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Abstract: This article evaluates changes in the organization of transport on urban roads through
the transport model in the OmniTRANS program. The selected location for the case study in this
article is the internal traffic circuit of Kosice, which borders the historic core of the city. Currently,
the proposal is being prepared to change the organization of transport in the town’s monument
reserve and its protection zone. The transition to a one-way road around the historic center is being
considered. Before introducing the new proposed change in traffic, it is necessary to test this proposed
change and determine how it will affect the traffic situation. The aim of this article is to compare the
current transport organization with the proposed change in transport organization in terms of traffic
intensity. The use of transport models in the world is not a new concept, but it is often not used in
the conditions of the Slovak Republic. However, traffic and simulation models can save money and
time and avoid possible unexpected problems before putting the proposed changes into practice.
Solving the given problem is an excellent benefit for transport planning and traffic engineering for
Kosice and other places with a similar arrangement of the historical center and a similar number of
inhabitants. The proposed changes can be tested by modelling traffic and then to adjust them when
the cons are identified. Thanks to the traffic simulation model, it is possible to compare the capacity
load of the inner traffic circuit of the city before and after the introduction of the one-way circuit.

Keywords: urban traffic model; simulation; one-way road conversion

1. Introduction

The development of cities, the increase in the number of inhabitants and their trans-
port and the increasing attractiveness of activities in the town lead to higher demands on
transport itself [1]. Especially during peak times, traffic congestion is created due to the
lack of capacity on urban roads. Because urban areas are denser and more congested, they
could be expected to experience more significant induced demand effects than suburban,
exurban, or rural settings [2]. With the improvement in transportation and communi-
cation under globalization, the urban population continues increasing, while the rural
population has been dwindling [3,4]. This fact is also confirmed by the projection of the
development of the population in the book “Cities of the world: regional patterns and
urban developments” [5,6]. Authors point out that the rural population will decrease in
the next few decades and on the opposite side, by the 2050s, almost 62% of the global
population will live in cities.
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Any change in the traffic organization must be carefully considered as it can also have
a negative impact on traffic. The aim of this study is to compare traffic intensities and road
capacities before and after conversion to one-way traffic around the city center.

In the current trends in transport, it is not enough to increase the capacity of local
roads just by expanding lanes. The extension of lanes is practically impossible and not
desirable in cities with surrounding buildings. There is an opinion that widening roads at
the level of the town will not solve congestion but will make the situation worse [7].

Organizing transport in cities is not an easy task at all. It is practically impossible
to find a universal solution for optimal transport organization because each city has its
unique dimensions and features [8].

Is a two-way road or a one-way system better? Many studies focusing on urban
roads are struggling with these questions, but so far, there is no consensus on the optimal
organization of transport aimed at improving urban mobility. Some publications deal with
the change from a bidirectional to unidirectional circuit [9-12], while others address the
change from reverse to one-way to two-way [13-18]. Especially in the U.S.A., there has
been a noticeable trend in recent years when there is a conversion from one-way traffic to
two-way traffic [19]. Recently, urban decision makers and transportation planners resort
to a one-way traffic system as an effective traffic management strategy, which profoundly
affects traffic congestion and improves traffic flow, leading to urban sustainability [11].
One-way streets undoubtedly have an advantage in static traffic, i.e., when parking, due
to the unification of the street, it is possible to increase the number of parking spaces. In
contrast, the negative impact of unidirectional on collisions, crime and the community are
addressed in the study [12]. One-way streets can simplify crossings for pedestrians, who
must look for traffic in only one direction. While studies have shown that the conversion
of two-way streets to one-way generally reduces pedestrian crashes, one-way streets tend
to have higher speeds, which creates new problems [20]. As a system, one-way streets
can increase the travel distances of motorists and create some confusion, especially for
non-local residents.

Other publications deal with the comparison of one-way vs. two-way communications
from different perspectives. Examples are studies by Ortigosa and Yasuda et al. [21-25].
Ortigosa, who focuses on various arrangements of road infrastructure in the urban envi-
ronment, states that “The design of urban street networks is a subject of much controversy because
there is no consensus on the best way to organize streets to maximize mobility”. Quite often,
publications deal with the ecological aspect of unidirectional vs. bidirectional; examples
are included in the publications [26-28].

The transport model can be understood as an idealized imitation of a part of the real
world [29-33]. The role of transport models is to model and subsequently predict transport
behavior as a function of various inputs; finally, the models also appraise alternative
scenarios to help policymakers choose the best solution from selecting alternatives [34,35].
There can be detected changes, e.g., situations that occur, such as changing the organization
of transport or introducing traffic restrictions by using the transport model. Combining
the principles of model construction and mathematical sets shows how some parts of a
particular system react to changes in other parts of this system. The transport model is thus
an attempt to imitate the actual transport process based on known laws. Traffic models
are processed only for one specific territory. The term processing means creating a model
structure, while the actual processing consists of calibration and validation. Usually, this is
performed by a simulation of the developed model. Therefore, this model is sometimes
called the traffic simulation model.

Transport models have a wide range of applications. Traffic models are used to
optimize the design of proposed projects and produce critical input data for environmental
impact assessments and cost-benefit analyses, such as expected time savings, safety effects,
and changes in pollution and noise levels [36].

There are several software products on the market for traffic modelling. For microsim-
ulation models, the most used program appears to be VISSIM, which is used in many
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studies [37-48] and the AIMSUN program [27,49-54]. Other studies, in turn, focus on com-
paring different software products. For example, in publication [55], the authors compare
Aimsun and OmniTRANS software when assessing junction capacity. More comparative
studies [50,56-60] and research mostly do not point to significant differences between
simulation tools. Although the results obtained by the simulation are slightly different
from the measured values, the simulation models have an irreplaceable position in traffic
planning and forecasting.

This article uses the OmniTRANS modelling tool. The OmniTRANS program enables
the modelling of rail, road and urban public transport.

Perhaps the most critical point in traffic modelling is the data entering the traffic
model. OmniTRANS works with the so-called OD matrix (Origin-Destination Matrix),
representing the mutual transport relations between the individual areas in the created
model. According to mathematical procedures and models, data in the OD matrix are
traditionally obtained by extensive and precise traffic research in the solved area or by
estimating the OD matrix. It is the latter option that is often used in practice, as traffic
research is costly and time consuming. Until they are evaluated, the data are already so
often outdated; thus, in the end, it is still necessary to estimate the matrix.

According to Bera and Rao, “The estimation of the up-to-date origin—destination
matrix (ODM) from an obsolete trip data, using currently available information is essential
in transportation planning, traffic management and operations.” [61]. Many authors have
been dealing with OD matrix estimation since 1970, and this trend continues to the present
day when models for matrix estimation are constantly supplemented and improved, as is
evident from the publications [15,61-63]. According to Smits [62], OmniTRANS can use
the following four types of data to estimate a matrix: traffic counts, screenlines, blocks
and trip ends. A traffic count is located on a network link and contains information on
the number of vehicles that pass that position. A screenline contains information on the
total number of vehicles that pass several count locations. A block contains information
on the total demand for a set of O-D pairs. A trip end is a particular case of a block; it
contains information on a specific zone’s total production or attraction. The accuracy of
this estimated matrix depends on the estimation model used, the input data errors, and on
the set of links with collected traffic counts [61].

2. Research Design and Methods

The transport system in the center of Kosice faces an increasing number of means of
transport and emerging congestion, so Kosice has come up with a suggestion to streamline
traffic on the town’s inner ring road, which serves the central city zone (CMZ). The town of
Kosice is located in the eastern part of the Slovak Republic (Figure 1) and is the second-
largest city with approximately 250,000 inhabitants. For modelling, the simulation transport
model is presented in this article.

The principle of this research is based on the comparison of traffic intensity on the
monitored sections before and after the introduction of changes. Traffic intensity is defined
as a measure of the average occupancy of an urban road during a specified period of time,
normally a busy or peak hour. It is calculated as the ratio of the time during which a road
is occupied to the time this road is available for occupancy. The aim is to reduce traffic
congestion and the load on junctions due to introducing a one-way road. Load on junctions
represents the number of vehicles on a junction road during the specified period of time.
The methodology of the solution is shown in Figure 2.
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Figure 1. Location of the Slovak Republic and the town of Kosice [64].
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Figure 2. Research methodology (source elaborated by authors).

2.1. Study Area

The area of research focuses on the internal traffic circuit of Kosice (Figure 3), which
borders the historical zone of the city. The circuit provides mainly transport services to the
central city zone (CMZ). CMZ in each city is characterized by a high density of buildings,
increased mobility of pedestrians, traffic congestion and often the impossibility of widening
lanes. Therefore, the possibilities for improving the traffic situation are minimal and, in
principle, are reduced only to changes in the organization of transport or its appropriate
management or eliminating the number of cars in city centers.

Currently, there is two-way traffic on the internal traffic circuit. This article aims to
assess whether the proposed change from two-way to one-way traffic will positively affect
the traffic situation in this inner ring road of the town. The suggestion assumes that some
lanes used so far for two-way traffic would be available only for public transport, which
would increase the attractiveness of public transport as an alternative to private transport.
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Figure 3. Illustration of the inner traffic circuit of the city of Kosice (source elaborated by authors).

The Traffic Research on Sturova Street

The indicative traffic research in the Sturova section (Figure 4) revealed that the most
critical time as of the number of cars passed is the hour between 7:00 and 8:00. It is the
morning rush hour, so the study is focused only on the slot between 7:00 and 8:00. The
research was performed at 15 min intervals from 7:00 to 17:00 during a regular working day.
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Figure 4. Histogram of Sturova section (source elaborated by authors).
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2.2. The Calculation of Permissible Intensities on the Internal Circuit

The permissible traffic flow intensity I, of the overall urban roads is calculated accord-
ing to the relation (1) [65]:

I, = Ik ks-km-kp [vehicle/h] 1)

where

[, permissible traffic flow [vehicle/h];

I, thebasic value of the permissible traffic flow intensity [vehicle/h];
ky  coefficient of influence of a light-controlled junction [-];

ks  width factor [-];

km maneuvering factor [-];

ky factor of very slow vehicle [-].

The basic values of the permissible traffic flow intensity I, depend on the required
speed, the proportion of slow vehicles and the longitudinal angle of the road. For a two-lane
road, the values of I are in Table 1, for a four-lane road in Table 2 [65].

Table 1. Basic values of permissible traffic flow intensities I, on double-lane urban road [vehicle/h] [65].

Longitudinal Angle [%] Required Speed [km/h]
50 40 30
+ _
Length of the Angle Share of Slow Vehicles [%]
Slope [m]

0~1.5 0~5 5 15 30 50 5 15 30 50 5 15 30 50
1250 1150 1000 850 1450 1350 200 1000 650 1500 350 1150
250 1250 1150 1000 850 1450 1350 1200 1000 1650 1500 1350 1150
3 7 500 1250 1150 1000 850 1450 1350 1200 1000 1650 1500 1350 1150
1000 1200 1100 1000 800 1450 1350 1200 1000 1650 1500 1350 1150
1500 1150 1000 850 650 1400 1250 1100 900 1550 1400 1250 1000
250 1250 1150 1000 850 1450 1350 1200 1000 1650 1500 1350 1150
5 not applicable 500 1250 1150 1000 850 1450 1350 1200 1000 1650 1500 1350 1150
pp 1000 1200 1050 900 700 1400 1250 1100 900 1650 1500 1350 1150
1500 1050 900 700 450 1300 1150 950 700 1500 1350 200 950
100 1250 1150 1000 850 1450 1350 1200 1000 1650 1500 350 150
250 1200 1100 950 800 1450 1250 1050 900 1650 1500 350 150
7 not applicable 500 1150 1000 850 600 1350 1200 1000 750 1600 1450 1300 1050
1000 900 750 550 300 1150 950 750 450 1550 1400 200 900
1500 700 550 400 150 950 750 550 250 1400 1200 950 650

Table 2. Basic values of permissible traffic flow intensities I, on four-lane urban road [vehicle/h] [65].

Longitudinal Angle [%] Required Speed [km/h]
60 50 40
+ _
Length of the Angle Share of Slow Vehicles [%]
Slope [m]
015 0-5 5 15 30 50 5 15 30 50 5 15 30 50
2000 1850 1700 1500 2500 2350 2200 2000 2900 2800 2650 2500
250 2000 1850 1700 1500 500 2350 2200 2000 2900 2800 2650 2500
3 ; 500 2000 1850 1700 1500 2500 2350 2200 2000 900 2800 2650 2500
1000 1900 1750 1600 1350 2400 2250 2100 1950 2900 2800 2650 2500
1500 1850 1650 1450 1200 2350 2200 2000 1750 2800 2650 2500 300
250 2000 1850 1700 1500 2500 2350 2200 2000 2900 2800 2650 500
_ 500 2000 1800 1650 1400 2500 2350 2200 2000 2900 200 2650 500
5 not applicable 1000 9(1)0 1750 1550 2400 2250 2050 1800 2900 2750 2600 400
1500 1750 1550 1350 2250 2050 1850 1500 2750 2550 2350 2000
100 2000 1850 1700 1500 2500 2350 2200 2000 2900 2800 2650 2500
250 2000 1850 1700 1500 2500 2350 2200 2000 2900 2800 2650 2500
; not applicable 500 19100 1750 1600 2300 2150 1950 1750 2850 2700 2550 2300
1000 750 1600 2100 1800 1600 1450 2600 2450 2250 2000

1500 1550 1400 1900 1600 1450 300 2400 2150 1900 1650
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The coefficient of influence of a light-controlled intersection ky (Table 3) depends on the
ratio of the green phases at a given intersection and the distance in the intersection section.

Table 3. Values of the influence factor of a light-controlled intersection ky [65].

Share of Green Phases in the Cycle Distance from a Traffic Light Intersection [m]
Z1:25; 2y:(Zy + Z3) 200 m 500 m 100 m 1500 m

1:2 0.55 0.65 0.75 0.90

1:1.5 0.6 0.70 0.80 0.90

1:2 0.65 0.70 0.85 0.90

1:0.75 0.7 0.80 0.85 0.90

1:0.5 0.75 0.83 0.90 0.90

1:0.35 0.80 0.85 0.90 0.90

1:0.25 0.85 0.90 0.90 0.90

Z;—sum of green phases in the direct traffic direction, Z, (Z3z)—sum of green phases in the secondary
driving direction.

The width factor ks (Table 4) expresses the influence of the width arrangement of the
cross-section and the width of the lane on the permissible intensity of the traffic flow. In
our case, all lanes on the inner circuit are 3.5 m wide. On some sections of the inner circuit
road, there is a directionally divided road; on others, there is not.

Table 4. Width factor ks for two- to eight-lane urban road arrangement [65].

Road Type Driving Lanes Width of the Driving Lane [m] Width Factor ks [-]
" - 3.00 0.7
Directionally undivided 2 3.50 038
- o 3.00 1.8
Directionally divided 4 3.50 1.9

The maneuvering factor kn, (Table 5) expresses the effect of deceleration (stopping) of
maneuvering vehicles in the urban road lane at:

- Turning or entering vehicles from the lane for parking or service on the associ-
ated lanes, on the stop lane, from adjacent buildings and less traffic-controlled
intersections, etc.

- Standing on the lanes of vehicles operating adjacent objects, traffic lanes in front of
pedestrian crossings and non-rail public transport vehicles.

Table 5. Maneuvering factor values kn, [65].

Maneuver Type in One Hour

Number of Lanes in the Traffic Direction Number of Turns from One Lane Number of Stops in One Lane
0 25 50 100 0 25 50 100
1 1.00 0.96 0.90 0.80 1.00 0.85 0.65 0.40
2 1.00 0.98 0.96 0.92 1.00 0.95 0.84 0.70
3 1.00 1.00 0.98 0.95 1.00 0.95 0.90 0.80
4 1.00 1.00 0.98 0.96 1.00 0.96 0.90 0.85

The maneuvering factor is determined from the range of maneuvers of vehicles affect-
ing the traffic conditions of the traffic flow in the evaluated sub-section of the intersection
section. Maneuvers in the previous and next sub-section and starting from longitudinal
parking and secondary urban road are not considered. The most unfavorable turning or
stopping maneuvering factor is used to determine the permissible intensity.
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The influence of very slow vehicles ki, in the traffic flow applies to the urban road
with a proven regular occurrence of these vehicles. In our case, it is up to 2%, so the value
of ky, is equal to 1 (Table 6).

Table 6. The factor of the impact of very slow vehicles ky, [65].

Share of Very Slow Vehicles Out of the The Factor of the Impact of Slow Vehicles

Number of Slow Vehicles
0.2-2% 1.00
2% 0.95
5% 0.90
10 and more % 0.80

The values of the primary permissible intensities (Tables 1-6) and the factors can be
linearly interpolated.

2.3. The Simulation Transport Model

The simulation traffic model is created to monitor and assess changes in the internal
traffic circuit. It is made in the following three variants:

Variant A—the model of the current state of the internal traffic circuit with the
two-way road;

Variant B—the model of the proposed change of the internal traffic circuit with consid-
eration of one-way traffic;

Variant C—the model of the proposed change of the internal traffic circuit with the
assumption of reducing the number of vehicles by 10%. In this variant, a reduction in
the number of private cars by 10% is expected due to the greater use of public transport.
The estimate of 10% is based on a short research among motorists, where 10% of the total
number of 200 were in favor of the use of public transport after the unification of the inner
circuit road of the city.

OmniTRANS traffic modelling program is used to create the model and simulate the
three variants mentioned above. The traffic model can be in static or dynamic form. The
second mentioned dynamic model is used in this article.

The output is a graphical representation of, e.g., traffic intensity, traffic network load
in the static model. The output of the dynamic model is the load of the transport network
in time intervals with the respective traffic volumes.

The program uses the OJL programming language to create traffic models. The OJL
programming language works with simple and more complex scripts as needed, containing
a group of simple commands. Separate scripts are divided into nine groups of modelling
classes according to the type of modelling. The MADAM method is used for dynamic
modelling in OmniTRANS [66,67].

All variants of the traffic model are created for the morning rush hour, i.e., between
7:00 and 8:00. The procedure for creating a simulation model is shown in Figure 5.
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Traffic model creation

S N

1. Road network creation 2. Input data entry
—| Map loading Generating an OD matrix
Add objects to the network Inserting the OD matrix into the
(centroids, nodes, roads, junctions) “Basic cube”

3. Creating a program jobs 4. Results overview

— Creation of scripts I— Various data, ...

Run a simulation (variants A, B, C)

Figure 5. Scheme of traffic model creation, (source elaborated by authors).

2.3.1. Road Network Creation

The transport network of the internal transport circuit consists of 10 centroids, 6 nodes
and 6 road sections (Table 7).

Table 7. Input data for road network creation (source elaborated by authors).

Object Number of Objects [pcs]
Centroids 10

Nodes 6

Links 6

Figure 6 shows a transport network with defined centroids, nodes and links. For
Option B, the network consists of the equal number of districts, nodes and road sections.
The change exists in the road section settings. Only one two-way road will remain from the
current six two-way roads and the remaining five sections will be one-way roads with two
lanes for private transport. The lane for buses in the transport model is not included. The
layout changes when road traffic is redirected from Hviezdoslavova Street to Tovarenska
and Bacikova Streets (Figure 6b).
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Figure 6. Transport network for Variant A (a) and Variants B and C (b) in OmniTRANS program (source elaborated
by authors).

The nodes are placed where at least two road sections are connected. So, they are
practically intersections. There are 5 light-controlled intersections and one roundabout
intersection on the transport network. Two versions for each intersection were created,
one for Variant A and one for Variants B and C. An illustrative example can be seen in
Figure 7a, which shows the light-controlled intersection of Palackeho (Aupark)-Jantarova
for Variant A and Figure 7b is the model of the intersection after the change to a one-way
road (Variant B, C). A noticeable change is introducing a one-way road Stefanikova in the
direction from the shown node to the northern sections of the internal traffic circuit

(b)

Figure 7. Model of intersection Palackeho-Jantarova for Variant A (a) and Variants B and C (b), (source elaborated

by authors)
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The signal plan is set in the mode for morning rush hour “10: AM” and a cycle
of 90 s. Figure 8a shows the signal plan setting of the above light-controlled junction.
An organizational change (one way) in the transport node also changes the signal plan
(Figure 8b). This means that, when the traffic organization is changed on the internal traffic
circuit, changes in the settings of the signal plan will occur at all traffic nodes, while the
cycle is not changed, but remains at 90 s.

[i0:a EEEIE) | [Fom fleala |
E Arm: 1 from node: 5
I

[ — IE
—— A.iszmnodtm
I~ — [¢ I
S Armni 3 from node: 10001
|E —| I
‘ — .
[ e— B
[ —

(a) (b)

Figure 8. Illustration of the signal plan of the Palackeho-Stefanikova intersection for Variant A (a) and Variants B and C (b)

(source elaborated by authors).

2.3.2. Input Data to the Simulation Model

The OD matrix, which contains mutual transport relations between centroids, is
needed to perform the simulation on the model created above. As mentioned above in this
article, traditional methods for constructing an OD matrix involve extensive traffic research,
which is done only once in a while, and it is very expensive and time-consuming [61]. There
are also situations where such research cannot be carried out due to financial or pandemic
reasons. An example is a current situation where research could not be carried out as
a result of the various restrictions caused by the COVID-19 pandemic, such as curfews,
ordered work from home, etc. As a result, we could not provide accurate results due to
reduced mobility.

Fortunately, OmniTRANS allows for estimating the OD matrix from old research. In
our case, research conducted in 2015 can estimate the OD matrix [68]. The methodology
and algorithm for estimating the OD matrix are solved by several authors in their studies
and are not interested in this article.

To estimate the OD matrix, we will use studies conducted in 2015 as part of the last
national traffic census. The values of traffic intensity at all entrances and exits to/from
the town’s internal traffic circuit were subtracted from the traffic survey provided in 2015.
Based on these data, the so-called historical OD matrix for both Variant A and Variant B.
Table 8 shows the historical matrix for the current state, i.e., bidirectional traffic on the
inner circuit (Variant A) and in Table 9, the historical matrix for Variant B is compiled. The
OD matrix for variant C is created from the historical source-target matrix for Variant B,
with the number of vehicles reduced by 10%. The numbers of vehicles in the source-target
matrices are rounded up to integers. The number of vehicles and the number of public
transport funds was recorded.
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Table 8. Historical matrix for Variant A, (source elaborated by authors).

Centroids 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. Total
1. Sturova 0 77 31 123 154 46 108 93 62 15 709
2. Rastislavova 61 0 14 54 68 20 48 41 27 7 340
3. Juzna trieda 22 12 0 20 25 7 17 15 10 2 130
4. Jantarova 74 41 16 0 82 25 57 49 33 8 385
5. Palackeho 188 105 42 167 0 63 146 125 84 21 941
6. Masarykova 33 18 7 30 37 0 26 22 15 4 192
7. Nar.trieda 25 14 6 22 28 8 0 17 11 3 134
8. Komenskeho 15 8 3 14 17 5 12 0 7 2 83
9. Csl.armady 51 28 11 45 57 170 40 34 0 6 442
10. Aupark 3 2 1 3 4 1 3 2 1 0 20
Total 472 305 131 478 472 345 457 398 250 68 3376
Table 9. Historical matrix for Variant B, (source elaborated by authors).
Centroids 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. Total
1. Sturova 0 74 30 12 148 44 103 89 59 15 574
2. Rastislavova 59 0 13 53 66 20 46 39 26 7 329
3. Juzna trieda 22 12 0 20 25 7 17 15 10 2 130
4. Jantarova 71 40 16 0 79 24 56 48 32 8 374
5. Palackeho 183 102 41 163 0 61 142 122 81 20 915
6. Masarykova 32 18 7 29 36 0 25 22 14 4 187
7. Nar.trieda 20 11 5 18 23 7 0 16 14 2 116
8. Komenskeho 15 8 3 13 17 5 12 0 7 2 82
9. Csl.armady 51 28 11 45 57 17 40 34 0 6 289
10. Aupark 3 2 1 3 4 1 3 2 1 0 20
Total 456 295 127 356 455 186 444 387 244 66 3016

Individual simulation experiments, conducted separately for each variant, were
performed based on these input values. The simulation results are presented in the
following chapter.

3. Results and Discussion

This chapter presents simulation experiments for three variants (variant A, variant
B, variant C). All experiments are set up during the morning rush hour, i.e., between 7:00
and 8:00. Considering the evaluation of the results, we monitor—for all three variants—the
inter-district traffic relations, the intensities at the intersections and the intensities of the
intersection sections.

3.1. Display of Inter-District Traffic Relations

Figure 9 shows the inter-district relationships for Variant A, Variant B and Variant
C. There can be found a decrease in the direction of traffic flows between the Narodna
trieda-Sturova and Narodna trieda—Palackeho districts by comparing the results between
Variant A and Variant B. On the other hand, there is an evident increase in traffic flows in
the Jantarova—Palackeho district. With the expected decrease in the number of vehicles
of 10% in Variant C, this negative phenomenon is eliminated to the values corresponding
to Variant A, i.e., the current state. Traffic flow in Figure 9 represents vehicles per hour,
specifically between 7:00-8:00.



Appl. Sci. 2021, 11,5018

13 of 21

EEEEOO0O@E0
o
=

Qrienva

(¢) Variant C

-70
70-
100 - 120
120 - 150
150 - 160

100

EEEREO

Sta

160 -
175 -
250 -
330 -
370 -
> 4438

rova

(b) Variant B

175
250
330
370

Figure 9. Illustration of inter-district relationships for Variant A (a), Variant B (b) and Variant C (c) (source elaborated

by authors).

3.2. lllustration of Traffic Intensities at Intersections

A comparison of the junction cartograms for Variants A, B and C is shown in Figure 10.
In this view, we can compare the current transport intensities for each modelled variant. The
highest intensity of transport flow is in the direction from Palackeho to Palackeho (Aupark).
The numbers show the number of vehicles passed through the individual branches of the
intersection, e.g., in the direction from Palackeho to Palackeho (Aupark), 583 vehicles/h
will pass at Variant A. This straight direction will be cancelled at Variant B, which will lead
to a rapid increase in intensity in the direction from Palackeho to Stefanikova Street (right)

to 1233 vehicles/h.
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(c) variant C

Figure 10. Illustration of traffic flow intensity at a light-controlled junction Palackého-Jantarova (source elaborated

by authors).

3.3. Illustration of Intensities of Intersection Sections

Figure 11 shows the traffic intensity at 7:45. The expansion of the morning rush hour
can be observed at this time. As can be seen from the figure that there is a change in the
introduction of one-way traffic in the inner traffic circuit in Variant B. Red arrows indicate
the direction of the one-way circuit. Sturova Street (Section 1) remains the only two-way
section. The obtained results of the model for Variant B show that 75% of the sections of the
internal traffic circuit are over capacity. The busiest section is Tovarenska Street (Section 4).
The least-loaded section for Variant B is the Sturova section (Section 1). In the previous
Variant A, the Sturova section was the busiest. The cancellation of road traffic causes
this significant change from all directions in the junction Palackeho (Aupark)-Jantarova—
Palackeho-Stefanikova towards the western part of the city of Kosice. The detour in this
direction begins on Stefanikova Street. This change also harms the direction of traffic flows
at the light-controlled intersection of the relevant transport hub. The majority of the traffic
flows are directed at Stefanikova Street. Up to 110% of the load belongs to the arm of
a light-controlled intersection in the direction from Palackeho to Stefanikova. A similar
effect occurs on Moyzesova Street, which serves as the only gateway to the districts of
Sturova and Rastislavova. This road is used by all vehicles heading from up to six districts
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of Jantarova, Palackeho, Masarykova, Narodna trieda, Komenskeho and Ceskoslovenskej
armady. On the contrary, the reduction in congestion at the entrances to the internal traffic
circuit from the Palackeho and Sturova districts will have a positive effect, making this
section one-way only.
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Figure 11. Traffic intensities of areas between the particular intersection (source elaborated by authors).

The local roads have to be classified at first according to the percentage load for the
overall evaluation of individual simulation experiments in terms of our goal, which was
set up to assess the capacity load of road sections before and after introducing a one-way
circuit. This classification is inspired by the approach presented in the publication [69]. In
Table 10, the roads are divided into four groups according to their capacity utilization.
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Table 10. Classification of local roads according to capacity load (source elaborated by authors).

Transport Flow Road Capacity
Properties Utilization [%]
Road drivers are
rarely mutually
influenced. Transport
flow is fluent.
Vehicles in the choice
of speed and driving
lane are in the small
range of mutual
influence. The
negligible delays
imply that. Transport
flow is almost fluent.
The presence of other
road users is
noticeable. There is
no longer the
unlimited freedom of
movement given. The 61-80
flow of traffic is stable.
In the case of
undesirable events,
the area decreases on
the level of quality D.
All of the road users
have to keep in mind
a possible presence of
barriers. Congestion
or a complete stop of
vehicles occurs

Level of Quality Quality of Transport

A Excellent <30

B Good 31-60

C Satisfactory

D Unstable >81

The percentage load of the road is calculated as the ratio of the actual intensity I,
obtained from the simulation model and the permissible intensity on the given section
calculated according to formula (1).

as — Ilﬂ-loo %] %)
P

where:

Im  current traffic flow intensity from model [vehicles/h];
I, permissible traffic flow intensity [vehicles/h].

The following table shows the results of simulation experiments in the inner traffic
circuit of the city for each modeled variant. From the results, we can assess the suitability
of each option, especially in terms of the capacity of local roads.

Thanks to the transport simulation model of the town’s internal transport circuit in
three variants, we can compare and assess which of the variants best meets the capacity
requirements of local roads. A comparison of the results of the simulation experiments for
Variant A and Variant B in Table 11 reveals the following findings:

e  Creating a one-way circuit of the inner ring road in Kosice will increase the capacity
load of the road on all sections, which is approaching or even exceeding the calculated
permissible values of intensity.

e  Section 1: The number of vehicles passing through this section will be reduced from
1524 vehicles/h to 1403 vehicles/h, but the capacity load of the road will increase
from 40% to 99%, so the quality of the section according to Table 10 will decrease from
group B to group C.
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e Section 2: Even in this section, the number of vehicles will decrease from 1527 vehi-
cles/h to 1130 vehicles/h, but the capacity load will increase to 84% and the quality of
the section will decrease from group B to group C.

e  Section 3: Probably the most affected section will be section No. 3 Stefanikova, in this
locality due to the creation of one-way communication of the inner circuit, the number
of cars will increase from 1043 vehicles/h to 1491 vehicles/h., these values being 4%
higher than the permissible capacity of this road. During two-way road traffic (Variant
A), this local road is used by vehicles heading from the Jantarova and Palackeho
junctions to the Aupark, Juzna trieda, Rastislavova and Sturova junctions. Option
B is not valid anymore due to the introduction of one-way traffic on the Palackeho
(Aupark) section. The vehicles are redirected to the Stefanikova street. The quality of
the section will deteriorate to grade D, where traffic jams and congestions are likely
to occur.

e  Section 4: Even in this section, there will be a slight change from group C to group D,
even though the number of vehicles will increase slightly.

e  Section 5: In this section, although there will be a slight decrease in vehicles during
the morning rush hour, the capacity load of the road will worsen while increasing to
96%. This level is close to the allowed intensity of this road, which will thus worsen to
group D.

e  Section 6: This section is least affected by the planned changes. The capacity load of
this road will increase from 22% to 67%, which is group C, but there is still some space.

Table 11. Results of the capacity load of local roads in the internal traffic circuit (source elaborated by authors).

. Variant A Variant B Variant C
No. Section Name

Ipl ImZ as3 Ipl ImZ a53 Ipl ImZ as3
1 Sturova 3810 1524 40 1417 1403 99 1417 1265 89
2 Nam.Oslob 3818 1527 40 1345 1130 84 1345 1022 76
3 Stefanikova 3477 1043 30 1434 1491 104 1434 1353 94
4 Nam.MM 1900 1390 73 1405 1400 100 1405 1352 96
5 Hviezdoslavova 2231 1428 64 1405 1349 96 1405 1219 87
6 Moyzesova 3245 714 22 1425 955 67 1425 846 59

1 I,—the permissible intensity calculated according to the formula (1) [vehicles/h]; 2 1,,—the intensity obtained by simulation in the model
[vehicles/h]; > a;—the percentage load of the road during the morning rush hour [%].

4. Conclusions

In this article, we have focused on the study of one-way traffic effects of the internal
traffic circuit in the city of Kosice. The aim is to determine whether the change in the
organization of transport, from two-way to one-way traffic, will have an impact on the
change in its quality. For this purpose, we have used a traffic simulation model with
three variants: Variant A represents the current situation, i.e., two-way traffic; Variant B
represents the proposal of one-way traffic; Variant C represents one-way traffic with an
expected decrease in the number of passenger cars of 10%.

We have assessed every variant in terms of the load percentage of each road section.
To this end, we have adapted the traffic quality evaluation system shown in Table 10, which
is inspired by the LOS (Level of Service).

In general, the study reveals that the one-way nature of the traffic will not have any
positive effect on the traffic situation on the internal traffic circuit of the city. The most
advantageous variant in terms of the established system of transport quality level (Table 11)
is Variant A, which is the current state of transport organization. Regarding Variant B, the
traffic quality level is reduced in all cases, with the exception of level D “unstable”. As can
be seen in Table 11, Variant C also results in quality-level reduction in each road section.
In addition, if we consider other negative impacts of one-way traffic, such as a higher
accident rate in the publication [13], higher distance traveled or economic impacts [14],
then Variant A appears to be the most suitable alternative. On the other hand, there are
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cases in which one-way traffic can effectively reduce the total travel time of travelers in a
certain congested urban area. Thus, as the results of the study [11] show, the solution could
be an introduction of one-way traffic only in some sections of the road. Additionally, the
authors Chiu, Zhou and Hernandez [15] state that one-way traffic may have advantages
over two-way traffic under certain circumstances, so this topic requires further research.

The city of Kosice based its design of one-way traffic on the inner traffic circuit on
experience with some new one-way streets in the city center, that brought an improvement
in traffic flow, which resulted in an increase in the number of parking spaces. As this
study has shown, the introduction of one-way traffic may not always be advantageous but
definitely depends on many other factors, such as the need of creating new parking spaces,
the presence of traffic lights, the number of vehicles in transit and others.

The uniqueness of the study lies in the fact that we have used a completely new
approach to assess the suitability of two-way vs. one-way traffic by means of a load per-
centage on urban roads. None of the published studies known to us use this methodology.
According to our literature research, most similar studies work with criteria such as Traffic
intensity, Signal timing, Vehicle distance traveled, Average move time, Average speed or
Fuel consumption. These are undoubtedly important criteria for the selection of road con-
figuration but our study reveals that, when assessing the advantage of particular variant,
we should focus not only on monitoring the intensities or time traveled by vehicles but
also on the load percentage of the road section. As evident from the results in Table 11,
for Variant A, the ratio of urban road intensities with capacities is the most favorable. The
load percentage on the roads here reaches excellent values when most of the sections are
in quality grade A, B and only 2 sections are in quality grade C, which is still sufficient.
With Variant B, we have only two lanes available for one-way traffic of passenger cars. This
situation causes an increased load on the inner traffic circuit roads and a shift to grade D
and, in one case, grade C.

In comparison with the available literature sources, the methodology used in this
article brings a certain progressive element. The scientific and professional contributions of
this study are as follows:

- Creating a traffic simulation model of the inner traffic circuit for the city of Kosice
on which various traffic scenarios can be tested. The importance of traffic simulation
models for traffic planning and forecasting in cities is enormous and allows traffic
engineers to parametrically examine possible changes in traffic before these changes
are made and thus optimize the traffic situation. Without a detailed traffic impact
study approach, the traffic planners may always have to hold their breath on what
may actually happen after the conversion.

- Proposal of a methodology for assessing the capacity of urban roads based on a traffic
simulation model.

- Creating a categorization of road quality that can be acquired by other cities.

Most of the available studies use simulation models created in Vissim or Aimsun
programs, but only a few publications deal with the simulation model in the OmniTRANS
program, which is more affordable. Among the shortcomings and limitations of simulation
models belong a risk that modeling assumptions become invalid for later applications of
the model, or urban roads are subject to a variety of random disruptions that cannot be
included in the model.

We would like to focus our future research on parametric study under the changing
conditions of the created model. Here, we present an interesting alternative of two-way
streets with prohibited left turns. We have not considered such an alternative yet, but the
results of the study by Ortigosa [21] indicate that this is the best compromise between
distance traveled and capacity at intersections. Other questions remain open, such as
studying congested vs. non-congested roads or finding a suitable combination of two-way
traffic sections with one-way traffic sections.
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