development of the terminal. This
approach gives the possibility of a general overview of
the advantages and disadvantages of potential locations.
The selection of criteria from all groups is a guarantee of
its successful construction, development and sustainabil-
ity. Each location methodology or model that is based on
one or two groups of the mentioned criteria represents
a partial procedure for choosing the location of a goods
transport center, that is, a goods terminal.

When comparing the choice of cities for RTC loca-
tions in the region or in the country, in addition to these
criteria, the state’s interest in financing RTC should also
be taken into account. The choice of the location of the
RTC largely depends on the decision and the state’s abil-
ity to finance the construction of the RTC.
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Figure 1. RTC location selection criteria according to area affiliation (Zecevic, 2006)
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In these examples, quantitative and qualitative data
are not detailed and allow us to observe differences and
adequacy in analyzing regions. It should be emphasized
that the comparative analysis of the RTC process must
be complete and include all levels and criteria, because
there are connections between the macro level and the
detailed level of RTC operations. Omitting one of the
comparative steps can give a false picture and lead to
incomplete or wrong conclusions.

OVERVIEW OF POSSIBLE ALTERNATIVES
FOR THE CONSTRUCTION OF RTC AND THE
APPLICATION OF MOORE’S MATHEMATICAL
METHOD FOR THEIR RANKING

The location of goods transport centers in the Republic
of Srpska can be observed in several ways, two of which
are of decisive importance, namely, the position and
strength of the flows that flow in certain nodes and the
mutual relationship between the located and projected
capacities in the observed nodes. The special importance
of individual goods transport centers is the variety of lo-

gistics services provided. And especially in places where
multiple branches of traffic meet and engage multiple
entities in meeting transport demand.

The Republic of Srpska is located on the Balkan
Peninsula (geographical region of Southeastern Europe).
The area of The Republic of Srpska is approximately
25,000 square kilometers, which is only slightly more
than the area of Vojvodina, while the length of its bor-
der is a whopping 2170 kilometers, which is only slightly
less than the much larger Serbia. The problem of The
Republic of Srpska is the traffic infrastructure, which is
not conducive to its development. No major road or rail-
way corridor passes through The Republic of Srpska. A
special category of problems when it comes to the traf-
fic situation of The Republic of Srpska is air traffic. The
main problem of air traffic is the fact that the only in-
ternational airport in the Republic of Srpska is located
near Banja Luka, which is at a great distance from, for
example, Herzegovina.

The position of The Republic of Srpska also has cer-
tain advantages, i.e. access to an international river such as
the Sava, proximity to the Adriatic Sea and the important
Dubrovnik international airport, proximity to the interna-
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district boundary: ———
highways: =——

regional roads:

local roacs:

highway number:

regional road number:
length of the main road section:
length of the regicnal road
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Lake: W

REPUBLIC
OF SRPSKA

Figure 2. Proposal for RTC locations in The Republic of Srpska (Authors)
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tional road corridor that connects the west with the south
and east of Europe (Belgrade-Zagreb highway), connec-
tion with corridor Vc which connects central and eastern
Europe with the southern Adriatic and the future Adriat-
ic-lonian road route, as well as the position of the eastern
part of The Republic of Srpska, which abuts the Drina, a
river with enormous potential in various spheres - from
energy to tourism. However, as it usually happens in our
case, these potentials are almost completely unused.

Presentation of potential alternatives for the construc-

tion of the RTC

The basic criteria used in the selection of areas for
RTC locations in The Republic of Srpska are the posi-
tion they occupy on railway and road routes, i.e. corri-
dors. Based on this criterion, the areas-cities were taken
into consideration: Gradiska, Novi Grad, Prijedor, Banja
Luka, Prnjavor, Doboj, Zvornik, Samac, East Sarajevo
and Foca. The location of these cities is shown in Figure
2. These cities correspond to the requirements where
RTCs could be built. The basic criteria used in the selec-
tion of areas for RTC locations in The Republic of Srpska
are the position they occupy on railway and road routes,
i.e. corridors. Based on this criterion, the areas-cities
were taken into consideration: Gradiska, Novi Grad, Pri-
jedor, Banja Luka, Prnjavor, Doboj, Zvornik, Samac, East
Sarajevo and Foca. The location of these cities is shown
in Figure 2. These cities correspond to the requirements
where RTCs could be built.

The process of solving the location problem using

multi-criteria analysis

In the process of solving the problem of multi-crite-
ria analysis, goals are defined, criteria are chosen to mea-
sure the achievement of goals, alternatives are specified,
the performance of alternatives according to different
criteria is transformed so that they have the same metric,
weighting coefficients are assigned to the criteria in order
to determine their relative importance, choices are made
is the appropriate method of multi-criteria analysis for

[ Degision rmaker 1

ranking the alternatives and finally the best alternative is
determined. In our case, the criteria for choosing the RTC
location were defined, namely: Organizational (K1), En-
vironmental (K2), Technical (K3), Economic (K4), Legal-
regulatory (K5), Technological (K6) and State interest in
financing of the RTC (K7), and the areas - locations, i.e.
the alternatives are defined as follows: Gradiska (A1),
Novi Grad (A2), Prijedor (A3), Banja Luka (A4), Prnjavor
(A5), Doboj (A6 ), Samac (A7), Zvornik (A8), East Sara-
jevo (A9) and Foca (A10).

The problem solving process is preceded by recog-
nition, i.e. identification of the decision-making problem
itself. The identification of the decision-making problem
refers to the collection and classification of data, then
data processing and finally the interpretation of the col-
lected and processed data, which is a prerequisite for
the correct identification of the problem. The first step in
the identification phase is the collection of relevant data
and information by the decision maker from a number of
sources. The main goal is to extract the most significant
and relevant data and information that are of crucial im-
portance for a given decision-making problem. The es-
sence of this phase is to collect and process data so as to
enable the formation of a decision-making model.

Application of the MOORA method

The entire procedure of preparation and collection
of input data required for the application of the MOORA
method to the ranking of the selection of areas for the
location of the RTC is shown in Figure 3.

We will present the mechanism and method of its
application to the selection of the RTC location. As the
MOORA method consists of two approaches: the ra-
tio system approach (eng. Ratio System Approach-RS)
and the reference point approach (eng. Reference Point
Approach-RP), the procedure for applying this method
to the obtained data consists of the following stages
(Gatari¢, 2017):

* initial, normalized and weight-normalized deci-

sion matrix (common steps for both approaches),
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Figure 3. The flow of preparation and collection of input data required for the application of the MOORA method (Gatari¢, 2017)
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* approach to the relationship system and
* reference point approach.

Initial, normalized and weight-normalized deci-

sion matrix

The input values, i.e. the initial data for almost all
methods, are the weights of the criteria and the values
of the alternatives in relation to each criterion, which are
the elements of the decision matrix. The initial decision-
making matrix is presented in the following table.

Step 1. In this step, the values of the alternatives are
transformed into dimensionless quantities, i.e. quantities

that do not depend on the system of units. The MOORA
method is based on vector normalization, which is the
most complex. Therefore, the normalized decision ma-
trix R = [ri].]10X7 contains normalized elements from the
previous table and is shown in the following table 2.

Step 2. Formation of the weight-normalized decision
matrix V = [vij]mﬂ. The elements of the weight-normalized
matrix Vj represent the product of the elements of the nor-
malized matrix with the corresponding criteria weights,
that is, the weight-normalized performance of the i-th al-
ternative in relation to the j-th criterion (table 3).

Table 1. Initial decision-making matrix of evaluation of alternatives in relation to the selected criteria

f:i‘:c::" K1 K2 K3 Ka K5 K6 K7
Areas

weights Wj 0.0822 0.1081 0.0858 0.1788 0.0473 0.1451 0.0953
Load direction max max max max max max max

Al 8.2622 6.7338 7.3276 8.0588 6.6714 8.7940 8.4081
A2 8.2882 7.9764 7.7558 8.1118 5.1132 7.6025 6.8033
A3 8.5548 7.4382 6.5172 8.2149 7.3187 7.4474 7.6336
A4 9.1641 9.1209 9.1209 8.5321 7.1451 8.5375 7.3782
A5 7.8329 7.7197 8.3182 8.2594 5.5590 8.5871 7.2351
A6 8.9657 8.2443 8.7940 8.5457 7.5901 8.7147 8.6936
A7 8.4024 7.5433 7.9611 8.0182 6.7526 7.1025 5.4934
A8 8.0891 7.1292 7.5151 8.3113 8.2164 6.3943 5.4541
A9 7.9891 7.5480 7.6002 7.7485 7.2282 8.2933 5.8575
A10 6.9951 6.8586 7.7431 6.7425 6.8737 8.1955 6.2015
Suma 684.6528 586.7866 623.6106 651.1411 476.3813 640.4464 490.3095
Sqrt 26.1659 24.2237 24.9722 25.5175 21.8262 25.3070 22.1429

Table 2. Normalized decision matrix

K1 K2 K3 K4 K5 K6 K7

Wj 0.0822 0.1081 0.0858 0.1788 0.0473 0.1451 0.0953
Load max max max max max max max

Al 0.3158 0.2780 0.2934 0.3158 0.3057 0.3475 0.3797
A2 0.3168 0.3293 0.3106 0.3179 0.2343 0.3004 0.3072
A3 0.3269 0.3071 0.2610 0.3219 0.3353 0.2943 0.3447
A4 0.3502 0.3765 0.3652 0.3344 0.3274 0.3374 0.3332
A5 0.2994 0.3187 0.3331 0.3237 0.2547 0.3393 0.3267
A6 0.3426 0.3403 0.3522 0.3349 0.3478 0.3444 0.3926
A7 0.3211 0.3114 0.3188 0.3142 0.3094 0.2807 0.2481
A8 0.3091 0.2943 0.3009 0.3257 0.3764 0.2527 0.2463
A9 0.3053 0.3116 0.3043 0.3037 0.3312 0.3277 0.2645
Al0 0.2673 0.2831 0.3101 0.2642 0.3149 0.3238 0.2801
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Table 3. Weight-normalized decision matrix

Column1 K1 K2 K3 K4 K5 K6 K7

wij 0.0822 0.1081 0.0858 0.1788 0.0473 0.1451 0.0953
Load max max max max max max max
Al 0.0260 0.0300 0.0252 0.0565 0.0145 0.0504 0.0362
A2 0.0260 0.0356 0.0267 0.0568 0.0111 0.0436 0.0293
A3 0.0269 0.0332 0.0224 0.0576 0.0159 0.0427 0.0329
A4 0.0288 0.0407 0.0313 0.0598 0.0155 0.0489 0.0318
A5 0.0246 0.0344 0.0286 0.0579 0.0120 0.0492 0.0312
A6 0.0282 0.0368 0.0302 0.0599 0.0164 0.0500 0.0374
A7 0.0264 0.0337 0.0274 0.0562 0.0146 0.0407 0.0237
A8 0.0254 0.0318 0.0258 0.0582 0.0178 0.0367 0.0235
A9 0.0251 0.0337 0.0261 0.0543 0.0157 0.0475 0.0252
A10 0.0220 0.0306 0.0266 0.0472 0.0149 0.0470 0.0267

Ratio System Approach

The weight/importance of each alternative is determined as the difference of the income sums Pi,i = 1,...10 and

expenditure elements Ri,i = 1,...10 weighted normalized decision matrices V = [vi f]10x7'

Step 3. The sums of income and expenditure elements for all alternatives are determined by applying the formulas:
=37 vl €)M, i=1,..,m 1)
Ri=Yl,vyljejm™, i=1,.m )

where: J™%* represents a set of income, and /™" represents a set of expenditure criteria.

In our case, there are no expenditure criteria, ie. all of them are profitable, because a better rating is more suitable
for each criterion - the aim is to maximize the rating (value) of the criteria, that is R; = 0, so we have that the
difference is the sum of income and expenditure elements:

Step 4. S; =P, — R; = X]-,Vij,j € J™%,i = 1,..10
Step 5. The ranking results of this MOORA method approach are as follows (tables 4 and 5):

Table 4. Ranking results using the ratio system approach of the MOORA method Table 5. Rankings from best
to worst alternatives using the

k3 ka kS Ke K7 MOORA relationship system
0.0858 0.1788 0.0473 0.1451 0.0953 approach

max max max max max P R P-R Rang Rang Alternative
0.0252 0.0565 0.0145 0.0504 0.0362 0.2387 0.000 0.2387 3 1 A6

0.0267 0.0568 0.0111 0.0436 0.0293 0.2291 0.000 0.2291 6 2 A4

0.0224 0.0576 0.0159 0.0427 0.0329 0.2314 0.000 0.2314 5 3 Al

0.0313 0.0598 0.0155 0.0489 0.0318 0.2568 0.000 0.2568 2 4 A5

0.0286 0.0579 0.0120 0.0492 0.0312 0.2379 0.000 0.2379 4 5 A3

0.0302 0.0599 0.0164 0.0500 0.0374 0.2589 0.000 0.2589 1 6 A2

0.0274 0.0562 0.0146 0.0407 0.0237 0.2226 0.000 0.2226 8 7 A9

0.0258 0.0582 0.0178 0.0367 0.0235 0.2192 0.000 0.2192 9 8 A7

0.0261 0.0543 0.0157 0.0475 0.0252 0.2276 0.000 0.2276 7 9 A8

0.0266 0.0472 0.0149 0.0470 0.0267 0.2150 0.000 0.2150 10 10 Al0
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Reference Point Approach - RP

The weight/importance of each alternative is determined as its maximum distance from the ideal solution, after

which the alternative with the smallest distance is selected. It is Min-Maxmetrics: Axp = {Ai min max di}.
Lo

Calculating the distance of the alternative, ie. in relation to the ideal point, in relation to each criterion (table 6).

Table 6. Calculation v, - j-th and reference point coordinates (ideal alternatives)

K1 K2 K3 K4 K5 K6 K7

Wj 0.0822 0.1081 0.0858 0.1788 0.0473 0.1451 0.0953
Load max max max max max max max

Al 0.0260 0.0300 0.0252 0.0565 0.0145 0.0504 0.0362
A2 0.0260 0.0356 0.0267 0.0568 0.0111 0.0436 0.0293
A3 0.0269 0.0332 0.0224 0.0576 0.0159 0.0427 0.0329
A4 0.0288 0.0407 0.0313 0.0598 0.0155 0.0489 0.0318
A5 0.0246 0.0344 0.0286 0.0579 0.0120 0.0492 0.0312
A6 0.0282 0.0368 0.0302 0.0599 0.0164 0.0500 0.0374
A7 0.0264 0.0337 0.0274 0.0562 0.0146 0.0407 0.0237
A8 0.0254 0.0318 0.0258 0.0582 0.0178 0.0367 0.0235
A9 0.0251 0.0337 0.0261 0.0543 0.0157 0.0475 0.0252
Al0 0.0220 0.0306 0.0266 0.0472 0.0149 0.0470 0.0267
Vj 0.0288 0.0407 0.0313 0.0599 0.0178 0.0504 0.0374

Based on the above table and the calculated value v;, we get the distance matrix D = [dif]10x7’ d;j the absolute

value of the distance of the i-th alternative in relation to the j-th coordinate of the reference point. Matrix D and its
elements are shown in Table 7.

Table 7. Distance matrix D

Distance matrix D

Al 0.0028 0.0107 0.0062 0.0034 0.0033 0.0000 0.0012
A2 0.0028 0.0051 0.0047 0.0030 0.0067 0.0068 0.0081
A3 0.0019 0.0075 0.0089 0.0023 0.0019 0.0077 0.0046
A4 0.0000 0.0000 0.0000 0.0001 0.0023 0.0015 0.0057
A5 0.0042 0.0063 0.0029 0.0020 0.0058 0.0012 0.0063
A6 0.0006 0.0039 0.0011 0.0000 0.0014 0.0005 0.0000
A7 0.0024 0.0070 0.0040 0.0037 0.0032 0.0097 0.0138
A8 0.0034 0.0089 0.0055 0.0016 0.0000 0.0138 0.0139
A9 0.0037 0.0070 0.0052 0.0056 0.0021 0.0029 0.0122
A10 0.0068 0.0101 0.0047 0.0126 0.0029 0.0034 0.0107

Step 6. Calculation of the maximum distance(d;) alternative A; from the ideal solution.

Step 7. Ranking alternatives by rule 4 * = {Ai

min di}. Both steps are shown in the following tables.
i
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Table 8. Calculation of the maximum distance

di=max dij Rang
Al 0.0107 6
A2 0.0096 4
A3 0.0104 5
A4 0.0126 2
A5 0.0107 3
A6 0.0127 1
A7 0.0138 9
A8 0.0139 10
A9 0.0122 7
A10 0.0107 8

Table 9. Final ranking of MOORA alternatives using the reference
point approach

Rang Alternative
1 A6
2 A4
3 A5
4 A2
5 A3
6 Al
7 A9
8 Al10
9 A7
10 A8

It is clearly visible from the table that alternative 6,
which represents Doboj as a potential location, is ranked
best. Second in order is alternative four, i.e. Banja Luka.

CONCLUSION

Realization of goods flows within international, national,
regional and urban areas cannot be imagined without
some type of logistics centers as such. Therefore, goods
transport centers constitute one of the most important
networks of links within logistics and logistics chains.
Requirements for quality logistics service such as: com-
pleteness, speed, accuracy, reliability, safety, flexibility,
economy and others can be successfully met only by
transport systems based on logistics principles, coop-
eration, coordination and technologies of combined and
intermodal transport. Partial transport systems and ser-
vice providers can never independently and successfully
implement strict market requirements.

The selection of the location of the RTC is an ex-
tremely complex problem that cannot be solved without

defining a large number of criteria that will take into
account all the requirements and interests of interested
parties and a large number of factors that reflect the char-
acteristics of the area, in order to assess the weight of
the criteria. In this sense, the choice of RTC location is
a multi-criteria decision-making problem, and its solu-
tion requires the application of multi-criteria analysis
methods. The approach allows for each criterion func-
tion to see the form of adopted generalized criteria and
the position of experimental points, and when it comes
to determining the relative importance of a set of attri-
butes or criteria, the concept of balance that characterizes
these methods is used. In this way, multi-criteria analy-
sis methods support decision makers, as they can incor-
porate multiple sustainability goals. The paper defines a
multi-criteria analysis method that provides a holistic ap-
proach to solving the problem of RTC location selection.
In the process of choosing the location of the RTC, the
determination of the set of criteria by which the selection
will be made is of the greatest importance. Out of a large
number of criteria, the criteria for choosing the location
of the RTC were defined. Several measurable and non-
measurable factors are included in the criteria for com-
paring alternative solutions. Given that the weights of
the criteria and the values of the alternatives are unclear
and imprecise, they were also applied to the expansion
phase of conventional methods of multi-criteria analysis.

The reason for choosing the MOORA method is not
its possible simplicity and easy application, but the fact
that it has mechanisms that ensure the reliability of the
calculated weights (significance) of the criteria. Since in
the process of determining the weight (importance) the
criteria for the evaluation of the RTC location were se-
lected in advance, a large number of decision-makers
were also included, who gave their assessment of the im-
portance of the criteria by completing the survey, thus
the process of group decision-making was introduced
into the overall problem solving process. . It introduces
significant difficulties in obtaining a unique solution, but
therefore subjectivity in assessments is avoided. Namely,
by completing the survey (based on the AHP question-
naire and assessment scale), opinions on the significance
of the criteria and evaluations of the alternatives were
accepted. The answers obtained are considered reliable
and objective, which made it possible to accurately deter-
mine the weights (importance) of the criteria. Solutions
were obtained by comparative analysis of the results
of the ranking of alternatives in relation to the selected
criteria, applying the MOORA method of multi-criteria
analysis. The best solution for choosing the RTC location
is the Doboj area.

The work opens up the possibility of further di-
rections of research in a narrower scientific field, which
can be the identification of new criteria. Their quantifi-
cation and evaluation and research of other methods of
quantification of criteria using different techniques that
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successfully treat various types of uncertainty and im-
precision. The work also leaves the possibility of micro-
location research in the area of the selected city.
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Abstract: The introduction of electric vehicles into city traffic enables a better use of economic re-
sources, significantly reduces environmental pollution and increases traffic safety, because such ve-

hicles encourage safer driving. In order to achieve the best results, it is necessary to ensure adequate
infrastructure and all conditions that enable the greatest efficiency of individual influences and their
complete synergy. The systematic and encouraged introduction of electric vehicles is the most impor-
tant measure for improving city traffic.

Keywords: electric vehicles, pollution, traffic safety, urban traffic, resources.

INTRODUCTION

Electric vehicles are becoming an increasingly impor-
tant segment of motorized traffic in urban areas, because
they solve traffic, environmental and functional prob-
lems. Electric transport in urban areas refers to public
transport, commercial transport, personal transport and
micromobility of citizens. Each of the segments affects
all essential features of urban traffic, and the most fa-
vorable effects are achieved through the synergy of all
types of traffic. In the Western Balkans region, public
transport in urban areas is not solved according to the
standards of larger urban areas of the European Union
with an electrified underground railway as the basis of
urban transport. It places special emphasis on all other
types of electrified traffic in order to improve the func-
tionality, ecology and safety of city traffic. In this paper,
the impacts of electric buses, electric delivery vehicles,
electric personal vehicles and electrified micromobility
of citizens are analysed in particular.

ELECTRIC VEHICLES IN URBAN TRAFFIC

The development of electric vehicles began at the end of
the 19th century, and in the first decade of the 20th cen-
tury, especially in urban areas, they were more prom-
ising than conventional ones. However, the accelerated
development of internal combustion engines and the in-
creasing production and availability of oil and oil deriva-
tives pushed electric vehicles into the background. The
problem was in the energy density of the fuel. Namely,
30 to 40 Wh of energy could be stored in a kilogram of
lead batteries, while a kilogram of gasoline stored 300
times more energy. This limited the range and function-

ality of such vehicles, because the real range of 10 to 50
kilometers, depending on the type of vehicle and driving
conditions, was inadequate for mass use.

Further development followed in the 1970s, when
nickel-cadmium (NiCd) with a capacity of 40 to 60 Wh/
kg and nickel-metal hydride (NiMH) - 75 to 100 Wh/kg
began to be used, but this was still not enough for the
development usable electric vehicles.

Further development followed in the 1970s, when
nickel-cadmium (NiCd) with a capacity of 40 to 60 Wh/
kg and nickel-metal hydride (NiMH) - 75 to 100 Wh/
kg began to be used, but this was still not enough for
the development usable electric vehicles. More intensive
development began in the 2000s, when lithium-ion bat-
teries with a capacity of 100 to 265 Wh/kg began to be
introduced.

Electric vehicles in urban traffic were used with ex-
ternal power supply from the electrical network, rail (un-
derground and overhead railways and trams) and road
(trolleybuses), but in most urban areas in countries with
less developed traffic, this type of traffic was neglected.
For this reason, in this paper we analyse the impact of
road electric vehicles with battery power on efficiency,
ecology and safety in urban traffic, whose impact on ur-
ban traffic began to be felt in 2010, and more intensively
since 2020, and their impact will grow in the coming
years, especially when In 2035, the European Union bans
the production and sale of passenger vehicles powered
by internal combustion engines and restricts them to
commercial vehicles.

Electrification of traffic refers to: personal electric
vehicles, commercial electric vehicles, micromobility.
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I Share of electric cars

Figure 1. New registration of electric vehicles in Europe (https://www.eea.europa.eu/ims/new-registrations-of-electric-vehicles)

The winner of the 2011 European Car competition
was the Nissan Leaf, which with a synchronous AC elec-
tric motor with a power of 80 kW and a lithium-ion bat-
tery with a capacity of 24 kWh had a range of 117 km,
according to the American EPA (Environment Protection
Agency) standard, or 175 km according to to the Euro-
pean standard NEDC (New European Driving Cycle).
The first global success of a car with an electric drive
was achieved by the Tesla Model S, which with two elec-
tric motors with a total system power of 340 kW and a
torque of 967 Nm and a lithium-ion battery of 85 kWh
achieved excellent performance, with a range according
to the NEDC standard of 480 km. After that, with the in-
troduction of smaller electric cars, Renault Zoe, Fiat 500e,
Opel Corsa-e, Peugeot e-208, the introduction of electric
vehicles to the European market began.

The share of electric vehicles on the European
market reached 1% in 2014, 2.4% in 2019, and then the
rapid growth began. During 2020, 1,061,000 electric ve-
hicles were sold on the EU market with a market share of

10.7%, and in 2021, 1,729,000 electric vehicles were sold,
with a market share of 17.8%, and in 2022, around 2 mil-
lion electric vehicles are expected to be sold., with a mar-
ket share of 20 percent.

“In 2021, the share of electric vehicles (BEVs and
PHEVs) in national new car registrations increased in all
countries (EU-27, Iceland, Norway) compared with 2020.
The highest shares were found in Norway (86 %), Iceland
(64%), Sweden (46%) and Denmark (35%).

Germany, France and Norway accounted for about
63% of BEV registrations (in the EU-27 and non-EU EEA
countries). In Norway, the country where the highest num-
ber of electric cars was registered in 2021, BEVs accounted
for 65% of new car sales that year. In some other European
countries, however, the percentage of BEV registrations
remained around 1% of the total fleet (Cyprus, Poland,
Czechia and Slovakia). PHEV percentage sales were high-
est in Iceland (36%), Sweden (25%) and Norway (22%).

The leading countries in electric mobility offered,
over the years, financial incentives such as tax reductions

Battery sleciric cary

Figure 2. Electric vehicles EU 2020 (https://www.eea.europa.eu/ims/new-registrations-of-electric-vehicles)
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and exemptions for electric vehicles, designed to stimu-
late an increased uptake of these vehicles. More coun-
tries are increasing the number of incentives for electric
mobility” (https://www.eea.europa.eu/ims/new-reg-
istrations-of-electric-vehicles).

INFLUENCE OF ELECTRIC CARS ON URBAN
TRAFFIC

Electric vehicles affect urban traffic according to three
criteria: ecological, safety and functional, and significant-
ly change the structure and characteristics of personal
and business mobility in cities. Therefore, it is necessary
to analyse each of the mentioned influences separately.

Environmental impact of electric cars on urban traffic

Replacing an internal combustion engine with an
electric motor directly affects the ecology in urban areas,
as the following harmful and toxic gaseous compounds
are produced:

Carbon monoxide (CO), Hydrocarbons (HC),
Volatile organic compounds (VOC), Nitrogen
oxides (NOx),

Particulates (P).

Electric vehicles almost completely remove harmful
gaseous emissions and thereby significantly contribute
to the ecological characteristics of urban areas, which af-
fect the health of citizens, visitors and tourists, and thus
positively affect the economic and tourist characteristics

Tier Date (type approval) Date (first registration)

- Diesel
Euro 119 July 1992 January 1993

. Euro 2 January 1996 January 1997
Euro 3 January 2000 January 2001
Euro 4 January 2005 . January 2000
Euro 5a September 2009 January 2011
Euro Sb September 2011 January 2013
Euro 6b September 2014 September 2015

| Euro B¢ = -Se-plember 2018
Euro 6d-Temp September 2017 September 2018

. Euro 6d January 2020 January 2021
Petrol
Eurg 1 July 1992 January 1983

| Euro 2 January 19596 January 1887
Euro 3 January 2000 January 2001

- Euro 4 January 2005 January. 2006

- Euro 5a Sepiember 2009 January 2011
Euro 5b September 2011 January 2013
Euro 6b September 2014 September 2015

| Euro Bc - September 2018
Euro 6d-Temp . September 2017 September 2019

- Euro 6d January 2020 January 2021

- Petrol and diesel

| Euro 7% (proposed) | 20251221 202577

01100379

of urban areas. Regardless of the fact that electric mobil-
ity, in the production of vehicles and in the production of
electrical emissions, create indirect and global pollution,
which is still less than the pollution created by fossil fu-
els, their ecological contribution to urban environments
is direct and decisive, which, in addition to the reduc-
tion of harmful gaseous emissions also applies to noise
reduction.

Safety impact of electric cars on urban traffic

Electric vehicles affect the safety of urban trafficin a
number of ways, both negative and positive, which need
to be considered and properly treated, so that their over-
all impact on the safety of urban traffic is synergistic and
positive.

Negative impacts of electric cars on urban traffic

safety

Electric vehicles have two negative impacts on safe-
ty in urban traffic:
they do not create noise, which, in addition to
the negative ones, has significant positive ef-
fects, primarily on the safety of pedestrians, cy-
clists and moped riders in urban traffic,
significantly better accelerations of electric ve-
hicles encourage drivers to violate regulations
and occasional fast driving, which reduces traf-
fic safety in urban areas, in the event of a col-
lision or technical failure, there is a risk of the

co THC | VOC | NO, = HC+NO, P | PNtkm] |

2.72(3.16) 0.97 (1.13) | 0.14 (0.18) | =

10 - - - 0.7 |0.08 -

0.66 - |- 0.50 0.56 0.05 |-
l0.50 025 030 0.025
[0.50 - = |owo oz 0.005 -

0.50 = b 0.180 | 0.230 00045 | 610"
|0.50 0.080 | 0.170 00045 |Gx107"
[0.50 - = |ooso 0170 |00045 | &x10"
0.50 0.080 0.170 0.0045 6= 10"
l0.60 - oo 0470 00045 | 610"
272(3.16) |- - - 0.87 (1.13) | -
|22 - = - 0.5 e =

23 020 - 0.15 - L =
110 00|~ |ooe |- = z
[10 010 0068|0060 o.008 |-
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Figure 3. EU emission standards for passenger cars (https://www.eea.europa.eu/ims/new-registrations-of-electric-vehicles)
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vehicle catching fire, which is more intense and
difficult to control than fires in vehicles powered
by internal combustion engines.

Positive impacts of electric cars on urban traffic

safety

Positive impacts are:

- encourage calmer driving (the profile of people
who buy them and the knowledge that any sud-
den acceleration shortens the range), they have a
larger mass, which reduces inertial forces in the
event of a collision, greater mass improves the
grip of the tires on the asphalt,

- lower centre of gravity that increases static and
dynamic stability,

- more intense engine braking significantly con-
tributes to safety, because every reduction in
pressure on the power pedal activates regen-
erative braking and reduces the car’s speed, the
combination of intensive electric braking and
the working brake system ensures better overall
braking capabilities of the car.

With the introduction of the artificial sound effect
of electric vehicles, sufficient to achieve driving safety
and the recommended limit of vehicle engine power for
young drivers, the negative effects are minimized, and
the large positive effects make a great contribution to the
safety of urban traffic. The positive effects on safety in
urban traffic are increased by electric micromobility, i.e.
by increasing the share of electric two-wheelers in urban
traffic.

Functional impacts of electric cars on urban traffic

The electric motor concept facilitates the produc-
tion of smaller, nimble vehicles, which are ideal for ur-
ban vehicle conditions. It also facilitates the construction
and performance of smaller delivery vehicles for urban
environments, which contributes to functionality and
environmental friendliness in urban traffic. The role of
electric micromobility is particularly important, because
it reduces the number of cars and delivery vehicles in
urban areas and thus achieves a large, indirect positive
effect on ecology and functionality in urban traffic.

In order to achieve all this, it is necessary to provide
the appropriate infrastructure. Primarily, ensure the con-
ditions so that citizens can charge these vehicles at their
place of residence and build a network of standard and
fast charging stations at the necessary locations in the
centre and outskirts of urban areas.

CONCLUSION

The introduction of electric vehicles into city traffic en-
ables a better use of economic resources, significantly
reduces environmental pollution and increases traffic
safety because such vehicles encourage safer driving. For
this reason, it is important to ensure a gradual increase in
the share of electric vehicles in urban transport through a
systematic approach, improvement of infrastructure and
incentive measures for the purchase of electric vehicles.
The systematic and encouraged introduction of electric
vehicles is the most important measure for improving
city traffic, in terms of ecology, economy and safety. This
will ensure better living and working conditions for citi-
zens in urban areas and improve the conditions for the
growth of the economy and tourism. This is why the pro-
motion of electric mobility is the most important mea-
sure in urban areas with multiple and synergistic effects
on all sectors of the economy.

LITERATURE

New registration of electric vehicles in Europe, European Environ-
ment Agency, https://www.eea.europa.eu/ims/new-registra-
tions-of-electric-vehicles

European emission standards (Wikipedia).
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Abstract: We live in an era of global urbanization, which largely represents the expansion of existing cit-
ies and the creation of new ones, but at the same time the reduction of rural settlements. The number

of people living in cities is increasing day by day. If the organization of the city is good, the work is done
well, it has a predisposition to become a smart city. In order for a city to become smart, it needs to keep
up with the times, follow trends, the development of technology, infrastructure, have intelligent trans-
port systems and the like. Interruption of vehicle movement for a period of time longer than 3 minutes
constitutes parking. A parking space is a limited part of the road intended for parking vehicles. It can be
part of a garage, parking lot or street. A parking lot is a space intended exclusively for parking vehicles.

Keywords: parking space, urban environment, parking features...

INTRODUCTION

Parking lots can be private or public. A public parking
lot is a part of the traffic area intended exclusively for
parking cars. The time period of parking in the public
parking lot can be limited or unlimited. It is characteristic
of public parking lots that they are classified by parking
zones. Private car parks are usually built by legal institu-
tions for the needs of their employee members or clients.

In order for a parking lot to be considered good,
certain criteria must be met:

- The parking lot is located in an accessible loca-
tion in the immediate vicinity of all or most of
the contents and attractions of the population;

- The parking lot has an aesthetically acceptable
external and internal appearance;

- In the parking lot, there is a possibility to quick-
ly and easily find a free parking space with the
help of a guidance system;

- The parking lot is provided with lighting dur-
ing the night, which ensures the confidence and
safety of the parking lot users;

- The parking lot is regularly maintained and
cleaned.

Cars used to represent luxury, while today they
represent a necessity for daily life activities. [4] The in-
crease in the degree of motorization of the population
not infrequently creates a problem in terms of stationary

traffic. There is an increasingly frequent need for a park-
ing place, more. In urban areas, the problem is the same
for everyone because there is a lack of parking spaces.
It often happens that due to the lack of parking spaces,
drivers resort to parking in residential areas. Parking in
residential areas is a new problem itself. [2]

The subject of this paper is the investigation of
parking characteristics in the parking lots in the streets
of Dr. Mladen Stojanovi¢, Vidovdanska (near the Cultur-
al Center) and the parking lot of the “Kozara” building,
which are located in the central area of Gradiska. The
location itself (Dr. Mladen Stojanovic¢ Street) is very at-
tractive and busy. Until recently, the planned parking lot
was unorganized with numerous obstacles, unmarked
parking spaces, and did not have an adequate method
of payment. The parking space in Vidovdanska street is
also very attractive due to the proximity of all important
municipal institutions, banks, services and the like. The
parking lot of the “Kozara” building is specific and is
more in the domain of parking for building tenants. [3]
[6] [7] This research was conducted in order to improve
the functioning of the parking system, after arranging
the plot.

Data that must be collected and presented by this
research:

- surface accessibility,

- available number of parking spaces,
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- parking mode;

- type and characteristics of parking,

- vehicle retention time,

- frequency of parking,

- purpose of parking,

- the most necessary item for users (walking time

to the destination, price of a parking space);

- remarks and suggestions of users of parking ser-

vices.

In order to improve parking services, a survey of
parking users was conducted on July 12, 2023 - Wednes-
day. The counting of vehicles at the given location was
carried out in the period from 07:00 a.m. to 1:00 p.m. At
the very beginning of the research, a record of the ve-
hicles found was made.

LOCATION AND CHARACTERISTICS OF
PARKING

Pictures 1, 2 and 3 show the appearance of the parking
lot located in Dr. Mladen Stojanovi¢ Street. The parking
lot located in Dr. Mladen Stojanovi¢ Street includes 36
paid parking spaces, 2 spaces for people with disabili-
ties and 5 reserved spaces. Due to the proximity of the
residential complex, there are several annual preferential
tenancy tickets in the collection. The number of monthly
tickets charged varies depending on the time of year.

Picture 1. View of the parking lot (spaces for persons with
disabilities)

Picture 2. View of the parking lot in Dr. Mladen Stojanovi¢ Street

Table 1. Characteristics of parking in Dr. Mladen Stojanovi¢ Street

Parking lot location Dr. Mladen Stojanovic Street

Type of parking lot Closed

Parking lot organization ~ 902

Number of parking Under qu pe.rson's‘ . Rese.rved
with disabilities parking
spaces payment 36
spaces 5

Illegally parked vehicles 5

Number of vehicles found 21

Picture 3. Illegally parked vehicles in Dr. Mladena Stojanovi¢ Street

Table 2. Characteristics of parking in Vidovdanska Street (near the
Cultural Center)

Parking lot location Vidovdanska Street (near the Cultural Center)

Type of parking lot Closed

Parking lot organization 902

Number of parking Under For persons with Rese.rved
A parking
spaces payment 35  disabilities 1
spaces 0

Illegally parked vehicles 15

Number of vehicles
found

Picture 4. View of the parking lot in Vidovdanska Street (near the
Cultural Center)

Picture 4 shows the parking lot in Vidovdanska
Street (near the House of Culture). This parking space
has 35 paid parking spaces, 1 space for people with dis-
abilities and no reserved spaces. Due to the proximity
of the residential complex, there are several annual pref-
erential tenancy tickets in the collection. The number of
monthly tickets charged varies depending on the time
of year.
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In the attached tables, you can see the basic charac-
teristics of the parking lot that are the subject of this re-
search. All three parking lots are in the central city area.
The type of parking lot is closed for all three. The number
of parking spaces is almost the same. However, the obvi-
ous difference is the number of vehicles that were found
in parking lots before 7:00 a.m. when the survey began.
The reason for this is the residential complexes located
nearby.

Table 3. Characteristics of the parking lot near the Kozara building

Parking lot location Parking lot of the Kozara building

Type of parking lot Closed

Parking lot organization 902

Number of parking Under For persons with Rese.rved
spaces payment 36  disabilities 2 parking
P spaces 0

Illegally parked vehicles 1

Number of vehicles

found 3

TIME OF VEHICLE DETENTION

The length of parking can be divided into:
- very short parking (15-30 minutes),
- short (from 30 - 120 minutes),
- medium length (from 2-6 hours),
- long (from 6 to 10 hours),
- very long (more than 10 hours);
- permanent (24 hours and more).

Short-term parking is predominantly present in ur-
ban areas and tourist areas, while long-term parking is
characteristic of the perimeter of a narrow or wider ring
of an area. [4]

Table 4. Duration of parking in fifteen-minute intervals at the parking
lot in Dr. Mladena Stojanovic Street

Retention time Vehicle number Numerical value expressed in %

up to 15 minutes 39 37.14%
15-30 21 20.00%
30-45 12 11.43%
45-60 10 9.52%
60-75 5 4.76%
75-90 5 4.76%
90-105 2 1.90%
105-120 2 1.90%
over 2 hours 9 8.57%

in total 105 100.00%

From the results attached, obtained by this research,
it can be seen that there is an evident difference in the
number of vehicles for the same time period. Based on
the collected data, which was created by surveying the
parking lot users, it was established that the parking lot
users on Dr. Mladen Stojanovié¢ Street most often use it to
go shopping (close to shops and greater convenience for
people with disabilities).

Table 5. Duration of parking in fifteen-minute intervals at the
Vidovdanska Street parking lot (near the Cultural Center)

Retention time Vehicle number Numerical value expressed in %

up to 15 minutes 29 48.33%
15-30 12 20.00%
30-45 7 11.66%
45-60 3 5.00%
60-75 2 3.33%
75-90 1 1.66%
90-105 1 1.66%
105-120 2 3.33%
over 2 hours 3 5.00%

in total 60 100.00%

Table 6. Duration of parking at fifteen-minute intervals in the parking
lot of the Kozara building

Retention time Vehicle number Numerical value expressed in %

up to 15 minutes 7 13.20%
15-30 5 9.43%
30-45 5 9.43%
45-60 4 7.54%
60-75 3 5.66%
75-90 5 9.43%
90-105 2 3.77%
105-120 3 5.66%
over 2 hours 19 35.84%
in total 53 100.00%

SURVEY RESULTS

Parking is the process of settling and idling the vehicle,
which is limited in time from departure to leaving, i.e.
the departure of the vehicle from that space, while the
user continues with the activities that were a conse-
quence of the transportation. [5] The method of planning
and dimensioning of areas intended for vehicle parking,
in addition to the space and surroundings, can also affect
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the safety of road traffic. [1] [9] Users of parking services
park in certain parts of the city for a specific purpose,
whether it is for work, school, recreation, shopping, re-
turning to the apartment, and the like. [1] [8] There are
many reasons.

Analyzing the collected data, it was determined
that the leading purpose is shopping with 56% and work
with 26 %. The processed collected data can be seen in the
following pictures, for the parking space in Dr. Mladen
Stojanovi¢ Street.

Analyzing the collected data, it was determined
that the leading purpose is business with 57% and shop-
ping with 22%. The processed collected data can be seen
in the following pictures, for the parking space in Vidov-
danska Street (near the Cultural Center).

Analyzing the collected data, it was determined
that the leading purpose is work with 62% and other
with 17%. The processed collected data can be seen in the
following pictures, for the parking area of the “Kozara”
parking building.

PURPOSE OF ARRIVAL

HAjOB SHOPPING & ARRIVALIN THE APARTMENT B OTHER

Picture 5. The percentage value of the purpose of coming to the
parking lot in Dr. Mladena Stojanovic Street

PURFPOSE OF ARRIVAL

=AJOB SHOPPING  © ARRIVALIN THE APARTMENT = OTHER

Picture 6. The percentage value of the purpose of coming to the
parking lot in Vidovdanska Street (near the Cultural Center)

PURPOSE OF ARRIVAL

BAJOB SHOPPING  » ARRIVAL IN THE APARTMENT ®mOTHER

Picture 7. The percentage value of the purpose of coming to the
parking area of the Kozara building

Although all three parking spaces are in the city
center, the collected and processed data revealed inter-
esting facts. The parking lot in Dr. Mladen Stojanovi¢
Street is mostly used for shopping purposes. Parking
space in Vidovdanska street is used for business and pri-
vate business needs, this is supported by the fact that city
and municipal institutions are nearby while the parking
area of the “Kozara” building, according to the data, is
mostly used for business purposes. Pictures 8, 9 and 10
show the percentage value of the number of people in
the car who parked. In Dr. Mladen Stojanovi¢ Street, 81%
of users came alone in a car, 15% two people, 4% three
people. In Vidovdanska Street, 72% came with one per-
son, 24% with two people, 3% with three people, and 1%
with four people. While for the parking lot of the “Ko-
zara” building, 92% are for one person in a car, 7% for
two people, and 1% for three people.

NUMBER OF PEOPLE IN THE VEHICLE

= OME PERSDN TWO PERSONS = THREE PERSOMNS FOUR PERSONS

A% 0%

- |

Picture 8. The number of people in the vehicle in the parking area in
Dr. Mladena Stojanovic Street
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NUMBER OF THE PEOPLE IN THE
VEHICLE

B ONEPERSON © TWO PERSONS = THREE PERSONS ~ FOUR PERSONS

. 1%

24%

Picture 9. Number of people in the vehicle in the parking lot in
Vidovdanska street

NUMBER OF THE PEOPLE IN THE
VEHICLE

HOME PERSON  © TWO PERSONS = THREE PERSONS ~ FOUR PERSONS
1% 0%

T

Picture 10. Number of people in the vehicle in the parking area of
the Kozara building

According to the collected and processed data, it
can be seen that for all three parking lots, the maximum
number of arrivals per person in a car was determined.
The arrival of one person in a car is a problem. Because
of such cases, the use of public city transport or cycling
is promoted.

Pictures 11, 12 and 13 show the distribution of users
according to the source of travel. The largest number of
users comes from suburban settlements, then from urban
settlements and from other municipalities. Certain devia-
tions are possible during holidays, vacations and the like.

SOURCE OF THE USER JOURNEY

W URBAN SETTLEMENT
= SECOND MUNICIPALITY (CITY)

SUBURBAN SETTLEMENT

Picture 11. The source of user travel in the parking area in Dr.
Mladena Stojanovi¢ Street

SOURCE OF THE JOURNEY

§ URBAN SETTLEMENT
# SECOND MUMICIPALITY (CTTY)

SUBURBAN SETTLEMENT

41%

Picture 12. The source of user travel at the parking area in
Vidovdanska Street

SOURCE OF THE USER JOURNEY

= URBAN SETTLEMENT
= SECOND MUNICIPALITY [CITY)

SUBLIRBAN SETTLEMENT

Picture 13. The source of user travel in the area of the Kozara
building

From the above pictures it can be seen that the ma-
jority of users came from suburban areas. Changes may
vary depending on population migration.

Transport service quality parameter

One of the questions mentioned in the survey was
related to what the users perceive as the most important
item in parking: that there are spaces, the price of the
service, the distance from the destination. Most of them
declared that the most important thing for them is to
have a place.

With the fact that they would still give up parking
if the price of the parking service per hour costs 2 KM.

In the survey, there was a question related to the
alternative way of getting to the desired place, where
the majority said they would come: by public transport
(52%), by bicycle (29%), on foot (19%).

Remarks and suggestions

Within the requested data, during the survey, us-
ers were given the opportunity to express suggestions
or objections to the existing way of service. The larg-
est number of respondents complained about the lack
of parking spaces. Also, the parking spaces for people
with disabilities, which are really too few, stand out. In
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Dr. Mladen Stojanovi¢ Street, they have two parking
spaces for people with disabilities. However, according
to the data obtained from the survey, it can be seen that
this parking lot is mostly at the service of citizens who
make purchases. Vidovdanska street has only one place
for people with disabilities. Very unfavorable consider-
ing the proximity of city and municipal institutions that
most citizens visit on a weekly basis.

CONCLUSION

On 12th July 2023, a survey was carried out of the park-
ing payment system in Dr. Mladen Stojanovi¢ Street,
Vidovdanska and the parking lot of the “Kozara” build-
ing in Gradiska. Time period of performance from 07:00
a.m-1:00 p.m. The requested data has been collected and
processed. Analysis of the given data determined the fol-
lowing;:

- The parking lots that are the subject of this re-
search are located in the central city core;

- Although all three parking spaces are located in
the central part of the city, there are interesting
differences;

- Non-prescribed parking spots were also deter-
mined by recording on the fly. Certain illegally
parked vehicles belong to tenants of a nearby
residential complex (they have privileged an-
nual tenant cards), while other vehicles were not
parked in places that were not marked as park-
ing spaces.

- Regarding the retention time itself, the results are
different. In Dr. Mladen Stojanovica Street and
Vidovdanska Street, vehicles mostly stopped for
shorter time intervals (15-30 minutes). While in
the parking area of the “Kozara” building, it is a
longer time interval, over 2 hours;

- The survey found that about 43% of parking lot
users come from suburban areas, 37% from ur-
ban areas, and 22% from other municipalities;

- The user’s suggestions and remarks are ex-
pressed in the form of complaints about the in-
sufficient number of parking spaces.
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Abstract: The transition of the energy sector is largely reflected in transport, which is an important a
link in the economy. The decarbonization process, which is an integral part of this entire transition of
the energy sector, began much earlier by finding new fuels in order to replace the already well-known
and well-established fossil fuels. In order to protect the environment, many scientific research institu-
tions and manufacturers of transport vehicles are looking for alternatives to fossil fuels. The develop-
ment and transition to means of transport whose power is carried out by electric motors, i.e. where the
driver of these means of transport is electricity, accumulated in batteries, is not the optimal solution,
which in return caused a rapid development of various technologies and models in the last decade
whose primary objectives encompass obtaining hydrogen and its use in all types of transport from road,
rail, naval to the air force.

Keywords: energy sector transition, decarbonization of the energy sector, hydrogen as a propellant,

application of hydrogen in the transport sector.

INTRODUCTION

The transition of the energy sector under the condition
of constant reduction of CO, emissions is a major chal-
lenge and is related to all participants in the energy sec-
tor, from production, transportation and consumption,
and applies to all economic entities and the population
as a whole. In order to adopt legislation and ensure
secure supply of energy and energy products under
market principles, and in order to attract significant in-
vestments in the energy sector (primarily in renewable
energy sources), the Energy Community was formed be-
tween the EU and the countries of Southeastern Europe,
of which Bosnia and Herzegovina and therefore the Re-
public of Srpska is a member.

As one of the basic postulates of this Treaty is the
obligation of the signatories of the Treaty, the implemen-
tation of EU legislation in domestic legislation, especially
focusing on the process of liberalization of the market
and the decarbonization of non-energy production.

On the basis of such commitments undertaken from
the Treaty, all countries signatory to the Treaty are also
obliged to undertake a series of activities in the segment
of rational use of energy, i.e. to pay full attention to en-
ergy efficiency as well as the use of incentive measures in
order to increase the production of energy from renew-
able energy sources.

When it comes to The Republic of Srpska and Bos-
nia and Herzegovina as a whole, quite ambitious short-

term goals have been set for increasing energy efficiency
and the use of renewable energy sources. The prepara-
tion and harmonization of strategic documents for the
area of decarbonization, which includes the areas of en-
ergy and climate strategy and whose time validity is un-
til 2030, is in progress.

Bearing in mind that Bosnia and Herzegovina is a
very complex community, where the energy sector ju-
risdiction falls under independent jurisdiction of the
entities and where very different levels and types of
regulation of the energy sector are present, the adoption
of these strategic documents at the level of BiH is slow
and often delayed, in return making fulfilling of its ob-
ligations under the provisions of the Treaty significantly
more difficult.

DECARBONIZATION

One of the key topics of the transition of the energy sec-
tor is the process of decarbonization, i.e. reduction and
elimination of harmful emissions of gases, especially
carbon dioxide (CO,) emissions. This process has been
ongoing for years, starting with the Kyoto Protocol, then
the Paris Agreement of 2015, which determined the in-
tention of the signatory countries to limit global warm-
ing to significantly below the 2°C above pre-industrial
levels and to continue efforts to limit it to 1.5 °C - partly
by achieving net carbon neutrality by 2050.
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Reducing global greenhouse gas emissions (includ-
ing CO,) will limit the rise in global temperature. In prac-
tice, achieving net-zero emissions requires a shift from
fossil fuels to alternative low-carbon energy sources.

With the European Green Deal, the European Union
has set additional targets for member states to guarantee
the decarbonisation of the EU. These targets are further
strengthened by the Fit for 55 package, which ensures
that the EU’s objectives are in line with climate goals.

The European Union has imposed sanctions on en-
ergy imports from the Russian Federation, oil and gas in
response to developments in Ukraine. The new situation
has resulted in a profound change in energy markets,
with major supply disruptions and energy insecurity
due to volatility of prices, which has caused a general
global economic crisis with high inflation rates.

Given the recognised large impact of fossil fuels on
Member States, the European Union is introducing a new
package of measures with its “REPowerEU” aimed at re-
ducing dependence on fossil fuels, thereby encouraging
additional decarbonization. In such a complex energy-
political situation, alternative solutions are being sought
through significant electrification of motor vehicles, us-
ing liquefied natural gas (LNG), compressed natural gas
(CNG), liquefied petroleum gas (LPG), and lately more
and more emphasis has been placed on green hydrogen,
as one of the possible fuels that will encourage faster de-
carbonization of various sectors. Using these initiatives,
ambitious reductions in greenhouse gas emissions are
expected by 2030.

In addition, in early November 2022, a meet-
ing of global leaders representing governments, the
private sector and civil society was organized at the
27th session of the COP (Conference of the Parties/
United Nations Conference on Climate Change - UN-
FCCC). Since the last meeting, awareness has been
growing about the important contribution to decar-
bonization that needs to come from the private sec-
tor, with discussions about increasing investment in
new technological solutions that could help accelerate
decarbonization. Although hydrogen is referred to as
a decarbonization technology, it is often not clearly ex-
plained what exactly it means and what the positive
applications of this technology are.

HYDROGEN AS AN ALTERNATIVE FUEL

It is a well-known fact that hydrogen is the most abun-
dant element in nature and it is a dilemma in itself why
we do not use the resource of which we posses the most.
When we look at the production and use of hydrogen re-
cently, it can be concluded that hydrogen is increasingly
used, especially in conjunction with renewable energy,
i.e. solar and wind energy. This approach enables the in-
creasing integration of interminent energy sources into
the daily energy supply and use in the network.

The use of hydrogen essentially represents the tran-
sition of the use of fossil fuels to hydrogen as the energy
source of the future, which constitutes the essence of the
transition and decarbonization process in the energy
sector. Last year, most EU countries adopted hydrogen
strategies defining the transition from fossil fuels to hy-
drogen.

Hydrogen is an essential element of the EU Green
Deal, an EU strategy aimed at reducing dependence on
fossil fuels that are mainly imported into EU countries.
Hydrogen is very important both for mitigating climate
change and for reducing environmental pollution.

It should be noted that hydrogen is not a source of
energy, but a carrier of energy. As a way to store elec-
tricity, hydrogen can be used to balance the production
of electricity from renewable sources of electricity and
facilitate the long-term use of electricity that could not be
integrated directly into the electricity grid especially in
the case of high-renewable generation. Not all hydrogen
is equally acceptable. It is important to distinguish the
methods of its production, and different colors are used
for marking, so there is: gray, blue and green hydrogen.
Gray hydrogen is produced from fossil fuels, and green
electricity from renewable sources. Blue hydrogen is one
that, like gray, is produced from fossil fuels, but with the
use of carbon extraction and storage procedures - Car-
bon Capture and Storage (CCS).

For the current transition, it has been planned to use
exclusively green hydrogen, although today the most
used is the gray hydrogen derived from natural gas.
Green hydrogen, which today is mostly produced using
electricity from renewable energy sources, i.e. from solar
and wind farms provides the solution to the problem of
“volatility” of these sources, i.e. the production of electric-
ity. The surpluses of production can then simply be used
to produce hydrogen by electrolysis, and this hydrogen
can be used for various purposes. The hydrogen pro-
duced can be transported to any place, where, by means
of fuel cells or other means, the accumulated energy can
converted into electricity and heat. The production of
green hydrogen by electrolysis of water is the process of
separating water into oxygen and hydrogen. The oxygen
that is obtained, can be and is used in a significant part in
various areas of life, industries and medicine.

The production of hydrogen by electrolysis of wa-
ter is a clean technology whose main problem is an ef-
ficient electrolyzer. The reaction takes place using elec-
tricity and requires high purity of water for hydrogen to
be produced. Therefore, before electrolysis is carried out,
water is treated so that minerals and ions are removed.

Hydrogen produced from renewable sources
(green hydrogen) as a substitute for fossil fuels and raw
materials in sectors that are not easily decarbonised can
contribute to reducing greenhouse gas emissions before
2030, economic development and achieving a climate-
neutral economy by 2050. Hydrogen from renewable
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sources is a unique opportunity for both research and in-
novation, and the creation of economic growth and jobs
throughout the value chain.

Bearing in mind the fact that the production of
green hydrogen requires resources that are already at
the disposal of the Republic of Srpska and BiH, such as
water and the commitment to the construction of solar
power plants and wind farms, means that significant
amounts of electricity from intermenent sources will be
disposed of. It is therefore necessary to simultaneously
encourage and develop the production, distribution and
use of green hydrogen in BiH.

APPLICATION AND USE OF HYDROGEN

According to significant analyses and predictions, hy-
drogen could and should find wide application in certain
industries in the coming period, especially in the process
industry as a substitute for fossil fuels. The use of hydro-
gen is particularly interested in segments of the economy
such as the petroleum industry, chemical industry, iron
and steel industry, and industrial heat, and based on the
characteristics and characteristics of hydrogen, especial-
ly green hydrogen, many utility companies are consider-
ing its application in the production of thermal energy
for heating residential buildings and public institutions.

In addition to its use in industry and economy, hy-
drogen will play a significant role in the decarbonisation
of transport and mobility, especially in the segments
of road transport as well as sea and aviation transport.
When it comes to road traffic, the fact is that freight
trucks are significant potential consumers of hydrogen
because when compared to electric vehicles, their range
is significantly higher. If we take into account the fact
that road transport vehicles produce six percent of total
emissions, this percentage will be significantly reduced
by substitution of petroleum products with hydrogen.

In the coming period by 2030, maritime transport
should record significant growth, and the use of hydro-
gen as a renewable energy source in this sector would be
very important, and mostly for cargo ships. In the power
system, hydrogen has a high chance of being used as
a medium for storing energy derived from renewable
sources.

The use of hydrogen in aviation is increasingly
causing interest of individual investors and research and
scientific institutions, but it is important to emphasize
the fact that the application of this technology requires
and requires significant investments.

Recently, an increasing number of the most impor-
tant companies from the aviation industry have been in-
vesting significant funds in research and the possibility
of using green hydrogen as a propellant, putting decar-
bonization in the foreground. Swiss startup Destinus is
developing a hypersonic passenger plane with hydrogen
engines.

—

Fig. 1. New model of hypersonic aircraft of the company “Destinus”

s it

The aircraft will have a capacity of about 25 pas-
sengers and is expected to be put into service by 2030.
By developing a hypersonic ultra-long-range aircraft
that would easily integrate into already existing air traf-
fic with a set goal, creating far less noise. A statement by
the company’s representatives said that the flight from
Sydney to Frankfurt, which takes about 20 hours, would
be shortened to only 4 hours, which indicates that the
speed of the aircraft should be up to Mach 5, which is
more than 2 times the speed that the supersonic passen-
ger plane “Concorde” could have developed.

The use of hydrogen for aircraft propulsion would
be environmentally more sustainable as well as from the
aspect of economy compared to today’s solutions and
the use of kerosene as a propellant, with significant tech-
nological improvements in energy use.

In addition to this development, other companies
are planning and developing new types and models of
aircraft that would use alternative fuels. By comparison,
Boeing plans to test a jet engine that would use hydrogen
as a propellant by the mid-2020s, and Boom Supersonic
has plans for supersonic flights in the U.S. Hermes is also
working with NASA and the U.S. Air Force to develop
new aircraft engines that would use hydrogen as fuel.
Venus Aerospace, a Houston startup, is also known to
be developing a hypersonic spacecraft that would speed
up to Mach 12.

Successful application of hydrogen in the aforemen-
tioned branches will depend on the production price of
green hydrogen, which will be conditioned by the price
of electricity obtained from renewable energy sources,
then the price of the electrolysis process itself, which
largely depends on the technological development and
improvement of electrolysis technology, as well as on the
prices of CO2 emission units. Significant investments in
the development and improvement of these tenologies
will contribute to the increased competitiveness of green
hydrogen, By 2050, green hydrogen can be expected to
account for 10% of total energy consumption.

DIRECTIONS OF FURTHER DEVELOPMENT

Based on the analysis done by Deloitte in 2022, more
than 150 projects related to hydrogen production and
its application in various fields have been announced in
Europe. Of these projects, more than 50% are related to
green hydrogen projects. Based on the commitment and
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significant reduction of the possibilities for the use of fos-
sil fuels in the EU, a significant increase in the number of
these projects can be expected in the future. In order for
green hydrogen to be widely used in all segments of eco-
nomic activities, it is necessary to ensure its accessibility
to potential users, and therefore it is necessary to provide
significant funds for investments in infrastructure that
will enable this. The European Union has planned to pro-
vide around 27 billion euros as part of the REPowerEU
project, which will be available to member states.

In addition to the significant impact on decarboni-
sation, the production and use of hydrogen can have
a major impact on the provision of new jobs in all seg-
ments from highly sophisticated jobs in the research and
advanced technologies sector to jobs in manufacturing
and transport as well as in various industries that need
to develop new products for the needs of this sector. Ac-
cording to estimates, the European Union predicts that
by 2030, for every billion euros invested, about 10,000
new jobs will be created related to green hydrogen. The
picture below clearly shows the orientation of EU coun-
tries when it comes to investing and investing in hydro-
gen as the energy source of the future.

2. it is necessary through the adoption of positive
legal regulations to facilitate and enable the financing of
projects and harmonize legislation, all with the aim of
shortening the administration of permits.

Define the technologies that will decarbonise in-
dividual sectors most appropriately and successfully,
while supporting the adoption of hydrogen as the fuel
of the future.

4. The decision of investors to harmonize and re-
construct the plants used in the industry today in accor-
dance with the new trend, i.e. the acceptance and adop-
tion of new hydrogen technologies, for the simple reason
that certain plants can still function intensively.

5. Cooperation, between all interested entities from
manufacturers, consumers, public institutions of govern-
ment, financial and technological organizations can con-
tribute to the development of the necessary projects of
high value.

Based on the above facts and set goals, through stra-
tegic documents, with the condition of fulfilling the set
goals, from these documents, it is realistic to expect that
hydrogen will have a significant impact on economic de-
velopment in all segments in the coming period, as well

Ukupan broj projekata povezanih s vodikom u Europi
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Fig. 2. Structure of development projects in the EU for hydrogen production

INSTEAD OF A CONCLUSION

The most important factors that will influence the greater
use of hydrogen can be expressed in five key assump-
tions and facts, namely:

1. hydrogen demand, which is related to three fac-
tors namely:

- the possibility of creating profits for business enti-
ties and consumers a high level of control by the com-
pany, and

- low price growth for the consumer.

as in the process of transition and decarbonization of the
energy sector and therefore in environmental protection.

LITERATURE:

EU Energy Roadmap 2050, Energy Startega up to 2050 European
Commission

Studija“A carbon pricing design for Energy community“ Final report 2021
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Abstract: Information technology is increasingly prevalent in all branches of traffic. In aviation, a signifi-
cant amount of data is processed by computerized systems and transmitted through communication

networks. Within this digital environment, characterized by technology and a vast number of digital
files, a security system is essential to ensure the proper functioning of the system. To achieve effective
and efficient information security management, it is crucial to thoroughly examine the factors influenc-
ing information security and plan the necessary measures for implementation.

Keywords: information system, safety, cyber, aviation.

INTRODUCTION

“Cyber in aviation” refers to the application of cyberse-
curity or cyber technology in the aviation sector. This in-
cludes the protection of aircraft, flight systems, networks,
and information from cyberattacks and threats. Aviation
cybersecurity is crucial to ensure the safe and reliable op-
eration of aircraft and aviation operations. Cyber space
is an environment in which the cognitive world (sensory
world) is created through intellectual action via informa-
tion and communication systems. [1]

The use of different types of information ensures the
functioning of segments and activities of many organiza-
tions. Business risk is permanently affected by informa-
tion security. All information systems and networks must
be provided for their operation [2]. When we talk about
information security, we mean - preserving the confiden-
tiality, integrity, and availability of information. Due to
the risk of information security, significant attention must
be paid to conducting business activities in the market [3].

These are just some of the basic steps that the avia-
tion sector takes to protect against cyberattacks, but
cybersecurity is a dynamic field that requires constant
updating and adaptation to confront increasingly so-
phisticated threats. The protection of information secu-
rity has been especially imposed by the development of
computer technologies by networking computers that
are becoming vulnerable in all branches of the economy
and life, so we must approach the effective protection of
the information we have.

Information properties:

* The information can only be accessed by confi-
dential persons, organizations, or processes, and
care must be taken to ensure that an unauthor-
ized person cannot access it, which is - Confi-
dentiality;

* Each piece of information must have complete-
ness and the property of preservation and accu-
racy that it represents - Integrity of information;

* The information must be available to users who
have the authority to access it - the availability
of information.

The above properties of information will increase
their security as well as business continuity and reduce
the risk to the lowest possible acceptable level. Care
must be taken in the processes of designing information
systems through various technical solutions for both
software and hardware. To achieve the required level
of security, it’s necessary to consider factors that affect
the security of information, as well as the analysis and
implementation of the necessary measures. [4]

Digital information technologies, as well as large
amounts of data that are processed through computer-
ized systems, must be protected. In other words, access
to sensitive data can only be had by authorized persons,
and unauthorized persons should be denied access, with
any such attempt being recorded and analyzed. To pro-
tect the system, effective and efficient protection of the
information we have at our disposal is essential, regard-

37



Boris Z. Ribaric, et al.
Aviation cyber security

TTTP (2023)8(1-2)37-42

less of the place and form in which it is stored and used.
It must be taken into account that the security of infor-
mation is also represented by the information carrier, the
protection of objects, its storage, use, and storage. Ap-
plying the appropriate policy of processes, procedures,
organizational culture, and software and hardware com-
ponents ensures information security. By implementing
a large number of processes of different types and levels
of complexity that are provided through the appropriate
number of resources, we call this information security
management [5].

As the use of information is an important segment
in the activities of organizations, it is given great impor-
tance through ISO standards, especially the ISO 27000
series - Information Security Management Systems
(ISMS). Information is an interpreted message, reduc-
ing uncertainty and increasing knowledge. When we
talk about data, we mean raw facts about the real world
that are represented by information carriers. When we
want to obtain quality information, we need to process
a certain type of data to make their selection to obtain
the essence. We use this information in our work, and
when we apply it several times, it grows into knowl-
edge. The development of information technologies,
computer technologies, and their networking in com-
puter networks requires attention to information secu-
rity. Through increased production, computer prices are
falling and becoming more affordable for everyone. The
trend is to use wireless technologies. Mobility is one of
the characteristics and intentions. Data is being distribut-
ed more and more, more and more people are mastering
computer technology, and access to standards is open to
anything that presents a chance for information security
to be compromised. For this reason, new standards like
ISO/IEC 27001 dealing with the business risk approach
are being introduced [4].

There are more and more attempts at cyber attacks
on digital computer network systems from an unknown
source. There are a number of attacks - cyber attacks that
an attacker can launch. They look for system vulnerabili-
ties where an attack can be effectively implemented. We
characterize all this as an illegal action that should be
disabled and prevented.

CYBER SECURITY IN AVIATION

Information technologies are increasingly represented.
Security issues we need to address: access to sensitive
data and unauthorized persons who should be denied
access. When talking about such security problems in
the digital world, the term cybersecurity is used. There
is a great attempt at cybercrime in various branches of
industry. Currently, according to EASA data, about 1000
attacks per month are directed at the aviation sector in
aviation. Certain technical failures (problems in the op-
eration of the radar system and automated systems in

aviation) are often presented in the media as possible cy-
ber attacks. No cyber attack has been confirmed, the air
community has begun to address a potential problem.

Cyber threats were mentioned in a 2011 update in
ICAO Annex 17, Security. ICAO mentioned cyber se-
curity as a high-level obstacle to the implementation of
the Global Air Navigation Plan. With the transition to
technologically advanced systems comes the need to ad-
dress technologically advanced threats. How the system
evolves from a connected point-to-point structure to a
networked network where node elements are connected
by digital connections using IP (Internet Protocol). An
Internet-like network structure requires security compa-
rable to critical Internet services. When the system is set
up, every step of implementation must be taken into ac-
count. And it doesn’t stop when the system is broadcast
online: it must remain a focal point throughout its life
cycle, every working day at every level. Taking this atti-
tude into account, the user is an essential component for
maintaining and improving security.

Powerful algorithms are the domain of engineers
as well as secure implementation, robust hardware and
software and solid networks, but choosing a good pass-
word and refusing to give any relevant data to someone
who may be an attacker using social engineering tech-
niques remains in the domain of end users. As a conse-
quence, end users must understand the basics of security
and appropriate protocols and behaviors to avoid weak-
ening the system, which means that training on the topic
must be provided.

Potential aviation-specific threats

So far, there has been talk of attacks on networks in
general. Attention should be drawn to potential attack-
ers. Who might be interested in removing any element
of the civil aviation system? There are at least four types
of hazards: Amateur hackers: this is the first group when
it comes to computer attacks. The challenge of finding
a way to break into a protected system may be the rea-
son for a computer-savvy individual with high skills
and motivation, but most are unwilling to cause harm
or face the legal consequences of breaking into a criti-
cal system. However, they cannot be ignored. Criminals:
One person behind a computer can attack thousands of
potential targets often thousands of miles away, in an-
other country with a different legal system. This explains
why scams, such as phishing or ransomware, are on the
rise. This group is potentially more dangerous than the
previous one because they have economic motivation.
On the other hand, criminals try to maximize the ben-
efits by attacking targets with minimal cost and effort to
take defensive measures, but no extraordinary resources
are needed as they will switch to less protected and most
profitable targets if they find appropriate resistance.

Terrorists: While ordinary cybercriminals tend to
have financial motivations and no reason to create un-
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necessary damage, the goal of terrorists is generally to
cause as much damage as possible. High visibility of
aviation events makes it an attractive target for such pur-
poses. Individual aircraft were previously targeted, but
computerized networks can allow an attack on multiple
aircraft at once or cause widespread disruption of the
ATM system. The will to maximize damage makes ter-
rorists a dangerous threat and creates the need to use the
most powerful forms of cyber defense for flight control,
as well as for any other highly automated security-criti-
cal system.

Cyber war: when hostilities occur, the enemy’s key
infrastructure becomes the target: electricity, commu-
nication, food supply and of course flight control. As a
result, target systems are automated and their malware
infection is sometimes attributed to foreign agencies. It is
accepted that malware is already ready to attack critical
infrastructure and that such attacks can be launched as
retaliation against other cyber attacks. It is almost impos-
sible to protect the system against such opponents be-
cause they have huge resources at their disposal, as well
as the necessary skills. [5]

What kind of attacks can aviation expect?

Ways of harming and disrupting the system are
limited only by the human imagination. Any of the com-
ponents of the CNS-ATM system would have its own
vulnerabilities. Currently, the voice communication
between the controller and the pilot seems to be com-
promised, and occasionally false messages are reported
from someone pretending to be pilots using a simple
radio transmitter. Cyberattacks on aircraft equipment
represent a serious threat to passenger safety and the op-
erational functionality of aircraft. Attackers may attempt
to target various aircraft systems and components. Here
are several potential scenarios and the impacts of cyber-
attacks on aircraft equipment:

—

Air Traffic /
I Control ey Ground Station

1. Aircraft Systems: Attacks on aircraft systems,
such as flight control, navigation, communication, and
electrical systems, can lead to a loss of control over the
aircraft or other critical flight issues;

2. Entertainment Systems: Cyberattacks on in-flight
entertainment systems (IFE - In-Flight Entertainment)
can enable attackers to access passenger devices or even
cause discomfort to passengers;

3. Communication Systems: Attacks on aircraft
communication systems can jeopardize the pilots” ability
to communicate with air traffic control or other aircraft,
leading to confusion and hazards in the air;

4. Navigation Systems: Manipulation of aircraft
navigation systems can result in changes to the flight
path or pilot disorientation;

5. Engines and Maintenance Systems: Cyberattacks
on aircraft engines or maintenance systems can impact
their reliability and safety.

A datalink controller-pilot (CPDLC) would require
a higher technical skill level for an attacker to succeed in
an attack. But because there is no “party line” effect, a
successful attack will be harder to detect. A fake control-
ler or a successful attack by a man in the environment
that changes the appropriate approval can have a serious
impact. Theoretically, it is possible to mention naviga-
tion systems, including conventional terrestrial systems,
as well as satellite ones. But as the attacker should be
close to the target, it seems that it will have a difficult ef-
fect on commercial aviation - unless the attacker is not on
a plane or the attack takes place near the airport. Simply
interfering with voice, data connection, or navigation,
including satellite signals, is also a threat. Newer ATM
concepts, some of which rely on (encrypted) networks,
may be even more vulnerable.

Traffic at a remote controlled airport - Remote Con-
trol - can be interrupted by inserting false data in the
communication between the sensors at the airport and

Figure 1. ADS-B system mode
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the cameras and the remote tower. It is much easier to
simply cut off communication via DDoS attacks that
would make controllers blind, deaf and mute. The worst-
case scenario is a DDoS attack on a single facility that
controls several remote towers that would disrupt traffic
at several single-action airports.

The use of - ADS-B

Automatic - the system works automatically, with-
out pilot command,

Dependent - position obtained from GNSS¥,

Surveillance - each station on the ground as well as
the aircraft in the air which are equipped with a suitable
receiver can perform surveillance.

The basis of the ADS idea is the fact that within the
aircraft itself, there are data (aircraft identification, posi-
tion, state vectors, short-term “intentions,” description of
maneuvers, aircraft type ...) that “only” should be deliv-
ered to interested users, whether they are on the ground
(e.g., ATC *) or in the air (collision avoidance). ADS-B
communication, not - encrypted - encrypted. To prevent
the spread of “ghost planes” into the system, the ADS-B
position was confirmed by calculating the Time Differ-
ence of Arrival (TDOA) signal to different ADS-B receiv-
ers. A concept such as SWIM (System Wide Information
Management) may be a target for hackers. Best described
as “ATM-only Internet” is a network in which all types
of data are available exclusively to authorized users: me-
teorological data, flight trajectories, surveillance data,
etc. This information is shared by all authorized users
connected to the system, including individual aircraft.
But the use of IP (Internet Protocol) means that the same
types of attacks used on the Internet can be used against
such a SWIM network, including DDoS, insertion of false

B Avionics

! Cybarsecurity controls

Ethernet router

1 Firewall

1 cybersecurity contrals

data, theft of sensitive data, or ransomware. Extending
the system to all types of users, from ATC to smaller
parts of the general aviation structure and from airlines
to meteorological services, means that there are many
vulnerable entry points that could be used to compro-
mise such a system [3]

FMS - Fligt Management System

It is a system of programmed optimal flight control
that consists of the integration of various aircraft subsys-
tems.

FMS enables the selection of automation levels for
all phases of flight and provides information on appro-
priate indicators:

1. The main components of FMS are: FMC (Flight
Management and Guidance Computer), calculates the
3D position of the aircraft, performance, and other pa-
rameters necessary for accurate and efficient flight ac-
cording to a previously defined path, which are obtained
based on manually entered or automatically entered
data;

2. MCDU (Multipurpose Control and Display
Unit), a multi-purpose control panel used for data entry
and representing the connection between the pilot and
the FMC;

3. FCU (Flight Control Unit), a device for control-
ling the horizontal and vertical flight profile of an air-
craft;

4. Flight Management Source Selector, a device
through which input sources are selected, used by FMC;

5. Display system, a system that displays data and
information to the pilot.
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Figure 2. Illustration of active protection against cyber attacks in commercial passenger aircraft
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Figure 4. Data exchange mechanism

DATA EXCHANGE

The mechanism of data exchange includes meteorological
data (weather data), aircraft positions, flight plans submit-
ted from the air and confirmed flight plans (air-filed flight
plan, validated flight plan), and the flow of information
within this system. Coordination is provided by exchang-
ing data on slots (a slot is a permit obtained by the airport
to use its resources at a specific time) and flight plans with
flight control (ATC unit) and its various services.
Communication between the aircraft and the com-
pany is provided by the system. For slots, speed, and
route, data is transmitted via datalink and gatelink. Da-
talink as a means of digital data exchange should play
a major role in practical application, as it can be used to
change a flight plan or enter via FMS with the assistance
of a pilot. In addition, it can be used as a means of dy-
namic flight monitoring, sending automatic downlink
messages about the position and altitude of the aircraft
and the remaining amount of fuel, in response to ques-
tionable uplink messages. Downlink messages are mes-
sages sent by an aircraft via the datalink to the ground
(airline operations center), while uplink messages are
messages sent from the ground to an aircraft [5].

CONCLUSION

Information, including process information support, in-
formation systems, and networks, is a critical business
asset for any organization and is indispensable to its op-
erations.

In a modern, highly complex, and interconnected
business environment, information is increasingly ex-
posed to a growing number of threats and vulnerabilities
from various sources, including human activities, natu-
ral disasters, accidents, and more.

To protect against cyberattacks on aircraft equip-
ment, aviation companies and aircraft manufacturers
must implement a range of measures, including:

1.  Strengthening Cybersecurity Systems: This in-
volves implementing the latest security mea-
sures and technologies to preserve the security
of aircraft systems.

2. Monitoring Network Activities: This includes
regularly monitoring network activities to de-
tect unusual or suspicious events.

3. Fundamental Information Protection: This
involves classifying and encrypting sensitive
data to prevent unauthorized access.

41



Boris Z. Ribaric, et al.
Aviation cyber security

TTTP (2023)8(1-2)37-42

4.  Staff Training: This is about educating pilots
and technical personnel on cybersecurity and
helping them recognize suspicious activities.

5. Regular System Updates: It is essential to keep
avionics software and systems up-to-date to
address vulnerabilities.

Cybersecurity in the aviation industry is paramount
for ensuring passenger safety and the proper functioning
of aircraft.

n many cases, information systems lack sufficient
security measures during the design process. While cer-
tain technical means (software and hardware) for system
protection are often applied, these measures are inade-
quate given the current conditions of system application.
To achieve the required level of information system se-
curity, effective and efficient management is necessary,
involving appropriate organizational and managerial
solutions, procedures, and practices.

Although the Air Force has relatively few cyberse-
curity incidents, the increasing use of modern technol-
ogy and network connectivity makes such events more
likely. The International Civil Aviation Organization
(ICAO) has recognized cybersecurity as a priority issue
and called on states to commit to addressing it through
a resolution. Various steps have been taken to enhance
cybersecurity by organizations, including national regu-
lators such as the FAA and EUROCONTROL. However,
the aviation industry still has a long way to go to catch
up with other industries in terms of adopting intercon-
nected systems [5].
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For peer review of Papers, submit the manuscript in a single electronic file organized in the following sequence:

*  Title page, including submission date, word count, and author names, affiliations, addresses, phone numbers, fax numbers,
and e-mails (please indicate corresponding author);

Abstract;

Body of paper, with figures and tables embedded in the text, as close as possible to the related text;

Acknowledgment (if any) and

References.

L] L] L] L]

Electronic File Formats

Manuscripts must be in an electronic format that meets the following specifications:

1. For Peer Review of Papers

The manuscript file should be Microsoft Word (2007 or later version) or a PDF.

2. For Publication

Do not submit a PDF file.

The manuscript file (with tables and figures placed at the end of the file, each on a separate page) should be in Microsoft Word
(2007 or later version).

Do not use the Microsoft Word “Styles and Formatting” or “Track Changes” features in the file.

Tables should be in MS Word (*.doc or *.docx), one table to a page using hard page breaks.

Figures (graphics of any kind) should be placed at the end of the Word document as images, one figure to a page using hard page
breaks.

Equations may be created and inserted as part of the text, or they may be submitted as embedded images within the text.

Manuscript Page Setup

Margins: 25.0 mm (1 in.) top, 30.0 mm (1.25 in.) left, 25.0 mm (1 in.) botton and 25.0 mm (1 in.) right. Paper format is A4.
Font (typeface): Times New Roman, no smaller than 10 points.

Numbering: Insert page numbers at upper right of each page; insert author’s name(s) at upper left of each page.

Text: Single space
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Paragraphs: Indent first line 1.27 mm (0.5 in.); do not use an extra line space between paragraphs; do not indent first line after a
subhead.
Subheads: All subheads should be flush with the left margin, with one line space above.

FIRST-LEVEL SUBHEAD
(all capitals, boldface, on separate line)

Second-Level Subhead

(initial capitals, boldface, on separate line)

Third-Level Subhead

(initial capitals, italic, on separate line) Fourth-Level Subhead (initial capitals, boldface, on same line as text, with extra letter
space between the subhead and text) Fifth-Level Subhead (initial capitals, italic, on same line as text, with extra letter space between the
subhead and text)

Bulleted and Numbered Lists

Indent first line 12.7 mm (0.5 in.); do not indent for text runovers.

Table Titles and Figure Captions

TABLE 5 Effects of All Factors
(Insert title above the table; “Table” is all capitals; title is initial capitals; all type is boldface; extra space but
no punctuation after number; no punctuation at end of title.)

FIGURE 3 Example of results.
(Insert caption below the figure; “Figure” is all capitals; caption is sentence case; all type is boldface; extra
space but no punctuation after number; period at end of caption.)

Body of paper
The Introduction should provide a clear statement of the problem, the relevant literature on the subject, and the proposed ap-
proach or solution. It should be understandable to colleagues from a broad range of disciplines.

The Materials and methods should be complete enough to allow possible replication of the research. However, only truly new
research methods should be described in detail; previously published methods should be cited, and important modifications of pub-
lished methods should be mentioned briefly. Capitalize trade names and include the manufacturer’s name and address. Subheadings
should be used. Methods in general use need not be described in detail.

The Results should be presented with clarity and precision. The results should be written in the past tense when describing au-
thor’s findings. Previously published findings should be written in the present tense. Results should be explained, but largely without
referring to the literature. Discussion, speculation and detailed interpretation of data should not be included in the Results but should
be put into the Discussion section.

The Discussion should interpret the findings in view of the results obtained in this and in past studies on the topic. State the con-
clusions in a few sentences at the end of the paper. The Results and Discussion sections can include subheadings, and when appropriate,
both sections can be combined.

References

The reference list should contain only references that are cited in the text, numbered in the order in which they are first cited.
Bibliographic lists will not be published.

Denote a reference at the appropriate place in the text with an italicized Arabic numeral in parentheses, e.g., [2].

Do not include in the reference list any unpublished material, personal communications, telephone conversations, or similar ma-
terial that would not be available to readers electronically or in printed form in a library or from the originating agency. Instead, cite the
unpublished work in the text and enclose the author’s name along with the term “unpublished data” in parentheses.

The following examples illustrate the basic TTTP style for references.

EXAMPLES OF ACM PUBLICATION REFERENCES

Journal article [1]

[1] ZahaviY.and Ryan, M. James. Stability of Travel Components Over Time. Transportation Research Record, 750 (1980), 70-75.

Book [2]

[2]  Shinar, D. Psychology on the Road: The Human Factor in Traffic Safety. John Wiley & Sons, Inc., New York, 1978.

Article in a Periodical [3]

[3] Jolliffe, ] K. and Hutchinson, T.P. A Behavioural Explanation of the Association Between Bus and Passenger Arrivals at a
Bus Stop. Transportation Science, 9, 3 (August 1, 1975), 248-282.

Government Report [4]

[4] Dempsey, ]. Barry. Climatic Effects of Airport Pavement Systems: State of the Art. Report DOT2DRD-75-196. FHWA, U.S. De-
partment of Transportation, 1976.
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Web Page [5]

[5] Stevens, R.C. Testimony Before United States Senate Special Committee on the Year 2000 Technology Problem. Sept. 10,
1998. http:/ /www.senate.gov/~y2k/statements/091098stevens.html. Accessed Oct. 5, 1998.

CD-ROM [6]

[6] Martinelli, D.R. A Systematic Review of Busways. Journal of Transportation Engineering (CD-ROM), Vol. 122, No. 3, May-
June 1996.

Metrication

Measurements in papers must be provided either in SI system units (preferred style). The TTTP Editorial Services Office follows
Standard Practice for Use of the International System of Units (SI), published by ASTM as E380-91.

Pay particular attention to determining whether weight is to be expressed in mass (kilograms) or in force (newtons), and express
poundforce per square meter (N/m?) of pressure or stress in pascals Pa).

Use prefixes instead of powers for SI units. -In figures and tables, provide only the units in which the original research was con-
ducted.

Mathematical dependences, their notations in the text and other symbols should be written using Equation Editor 3 Italic in 10
pt type, indexes -in 7 pt and sub indexes -in 6 pt type. Matrices are written in square brackets and vectors in Bold-Regular 10 pt type.
All numerals, including index numbers, are presented in Regular type. Formulas are centred, aligned right and numbered using Arabic
numerals in round brackets. An interval of one line between a formula and text should be left.

Footnotes

Do not use footnotes to the text. Incorporate the information into the text or delete the notes.

Abbreviations, Acronyms, and Symbols

Abbreviations, acronyms, and symbols must be fully defined the first time they are used in the paper; the definition should be
given first, followed by the abbreviated term in parentheses.

Acknowledgments
Authors of papers that report results of research sponsored directly or indirectly by Goverment programs should indicate this
sponsorship in an Acknowledgment section at the end of the text, before the References.

Appendices

Do not use appendices. Include pertinent material in the paper itself or, where necessary, include a note that background material,
such as derivation of formulas, specifications, or survey forms, is available from the author or in another report, which should be cited
in the reference list.

Tables and Figures
For peer review of papers, tables and figures should be embedded in the text, as close as possible to the related text. Color is
permissible.

If the paper is accepted for publication in the Journal for Traffic and Transport Research and Application,
all tables and figures should be inserted at the end of the manuscript after the list of tables and figures. Use a separate page for
each table or figure. Each table and figure must be cited by number in the text.

Authors should bear in mind that the original tables they submit will be reset and that the figures may be reduced for publica-
tion. Therefore, authors should ensure that the type in any table or figure submitted with their paper is at least 10-point font (typeface).
Keep type sizes and fonts uniform and consistent.

Tables should be kept to a minimum and be designed to be as simple as possible. Tables are to be typed double-spaced through-
out, including headings and footnotes. Each table should be numbered consecutively in Arabic numerals and supplied with a heading
and a legend. Tables should be self-explanatory without reference to the text. The details of the research methods should preferably be
described in the legend instead of in the text. The same data should not be presented in both table and graph form or repeated in the text.

Figure legends should be typed in numerical order. Graphics should be prepared using applications capable of generating high
resolution GIF, TIFF, JPEG or PowerPoint before pasting in the Microsoft Word manuscript file. Tables should be prepared in Microsoft
Word. Use Arabic numerals to designate figures and upper case letters for their parts (Fig. 1). Begin each legend with a title and include
sufficient description so that the figure is understandable without reading the text of the manuscript. Information given in legends
should not be repeated in the text.

SUBMITTAL Authors should submit their manuscript to the TTTP in electronic format to the TTTP paper submittal site pro-
vided in the invitation letter. If the paper has multiple authors, the name and address of the corresponding author must be clearly
identified on the title page.
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