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Abstract: This paper examines how the unidirectional alignment of a selected street affects traffic load
at nearby signal-controlled intersections. Using the Aimsun 8 simulation model, the intersections in
the city of Topol'¢any were evaluated. A simulation model was created based on a traffic survey con-
ducted by video detection at selected signal-controlled intersections. Both the negative and positive
impacts of this modification were analyzed. This study shows a significant deterioration in the traffic
situation. This paper further investigates the improvement achieved through corrective measures
such as implementing an actuated control plan, modifying signal plans, and coordinating traffic flows.
The results show the effectiveness of these measures in reducing congestion and improving traffic
flow. They also serve as a foundation for optimizing traffic systems and implementing measures to
improve urban mobility.

Keywords: road realignment; simulation model; traffic signal control; intersection evaluation; vehicles

1. Introduction

The provision of human needs is increasingly intertwined with the necessary road
modifications. These adaptations must be made in various contexts, such as develop-
ing ‘walkable cities’, securing sufficient parking spaces, or modernizing road infrastruc-
ture [1-3]. However, any intervention can affect the traffic situation in the surrounding
area, and in some cases, even in areas of entire cities. Multiple studies prove the importance
of parameters such as arrival flow rates and queue formation [4]. Therefore, it is crucial to
consider the consequences and implement measures to ensure a smooth transition from the
original to the new situation, minimizing negative effects.

This paper aims to identify and evaluate the negative impact on selected signalized
intersections following the realignment of a street located in their vicinity. Significant traffic
deterioration is encountered in practice when reducing the number of lanes [5]. In this
case, however, the number of lanes in a given direction will not only be limited but the
passage of vehicles in one direction will be fully restricted, which will cause a significant
worsening in the surrounding area [6,7]. Road realignment also negatively affects public
transport, as it causes asymmetry in the creation of public transport lines and the search for
the shortest route [8].

The hypothesis of this study is that, given all these negative impacts, the overall traffic
situation will significantly worsen after the selected street is made unidirectional. The nega-
tive impacts were evaluated by creating a simulation model in the Aimsun 8 software [9,10].
This software was chosen because it combines micro-, meso-, and macroscopic simulations
that may be used in the future. Aimsun also provides advanced visualization tools that
help to identify mistakes made while creating infrastructure.

However, in addition to negative impacts, realignment also brings positive impacts,
such as creating on-street parking spaces, which can be combined with smart solutions like
locating free parking places or creating safer transport infrastructure [11,12]. The results of
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the different variants were evaluated and compared with each other to identify flaws and
develop appropriate measures [13].

It is also hypothesized that corrective measures, such as creating a traffic-dependent
signal plan at signalized intersections and creating traffic flow coordination, can sig-
nificantly affect the worsened situation caused by the unidirectional alignment of the
selected street.

This paper is organized into several key sections: Materials and Methods, Results,
Discussion, and Conclusion. The Materials and Methods section details the traffic surveys,
the development of a simulation model, and its calibration process. In the Results section,
we assess the current quality level and examine various scenarios that may influence
traffic loads. The Discussion summarizes the results, while the Conclusion addresses the
limitations of the study, the potential future applications of the simulation, and additional
solutions that could be explored.

2. Materials and Methods

Road transport currently dominates the transportation sector within the European
Union [14]. However, this mode of transport has numerous negative environmental impacts,
including high spatial demands, greenhouse gas emissions, noise pollution, and risks
associated with traffic collisions [15-17]. Conventional vehicles continue to overwhelmingly
dominate road transport over autonomous options [18], making infrastructure adjustments
and reorganization of vehicle routing the most viable tools for improving traffic flow in
urban areas nowadays.

Most projects focus on assessing road adjustments and creating simulations, often
without including broader areas. This study focuses primarily on intersections and roads
in adjacent areas to these changes. Although modifications can directly improve condi-
tions on the modified road segment, they may also cause significant adverse effects in
connected areas. This research aims to identify such negative impacts on areas indirectly
affected by the adjustments. Additionally, it includes recommendations to minimize these
negative effects.

To facilitate this assessment, a directional survey was conducted to determine the
number of vehicles on the newly realigned one-way road. Additionally, an intersection
survey was performed at three signalized intersections outside the one-way segment. Data
from the intersection survey were collected using video detection, which automatically
counted the data required for simulation modeling. Given the extensive data collected,
these traffic figures were also used in the study entitled ‘Research on the Impact of Flexible
Working Hours on Reducing Traffic Delays in the City’ [19].

The simulation model was built using actual values from the traffic survey, which
collected data for individual vehicles and identified their entry and exit points [20]. The
data collection was situated at three signal-controlled intersections in the city of Topol'¢any.
The precise locations of these intersections are shown in Figure 1 (numbers 1-3).

The data were collected using video detection with automatic vehicle counting, as
shown in Figure 2. The video detection was implemented through entry (green) and exit
(red) gates, where the system automatically determined each vehicle’s origin, destina-
tion, and type. Similar cameras can also be used for video detection at traffic-dependent
signal-controlled intersections to create a dynamic signal plan, where the presence of a
vehicle triggers the extension or start of a green signal at a given entrance [22,23].

The survey data were used to create a simulation model of the study area, with exact
vehicle counts given in Aimsun 8 software at 15 min intervals [24]. The simulation duration
matches the traffic survey, running from 5:30 to 18:30 for 13 h. The road infrastructure was
created on a map background to match the actual distances and to create a reliable model.

This map background, shown in Figure 3, was created with QGIS 3.34 software in
two layers. The first layer serves as a base background map to verify the second layer’s
accuracy. The base layer was created using the tool QuickMapServices, specifically the
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OSM standard. The second layer, which can be seen in Figure 3, represents an orthophoto
map created using a WMS connection to the national geoportal.
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Figure 2. Gates in video detection. Source: processed by authors.

Figure 4 depicts the created road infrastructure, in which the entire traffic organiza-
tion has been considered, including public transport stops, dedicated lanes for a given
vehicle type, etc. The simulation model consists of three main intersections and one extra
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intersection used to adjust the number of vehicles entering the main three signal-controlled
intersections. This is a necessary step since many vehicles may have left the simulated area
using an intersection where vehicles were not counted. In this case, the main road is located
between Intersections 1 and 2 in a straight line. This information is critical for creating
coordination. The vehicles in the model were calculated and divided into three types: cars,
trucks, and public transport [25]. The exact numbers of these vehicle types were added to
the simulation model using the traffic state function. This function allows the user to set
the number of chosen vehicle types along specific paths through the intersection. Traffic
states at all intersections were set at 15 min intervals, corresponding to the traffic survey.

Figure 3. Orthophoto background map. Source: [21].

l

Figure 4. Infrastructure in Aimsun 8. Source: processed by authors.

In the simulation model, there are two signal-controlled intersections with a fixed
cycle time, also known as off-line control, which means that the signal timing is prede-
termined and cannot adapt to changes in the intensity of traffic [26]. In addition, there is
one traffic-dependent intersection in the model with a dynamic cycle, which means that
this intersection can react to the number of vehicles at its entrances [27-29]. This is the
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intersection number 1 in Figure 1. As this is a traffic-dependent control, it is also necessary
to create detectors at each entrance in the simulation model. The detectors will ensure that
the presence of a vehicle is identified, based on which it will extend the length of the green
light for the corresponding cycle. In practice, loop detectors or video detectors are mainly
used for this purpose, but video detectors are sensitive to environmental factors such as
rain, snow, etc., while loop detectors are not [30,31]. There is no coordination between the
modeled intersections.

The simulation model needs to be calibrated, as the pre-calibration results do not
correspond to the actual state [32,33]. The model was calibrated using travel times on
different predefined sections. The contribution of the calibration can be seen in Figure 5,
where the blue curve represents the actual measured values. The gray curve shows the
results provided by the simulation model before its calibration. The calibrated result is
represented by the orange curve, which largely corresponds to the reference values.
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Figure 5. Comparison of uncalibrated model with calibrated model. Source: processed by authors.

The same calibration process was applied to each of the selected intersections. In
cases where a change in speed alone was not sufficient to match the values in the graphical
comparison with the actual values, adjustments to acceleration and deceleration were also
made in the simulation model.

3. Results

Dedicated parameters were chosen for the comparison of traffic load change related
to the realignment. The selected parameters were the number of vehicles and the average
delay time at the entrance. The values achieved can be found in Figures 6 and 7.

According to Figure 6, the most significant number of vehicles, 7101, is at Intersection 1,
at Entrance B. On the other hand, the smallest number of vehicles is at Intersection 3, where
Entrance C is used by only 539 vehicles per day.

Figure 7 shows that Intersections 1 and 2 currently have comparable delay times,
ranging from 17 to 32 s. Intersection 3 has worse results, with an average delay time of 47 s
at Entrance A.
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Figure 6. Number of vehicles during the day. Source: processed by authors.

47
37 35
30 32
23
19 17 18 19
I I |
A B C D A B C A B C D

1 1 1 1 2 2 2 3 3 3 3

Intersection entrance [-]
Figure 7. Average delay time during the day. Source: processed by authors.

The capacity assessment of an intersection was used to evaluate the real state of
the intersection [34]. The quality level of the intersections was assessed in compliance
with Technical Conditions 102 (TP 102), which represents the national standard for the
Slovak Republic. The evaluation was based on the waiting time at the entrances for uncoor-
dinated entrances and the percentage of vehicles passing without stopping at coordinated
entrances and sections. The evaluation criteria are depicted in Table 1. The evaluation
of intersections is an essential part of smart cities, as the choice of the proper means of
transport and route is highly influenced by the degree of quality of each intersection [35,36].
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Table 1. Evaluation based on TP 102.
Uncoordinated Entrances Coordinated Entrances
Qsv Delay time [s] Qsv Percentage of vehicles without stopping
A < 20 A > 95
B < 35 B > 85
C < 50 C > 75
D < 70 D > 65
E < 100 E > 50
F > 100 F < 50

The initial simulation yielded data about the maximum delay time at the entrances,
which we used to assign a quality level based on Technical Conditions 102. These ratings
and delay times are shown in Table 2.

Table 2. Current state, evaluation of rush hours.

Intersection Rush Hour Maximum Delay Time [s] Qsv
1 7:15-8:15 31 B
15:00-16:00 34 B
5 7:15-8:15 50 C
14:15-15:15 47 C
3 7:15-8:15 77 E
14:30-15:30 65 D

The data indicate that Intersection 1 had the best ratings, while Intersection 3 had
the worst, with an E rating during the morning rush hour. Given that these results were
obtained before the realignment of the adjacent street, it can be expected that the condition
of the intersections will be unsatisfactory after the realignment.

Once a credible simulation model was developed, the unidirectional alignment of the
selected street, located near the signal-controlled intersections, was implemented. Vehicles
using this road were rerouted to alternative routes, which may have included the simulated
signal-controlled intersections.

During the same time as the traffic survey at signal-controlled intersections, a direc-
tional traffic survey was also carried out with the recording of vehicle registration numbers
at several locations within the area. These counting posts can be seen in Figure 8. The map
backgrounds in Figures 8-10 are from [37].

Using the directional survey results, vehicles on this road were assigned to an alter-
native route through the simulated area. The change initiated an additional load on the
signal-controlled intersections, worsening the traffic situation. Both possible road align-
ments were considered in the development of alternative routes, with the realignment
in the simulation model directly affecting all three intersections. The first variant of the
unidirectional alignment is shown in Figure 9, where there is a unidirectional alignment
between Counting Posts 2A /2B and 1A /1B. The second highlighted alignment, near Count-
ing Post 3A /3B, represents a restriction that is already in place at the current time. Based
on the detection time, two artificial counting posts were also created, which are X1 and X2.
Creating such posts ensured that vehicles with a destination in the area would be simulated
correctly, and their route would be adjusted to match the actual route.

Variant 1 was a unidirectional alignment in the same direction as the existing restriction
near Counting Post 3A /3B, making it theoretically a less suitable variant as there would
be a more significant load on the signal-controlled intersections. The results achieved are
shown in Table 3 below.
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Figure 8. Location of the traffic survey posts Source: processed by authors from [21].

From the simulation results for Variant 1, we conclude that there is an increase in delay
time at all intersections and entrances, except Entrances B and C at Intersection 2. However,
the decrease observed at these two entrances is negligible as it is a change of up to 2 s. The
most significant difference is at Intersection 1 at Entrance A, where there is an increase from
19 s to 51 s, an increase of 168.42%.

According to TP 102, the intersections after the alignment in this variant were assigned
the ratings shown in Table 4, where the maximum delay time at the entrance is also
provided. The most significant worsening occurred at Intersection 1, with its satisfactory
stage rating decreasing from Grade B to Grade D.
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Figure 10. Variant 2. Source: processed by authors from [21].
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The resulting values show that each of the affected intersections experienced a decline,
with the most significant deterioration observed at Intersection 1, where a percentage
increase in the delay time of 96.77% was recorded during the morning rush hour.

In Variant 2, the load changed in the same manner, but the alignment was in the
opposite direction. This concept can be seen in Figure 10. Since multiple alternative routes
were available in this case, drivers were assigned to these routes by expert estimation
using percentages. Routes were prioritized based on the shortest and fastest route. The
figure also provides a graphical representation of the route from Site X1 to Site 2A /2B,
considering that 80% of the vehicles used the fastest route, and 20% of the drivers chose the
longer alternative.

The probabilities of alternative routes are listed in Table 5, which also describes the
route in question, along with the source and destination. Based on these probabilities, the
vehicles were rerouted on a newly created path.

The simulation model was cleared from previous variant data and then adjusted with
vehicle values, as shown in Table 5. The results are presented in Table 6.

Again, the results for this variant show that the most significant worsening occurred
at Entrance A at Intersection 1. Although this entrance was not directly affected by the
change in load, the increase is due to the fact that it is a traffic-dependent control. Thus, the
intersection automatically adjusts the cycle based on the number of vehicles.

Table 7 shows the change in rush hours, maximum delay time at entry, and quality level.

As with Variant 1, there was a significant decline. During the morning rush hour,
traffic collapsed at Intersections 2 and 3, with an increase of 114% at Intersection 2 and
85.71% at Intersection 3.

Both variants were significantly affected by the increase in load, with the best situation
being in the current state without any change in the load. Variant 2 achieved lower delay
times despite worse ratings during rush hour. This was due to the better condition of the
main traffic flows, while the minor traffic flows experienced a collapse. The specific delay
time at these intersections for all variants is shown in Figure 11.

Table 3. Variant 1, percentual change in vehicles and delay time.

Intersection Entrance Number of Vehicles [veh] Percentual Change Delay Time [s] Percentual Change
A 7635 30.09% 51 168.42%
1 B 8232 15.93% 26 13.04%
C 5825 —0.44% 30 76.47%
D 1784 —0.28% 58 93.33%
A 7414 23.40% 39 21.88%
2 B 4486 —24.48% 16 -11.11%
C 2573 0.08% 17 —10.53%
A 9337 114.84% 73 55.32%
3 B 1774 0.28% 10 11.11%
C 549 1.86% 47 27.03%
D 2232 0.09% 52 48.57%
Table 4. Variant 1, evaluation of rush hours.
Intersection Rush Hour Maximum Delay Time [s] Percentual Change QSsv
1 7:15-8:15 61 96.77% D
14:45-15:45 57 62.86% D
5 7:15-8:15 55 10.00% D
14:00-15:00 60 27.66% D
3 7:15-8:15 94 22.08% E
13:45-14:45 69 6.15% D
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Table 5. Probability of alternative routes.

From To Probability Chosen Route

’ 80% Through Intersection 3

X1 20% Through Intersections 1 and 2
3 80% Through Intersection 3

20% Through Intersections 1 and 2
5 70% Through Intersection 3

X2 30% Through Intersections 1 and 2
3 80% Through Intersection 3

20% Through Intersections 1 and 2
5 50% Through Intersection 3

4 50% Through Intersections 1 and 2
3 50% Through Intersection 3

50% Through Intersections 1 and 2
9 20% Through Intersection 3

5 80% Through Intersections 1 and 2
3 30% Through Intersection 3

70% Through Intersections 1 and 2

Table 6. Variant 2, percentual change in vehicles and delay time.

Intersection Entrance Number of Vehicles [veh]  Percentual Change Delay Time [s] Percentual Change

A 5865 —0.07% 52 173.68%

1 B 7072 —0.41% 27 17.90%
C 5862 0.19% 31 82.35%
D 2401 34.21% 57 90.00%
A 7996 33.09% 51 59.38%

2 B 4560 0.82% 16 —11.11%
C 2583 0.47% 18 —5.26%
A 4351 0.12% 55 17.02%

3 B 2346 32.62% 13 44.44%
C 531 —1.48% 42 13.51%
D 2258 1.26% 35 0.00%

Table 7. Variant 2, evaluation of rush hours.

Intersection Rush Hour Maximum Delay Time [s] Percentual Change Qsv
1 7:15-8:15 64 106.45% D
15:00-16:00 57 62.86% D
5 7:15-8:15 107 114.00% F
15:00-16:00 62 31.91% D
3 8:45-9:45 143 85.71% F
14:15-15:15 75 15.38% E

For Variant 1, we observed an increase in total delay time of 71.51% during the day.
In Variant 2, this increase was slightly lower, at 55.55%, although the growth remained
significant. A comparison of the two variants revealed that Variant 2 performed better than
Variant 1 by 9.22%.
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Figure 11. Comparison before corrective measures. Source: processed by authors.

Several corrective measures are available, including modifying the signal plans at
affected intersections [38,39]. Changing the signal plan has a direct impact on the traffic
capacity of the intersection in question [40]. The Aimsun 8 software facilitates the creation of
an automatic signal plan. Still, this plan must be modified since it misrepresents the collision
point locations that are part of the calculation under TP 102. Specifically, the collision points
were used to calculate the time required for vehicles to clear the intersection area before
the next traffic flow receives a green signal. However, signal-controlled intersections differ
from uncontrolled intersections in terms of the number of conflict points [41]. Once the
intersection projects were created, the distances of the collision points were extracted
directly from the drawings. A sample of these drawings can be seen in Figure 12.

W,"

Figure 12. Intersection 1, collision points. Source: processed by authors.
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Figure 12 illustrates the collision points located at the intersection of the entering traffic
flow, shown in green, and the exiting traffic flow, shown in red. Once the collision points
were identified, the in-between times were calculated. Following this, a signal plan was
generated in Aimsun and adjusted to ensure that vehicles were provided with sufficient
time to clear the intersection.

The measures for reducing congestion included introducing traffic-dependent con-
trol at Intersections 2 and 3. Traffic-dependent control is one of the most commonly
used measures in smart cities to solve problems at signal-controlled intersections, as it
helps to increase intersection capacity and reduce congestion [42—46]. With reduced con-
gestion, traffic flow is improved, which also has an impact on accident rates and traffic
safety [47]. Delay times at intersection entrances are significantly reduced when traffic
becomes continuous [48]. Traffic-dependent control requires installing detectors at each
intersection entrance to identify vehicle presence and parameters like speed, vehicle type,
and intensity [49-52]. Detectors were located 20 m before the stop line at all intersections.
In addition to reducing congestion, creating an appropriate signal plan also helps improve
driver behavior [53].

Another measure for reducing traffic load was coordinating the main traffic flow
between Intersections 1 and 2. Creating coordination between signalized intersections has
several positive impacts. In addition to creating continuous traffic flow and reducing delay
time, there is also a reduction in emissions, as well as noise emissions [54,55]. Coordination
is also beneficial for emergency services, which, in this case, reduces the time needed to
cross the necessary area [56]. The coordination was set using the travel time between these
intersections, which ensured that vehicles coming from one intersection to another would
always have a green signal.

The quality level of coordinated traffic flows was evaluated by the percentage of
vehicles that passed without stopping. The current situation, without the introduction of
coordination for the main traffic flow, is shown in Table 8. These data are significant for
identifying whether coordination is effective.

Table 8. Evaluation before coordination.

From Intersection 1 to Intersection 2

Delay time [s] Stop time [s] Percentage of stopping vehicles
21.69 17.48 64%
From Intersection 2 to Intersection 1
Delay time [s] Stop time [s] Percentage of stopping vehicles
30.23 25.87 69%

To evaluate coordination at all, the ratio of stopping vehicles must be less than 50%.
In this case, we observed higher values for both intersections, which corresponds to
the fact that there is no coordination between these intersections. The results after the
implementation of coordination are shown in Table 9.

Table 9. Evaluation after coordination.

From Intersection 1 to Intersection 2

Delay time [s] Stop time [s] Percentage of stopping vehicles
348 211 11%
From Intersection 2 to Intersection 1
Delay time [s] Stop time [s] Percentage of stopping vehicles
21.05 17.68 46%

With the implementation of coordination, we observed a significant improvement in
the percentage of stopping vehicles, which decreased from 64% of stopping vehicles in the
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direction from Intersection 1 to Intersection 2 to 11% of stopping vehicles. Worse results
were obtained in the opposite direction, as coordination was only partial. However, in this
case, there was also an improvement from 69% of stopping vehicles to 46%.

Once the new signal plans were implemented and coordination was in place, both
unidirectional options were evaluated in the same way. The results for Variant 1 are shown
in Table 10 below.

Table 10. Variant 1, percentual change in vehicles and delay time after corrective measures.

Intersection Entrance Number of Vehicles [veh] = Percentual Change Delay Time [s] Percentual Change

A 6864 —10.10% 51 0.00%

1 B 8638 4.93% 21 —19.23%
C 5841 0.27% 31 3.33%
D 1782 0.11% 54 —6.90%
A 7457 0.58% 47 20.51%

2 B 4486 0.00% 4 —75.00%
C 2569 —0.16% 34 100.00%
A 5858 —37.26% 32 —56.16%

3 B 1766 —0.45% 27 170.00%
C 550 0.18% 55 17.02%
D 2253 0.94% 35 —32.69%

The results show that worse outcomes were achieved than before the implementation
of the corrective measures themselves. However, the real point of comparison was the total
delay time during the day, as it indicated whether there was a time saving, considering
that the increase in the total delay is dependent on the number of vehicles. The principle
is that the main traffic flow with the highest number of vehicles is improved. In contrast,
minor traffic flows with fewer vehicles are worsened at the expense of the main traffic flow
being improved.

Based on Figure 13, it can be concluded that the corrective measures contributed to an
improvement in delay time, reducing it from 515.82 h to 385.3 h, representing a time saving
of 25.30%.

600
500

Delay time [Hours]
-2
(]
[a=]

162.81
79.84
104.6
90.33
715.13 248.41
After corrective measures Before corrective measures

Intersection 1 Intersection 2 Intersection 3

Figure 13. Comparison of states before and after corrective measures, Variant 1. Source: processed
by authors.

For specific inputs during rush hours, the changes are outlined in Table 11.
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Table 11. Variant 1, evaluation of rush hours after corrective measures.

Percentage of Vehicles

Intersection = Rush Hour Maximum Delay Time [s] Passing Without Stopping Percentual Change Qsv
1 7:15-8:15 61 69.66% 0.00% D
14:45-15:45 51 65.42% —10.53% D
5 7:15-8:15 48 91.50% —12.73% C
14:00-15:00 48 88.17% —20.00% C
3 7:15-8:15 54 - —42.55% D
13:45-14:45 60 - —13.04% D

The introduction of traffic-dependent control and coordination of selected traffic flows
between intersections resulted in improvements at all intersections. Intersection 1 was
the least affected, as it was already traffic-dependent in its current state. Based on this,
we determined that the coordination resulted in an improvement of approximately 10%
during the afternoon rush hour. In other cases, we observed improvements ranging from
12 to 40%.

For Variant 2, the same procedure as in the previous case was chosen. The first step
was, therefore, to identify the time savings during the day, which can be found in Figure 14.

288

2
[ew]
[aw]

Delay time [Hours]
o S O M
= | R =

After corrective measures Before corrective measures

o Intersection 1  m Intersection 2  m Intersection 3

Figure 14. Comparison of states before and after corrective measures, Variant 2. Source: processed

by authors.

Variant 2 revealed an improvement of 15.56% relative to the current situation. Com-
pared to Variant 1, which achieved an improvement of 25.30%, it was a worse solution.
Nevertheless, the overall delay time after corrective measures was comparable to the delay
time for Variant 1. The difference between the two variants was 2.5%.

The results from the length of the simulations are presented in Table 12.
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Table 12. Variant 2, percentual change in vehicles and delay time after corrective measures.

Intersection Entrance Number of Vehicles [veh] = Percentual Change Delay Time [s] Percentual Change

A 5864 —0.02% 51 —1.92%

1 B 8638 22.14% 21 —22.22%
C 5841 —0.36% 30 —3.23%
D 1782 —25.78% 54 —5.26%
A 6226 —22.14% 39 —23.53%

2 B 6018 31.97% 11 —31.25%
C 2569 —0.54% 34 88.89%
A 5858 34.64% 32 —41.82%

3 B 1766 —24.72% 27 107.69%
C 550 3.58% 55 30.95%
D 2247 —0.49% 52 48.57%

The results show that, together, the intersections were able to serve a larger number
of vehicles. Before the implementation of the corrective measures, the total number of
vehicles was 45,825. After the implementation, the total number of vehicles increased
to 48,064 for Variant 1 and 47,359 vehicles for Variant 2. On average, there was a 4.1%
increase in the number of vehicles. For delay times, we observed significant improvements
in the main traffic flows where the number of vehicles was the highest. On the other hand,
minor traffic flows experienced an increase in average delay times by up to a factor of two.
However, if we consider the number of vehicles at a given entry, it is evident that there is an
overall saving as a result. This effect is due to the fact that traffic-dependent control is more
advantageous for the main traffic flow, as there is a greater chance of a vehicle appearing to
extend the green signal time.

The results of the rush hours are shown in Table 13, where they are compared with the
state before the change.

Table 13. Variant 2, evaluation of rush hours after corrective measures.
. . . Percentage of Vehicles
Intersection = Rush Hour Maximum Delay Time [s] Passing Without Stopping Percentual Change Qsv
1 7:15-8:15 61 70.34% —4.69% D
14:45-15:45 53 65.14% —7.02% D
” 7:15-8:15 49 90.06% —54.21% C
14:00-15:00 49 87.67% —20.97% C
3 7:15-8:15 50 - —65.03% C
13:45-14:45 50 - —33.33% C

As with Variant 1, the smallest improvement was achieved at Intersection 1. This
is due to the fact that the intersection is already traffic-dependent. From the results, it
can be inferred that the coordination of the traffic-dependent intersection alone helped
to improve the condition by approximately 5%. For the other intersections, there were
significant improvements in the range of 20% to 65%, showing that the introduction of
traffic-dependent control and coordination can significantly improve the situation at a
signal-controlled intersection.

4. Discussion

This paper used a simulation model to demonstrate the changes in the load on the
roads due to the introduction of traffic restrictions in their vicinity. Two different vari-
ants for the load change were created to identify the changes, and significant worsening
was achieved in both cases. Following the increase in traffic load, corrective measures
were implemented in the simulation model to reduce the negative impact of the changes.
These measures included adjusting the signal plans at selected signalized intersections,
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constructing detectors, implementing traffic-dependent signal control, and establishing co-
ordination of the main traffic flow. The simulation results after the implementation of these
measures show a positive impact. The intersections were able to handle a higher number of
vehicles during the day compared to the situation before the changes were introduced, and
overall delay times decreased. During rush hours, we observed an improvement compared
to the conditions before the changes were implemented. For Variant 1, improvements of
up to 42.55% were recorded during rush hours, and improvements of up to 65.03% were
observed for Variant 2. Despite these positive results, even after the implementation of the
changes, the results did not reach the values that these intersections were achieving before
the increase in load. At best, the condition at these intersections worsened by 28.11%. If no
changes had been made to the intersections, the most favorable results would have been
55.55% worse than the current state. From these data, it can be concluded that in the case
of an increasing load on the roads in question, appropriate measures should be taken to
reduce the negative impact.

Table 14 summarizes the relevant data and compares the current state and the alter-
natives. Variant 2, after the implementation of corrective measures, would be the most
appropriate option. Although the total delay time was 9.7 h higher, it was the preferred
variant as the quality grades achieved more favorable results. Therefore, the condition of
the intersections was more balanced.

Table 14. Summary of achieved results.

c Current State New State Before New State After

2 Corrective Measures Corrective Measures

E oSV Delay Time Variant 1 Variant 2 Variant 1 Variant 2

& During the Delay Time Delay Time Delay Time Delay Time

= Day [Hours] QSV  Duringthe QSV  Duringthe QSV  Duringthe QSV  During the
Day [Hours] Day [Hours] Day [Hours] Day [Hours]

1 B 119.47 D 248.41 D 230.05 D 215.13 D 214.21

2 D 99.07 D 104.60 F 129.11 C 90.33 C 90.09

3 E 82.21 E 162.81 F 108.65 E 79.84 C 90.70

z - 300.75 - 515.82 - 467.81 - 385.30 - 395.00

However, these results show that even implementing corrective measures did not lead
to significant improvements at Intersection 1. Since this intersection has two entrances
and exits at nearly every entrance, introducing a turbo-roundabout could be considered a
potential solution [57,58].

Another corrective measure that could help, without altering the intersection’s design,
is to create a new public transportation service plan and make it more attractive to city
residents [59,60]. Enhancing the appeal of public transport can also contribute to reduced
emissions in the city, which in turn would improve the quality of life [61]

5. Conclusions

The first hypothesis, which was established at the beginning of the study and predicted
a significant worsening in the entire area, was confirmed. When comparing the total delay
time during the day, we observed an increase at each of the intersections, with the most
significant increase occurring at Intersection 1.

The second hypothesis assumed an improvement in the traffic situation after the
implementation of corrective measures. This hypothesis was also confirmed since we
observed improvement in both variants. However, the improvement was insufficient to
achieve values corresponding to the current state.

This study demonstrated how one-way road alignments impact traffic load at adjacent
signalized intersections, with simulations revealing significant worsening and subsequent
improvement after the implementation of adaptive measures such as dynamic signal
plans and main traffic flow coordination. The proposed practices, including intersection
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coordination and adaptive control, proved to be effective strategies that can bring cities a
20% to 65% reduction in traffic delays.

The results show that the traffic situation significantly worsened with the realignment
of the selected road. This deterioration can lead to driver frustration, which may nega-
tively influence road safety. Additionally, traffic collapse occurred without implementing
corrective measures, as summarized in Table 14. Since this means that traffic completely
stops, and vehicles are not moving or stopping frequently, we conclude that environmental
impact is also significant.

The corrective measures did not yield satisfactory results, particularly due to the
worsening at Intersection 1. Therefore, it is not recommended that the realignment of the
selected street be implemented.

The limitations of this paper primarily stem from the fact that the traffic survey was
conducted only at signal-controlled intersections. To obtain the most accurate data, it could
be beneficial to conduct traffic surveys at every intersection that vehicles pass through. One
of the limitations is also the fact that the traffic survey was only 13 h long. This duration
was chosen to represent traffic during the day. However, a 24 h long traffic survey could
potentially uncover more issues that need to be addressed.

Creating a simulation model like this can be useful for the cities deciding to realign
selected roads and are interested in the impact this decision would bring. Furthermore,
simulation models can also be used by project managers planning to build in urban areas.
In that case, simulation models could provide necessary information that might result in fi-
nancial savings. The results demonstrate the potential of measures such as adaptive control
plans and coordination of major traffic flows for specific traffic situations in urban areas.

The results of this study provide a useful resource for urban traffic planners and
policymakers to forecast and address the effects of road realignment. In addition, the
simulation model created can be used as a basis for future research focused on optimizing
traffic systems in different urban contexts, ultimately promoting sustainable and efficient
urban mobility solutions.

For future applications of this simulation model, we suggest expanding the simulation
model to cover a larger area or even the whole city. The only part that would need to be
changed is the number of vehicles, which means organizing new traffic surveys at these
intersections and also new ones that are located in extended areas.
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