Avrupa Bilim ve Teknoloji Dergisi European Journal of Science and Technology
Ozel Say1 44, S. 21-26, Aralik 2022 P, Special Issue 44, pp. 21-26, December 2022

© Telif hakki EJOSAT a aittir LAl Copyright © 2022 EJOSAT
Arastirma Makalesi www.ejosat.com ISSN:2148-2683 Research Article

Dynamic Traffic Signal Split Control Method at Pedestrian Crossings

Serap Ergiin'”

1 Isparta University of Applied Sciences, Faculty of Technology, Departmant of Computer Engineering, Isparta, Turkey, (ORCID: 0000-0003-2504-5101),
serapbakioglu@isparta.edu.tr

(6" International Symposium on Innovative Approaches in Smart Technologies (ISAS) 2022 — 8-10 December 2022)
(DOI: 10.31590/¢ejosat.1216804)

ATIF/REFERENCE: Ergiin, S. (2021). Dynamic Traffic Signal Split Control Method at Pedestrian Crossings. European Journal of
Science and Technology, (44), 21-26.

Abstract

In order to facilitate and guarantee the safety of vehicular traffic on roadways, traffic control is crucial. Currently, there is a lot of study
on how to effectively alter the control parameters of traffic lights for the aim of facilitating road traffic, but the observation targets of
such research are restricted to vehicles. Traffic congestion in urban areas is a severe issue. However, the interference between
automobiles and pedestrians creates the actual traffic, making pedestrians a vital aspect to take into account. In this article, we suggest
a strategy for parameter-based traffic signal split control that will increase pedestrian traffic by taking both vehicle and pedestrian traffic
into account.
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Yaya Gegcitlerinde Dinamik Trafik Sinyali Bolinmiis Kontrol Yontemi

Oz

Karayollarinda ara¢ trafiginin giivenligini saglamak ve kolaylastirmak icin trafik kontrolii ¢ok Onemlidir. Karayolu trafigini
kolaylastirmak amaciyla trafik igiklarinin kontrol parametrelerinin etkin bir sekilde nasil degistirilebilecegine dair bircok ¢alisma
mevcuttur, ancak bu tiir aragtirmalarin gézlem hedeflerinin temelini araglarolugturmaktadir. Kentsel alanlarda trafik sikigikligi ciddi bir
sorun olmakla birlikte, otomobiller ve yayalar arasindaki miidahale gercek trafigi olusturarak yayalarin da dikkate alinmasini gerektiren
hayati bir unsur haline gelir. Bu ¢alismada, hem ara¢ hem de yaya trafigini hesaba katarak yaya trafigini artiracak parametre tabanli
trafik sinyali ayrim kontrolii i¢in bir strateji 6nerilmistir.

Anahtar Kelimeler: Trafik sinyal kontrolii, yaya, SUMO, b&liinmiis kontrol yontemi.
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1. Introduction

There is a method called fixed period control, which operates
by selecting parameters set in advance. It has characteristics. A
centralized type of control is the traffic control center consolidates
sensor information and calculates area parameters based on that
information. However, since this method aims to control the entire
area, there remains the issue of responsiveness to dynamic and
sudden changes in traffic flow at individual intersections (Alegre
et al., 2021; Tomar et al., 2022).

On the other hand, a method has been proposed in which
signal control is autonomously decentralized so that it is possible
to quickly respond to changes in the conditions of individual
intersections (Malena et al., 2022; Tomar et al., 2022). This is a
system that changes traffic signal control parameters, and includes
optimization of traffic signal control using vibration
synchronization (Wang et al., 2021) and traffic signal control
using multi-agent reinforcement learning.

A traffic signal control method with higher responsiveness is
proposed by using autonomous decentralized traffic signal control
in which each traffic signal autonomously determines its control
parameters without going through the control center (Qu et al.,
2022) In this control method, a control agent is assigned to each
intersection, and each agent autonomously controls traffic signals.
In addition, after solving the problem that it is difficult to respond
quickly to the traffic conditions at individual intersections, the
system is developed in a complex road environment assuming real
space. It is proposed to apply the method at low cost.

On the other hand, in the method of controlling the traffic
signal parameters to alleviate traffic congestion, it is important to
consider pedestrians as well as vehicles (Han et al., 2022; Akyol
etal., 2019).

An intersection is formed by a roadway and a sidewalk, and
there is pedestrian traffic and vehicle traffic, and depending on the
situation, the traffic flow changes due to interference (Sun et al.,
2022).

In order to realize the application of control in a real
environment, the control aimed only at smoothing vehicle traffic
flow will increase the waiting time of pedestrians, and there will
be situations that are not optimal for pedestrians. Pedestrian
information is a factor that cannot be ignored (Artal-Villa and
Bazzan, 2021).

In this study, based on the split control method proposed by
Qu et al. (Qu et al., 2022), which achieved high responsiveness
through autonomous decentralization, we proposed a traffic signal
control method that considers pedestrian information in addition
to vehicle information. We aim to smooth pedestrian traffic flow
by improving the method.

The control parameters of traffic signals are appropriately
manipulated according to traffic conditions to facilitate smooth
traffic flow in this study. On the other hand, some studies have
attempted to improve this by controlling the parameters of traffic
signals, and have achieved certain results. Therefore, it is an
important issue in traffic signal control to appropriately change
the control parameters in response to such changes.
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2. Traffic Signal Control

Traffic signal control aims to control the parameters that
switch the “presentation” and to smooth the traffic flow around
the intersection or in the traffic network which represents right of
way (Tréchtler, 2022).

The main parameters (Han et al., 2022) that control the
appearance are the cycle length (the time it takes for the
appearance to cycle through blue, yellow, and red, and then turn
to blue again), the split (the ratio of green time for each
appearance within the intersection), and the offset (cycle start time
lag between intersections) are used.

Based on a given cycle length, split control sets the
percentage of green time to be allocated in consideration of
excessive traffic volume for each phase, improving the traffic
flow at intersections in the cycle.

In offset control, the distance between adjacent intersections
and traffic conditions are taken into consideration, and the cycle
start time is staggered in order to smooth traffic flow between
intersections.

In this study, among the three parameter controls mentioned
above, we focused on and examined the method of controlling the
split value.

3. Proposal method

The traffic signal control method proposed in this research
optimizes the entire network by determining the control
parameters of each traffic signal by means of autonomous agents
placed at individual intersections.

Each agent is independent for the whole network and uses
only the traffic information about the intersections that it manages
to autonomously control the traffic lights. In this research, we
focus on the split as a traffic light control parameter.

Each agent performs split control at the intersection they are
in charge of. The update formula for split control is based on the
spring model (Qu et al., 2022).

An agent placed at each intersection incorporates the traffic
volume of vehicles and pedestrians at the intersection it manages
into the spring balance equation, and calculates and controls the
split for the next cycle just before the end of one cycle. reflected
as a parameter.

By repeating this process every cycle, control is performed
over the entire simulation time.

In addition, each agent has information necessary for its own
control, such as various information held by its own intersection
(cycle length, split, current and corresponding direction, lane
information) and traffic information observed by sensors number
of vehicles, number of pedestrians) can be acquired.

3.1. Traffic

In this method, the split calculation is performed by
measuring the traffic volume @ at the intersection. Here, both the
vehicle traffic volume and the pedestrian traffic volume are
considered in the traffic volume, so each is defined separately.

For the traffic volume of vehicles, in addition to the amount
of vehicles flowing into the intersection, the number of remaining
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vehicles to be sorted is taken into consideration. In other words,
the traffic volume Q) of vehicles on the roadside is expressed
as follows and it represents the lane average of the number of
vehicles entering the roadway.

Q(n,v) = Q(n,in) + aQ(n,res) (1)

The Qnny term on the right side of Equation 1 is an
exponential function with o coefficient n as the base, and by
setting the condition of 1 to satisfy the condition of 1, it takes a
larger value as the number of remaining vehicles at the
intersection increases.

The first term on the right side of Equation 1, Qpin),
represents the lane average of the number of inflowing vehicles
on road n, and is the value obtained by dividing the total number
of inflowing vehicles on road 1, ;) by n and the number of lanes
on road n by nygpe-

The second term on the right side of Equation 1 is an
exponential function with the coefficient a as the base. By setting
the condition & > 1, the larger the number of remaining vehicles
at the intersection, the larger the value.

For the exponential jump, Qinres), the value obtained by
dividing the total number of remaining vehicles n, .5y on road n
by the number of lanes is used.

For pedestrian traffic volume, we consider the number of
pedestrians crossing the crosswalk at the intersection.
Specifically, we adopt the number of pedestrians on the crosswalk
Qm,cross) observed at a specific timing in the scenario where the
crosswalk nail is passable. Here, we assume that there are no
pedestrians who cannot cross the crosswalk even in congested
pedestrian traffic conditions, and do not introduce the concept of
stray vehicles. Pedestrian traffic is counted simply as the number
of people passing through the crosswalk.

3.2. Split calculation

Figure 1 shows a schematic diagram of the spring model at a
two-indication intersection used in this method. At the two-
indication intersection, a spring model in which two springs are
connected is assumed as in the case of the number of indications.
Let SPLIT1 and SPLIT?2 be the split values of the first and second
presentations.

SPUT2

SPLIT2

Figure 1. Schematic of the split model at the intersections

In the case of Figure 1, the direction of pedestrians A — B
corresponds to the first phase, and the direction of C — D
corresponds to the second phase. As for the sidewalk, A’ and B’
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correspond to the first appearance, and €’ and D’ correspond to
the second appearance. The arrows extending from the connecting
part of the two springs represent the force exerted by the spring
due to SPLIT1, the force exerted by the spring due to SPLIT2, and
the external force, respectively. These interactions form a state of
equilibrium similar to that of a physical spring.

Here, the external force on the mane is defined as the
difference D between the traffic volumes in the east-west
direction and the north-south direction. This traffic volume
difference D is expressed using the traffic volume Q defined in
Section 3.1. Specifically, when the vehicle traffic volume
difference is D,, this is the difference between the maximum east-
west traffic volume max(Q4yv) Q) and the north-south
maximum traffic volume max(Qc,), Q(p,v)) It is defined as the
value divided by the sum. Note that {4, B} and {C, D} represent
the roads to which the right of way is given to the first and second
manifestations, respectively. The pedestrian traffic volume
difference D, is also defined in the same way.

The traffic volume difference D is defined as the force acting
on the spring from the outside. It is expressed as when the constant
isK:

x== )

2K

The split ratios SPLIT1 and SPLIT2 are calculated by adding
and subtracting the value of the displacement X to the natural
length of the spring while balancing so that the sum is kept at 1.
In addition, the external force can be divided into vehicle force D,
and pedestrian force D,, calculated by the difference D.

Here, we introduce a coefficient that expresses the degree of
consideration of pedestrians in control, and use the traffic volume
difference D as

D =D, +1D, 3)

Note that when the value of the coefficient is 0, it is consistent
with Ohno's control [Ohno 20], which does not consider
pedestrian information at all.

4. Evaluation experiment

4.1 Experiment environment

In this experiment, a traffic simulator SUMO (Simulation of
Urban MObility) is used. SUMO is open source developed by the
German Aerospace Center. It is a micro-traffic simulator, and its
main functions are the acceleration and speed of vehicles and
pedestrians, 'driving route setting and road shape', 'traffic signal
placement’, and his parameter control of traffic lights.
Furthermore, with a dedicated API called Traci, various
information in the simulation space can be acquired in detail (Koti
and Kakkasageri, 2021; Mathiane et al., 2022).

In addition, in this study, a radio wave radar, which is
assumed to be used to acquire information on the roadway in the
demonstration experiment, and an observation camera, which is
assumed to be used to acquire information on the sidewalk, are
used. Based on the settings in SUMO, information is acquired on
SUMO.

The radio wave radar assumed in this study can acquire
vehicle speed, vehicle position, and vehicle length as traffic
information within a range of approximately 150 m from each
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intersection. The observation range is the entire crosswalk at each
intersection, and the number of pedestrians crossing the crosswalk
at a specific timing can be obtained.

Based on the above assumptions, only this information is
handled in the simulation space when conducting experiments.

4.2 Experimental setup

In this experimental environment, we used a 5x6 road
network configured on SUMO to verify the effectiveness of the
split control based on the spring model that considers pedestrian
information, as described in Section 3. External view of the
experimental environment is shown in Figure 2. The simulation
period is 14400 steps, and the cycle length at each intersection is
fixed at 100 steps. The basic settings of the experiment are shown
in Table 1. Note that the unit of time on SUMO is step, and 1 step
corresponds to 1 second in real time. Table 2 shows the various
settings of vehicles and pedestrians in the simulation, and Tables
3 and 4 show the inflow patterns of vehicles and pedestrians used
in the experiment.

Figure 2. Network outside view

Table 1. Experimental settings

Table 4. Pedestrian inflow pattern from each inflow route

time East [units/h] East North-
[units/h] South
[units/h]
0~3600 500 1500 1500
0~7200 500 1500 1200
0~10800 500 1500 900
0~14400 500 1500 600

For the inflow pattern of both vehicles and pedestrians, the
flow rate is changed every 3600 steps, dividing the experimental
period into four. Regarding the inflow of vehicles, the main traffic
flow is set to the east-west direction, and the inflow from the east
direction is reduced over time. It is set perpendicular to the
vehicle. In addition, in this experiment, the value of the weighting
factor 1, which indicates the degree of consideration of pedestrian
information, is varied in detail, and the time loss of vehicles and
pedestrians at each stage is analyzed. 1, and a control experiment
is performed when this interval is varied by a width of 0.1. In
addition, in order to evaluate the effectiveness of the proposed
method in this experiment, static control with a fixed split ratio
and Ohno's control [Ohno 20], which does not consider
pedestrians, were used as comparison methods.

4.3 Experimental results

Figures 3 and 4 show the average time loss of pedestrians and
the average time loss of vehicles in the experiment.

Seeting items Set value

Cycle length

100 steps

Simulation period

14400 steps

Comparision method

Static method

Coefficient

0 to 1 (changes in 0.1 range)

Evaluation index

Average loss

Table 2. Various settings for vehicles and pedestrians

time Vehicle Pedestrian

Size 4.3 m 0.215m
Maximum speed 180 km/h 5.4 km/h
Passing priority low high

Table 3. Vehicle inflow pattern from each inflow route
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time East [units/h] East North-
[units/h] South
[units/h]
0~3600 1800 2100 500
0~7200 1500 2100 500
0~10800 1200 2100 500
0~14400 900 2100 500
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Figure 4. Vehicle average loss comparison

The results of control using a spring model that does not
consider pedestrian information (1 = 0), control results using a
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spring model that considers pedestrian information (1 = 1.0),
and control results using static control (periodic) are shown.
Primarily, both with and without consideration of pedestrians it
can be seen that the average loss time is greatly reduced compared
to static control. Also, it can be seen that control that considers
pedestrian information has the effect of reducing the average lost
time of pedestrians and increasing the average lost time of
vehicles.

Figure 5 shows the comparison of the cumulative vehicle loss
time and pedestrian cumulative loss time in the experiment. The
vertical axis represents the average time loss of pedestrians. As
the value of the coefficient indicating the degree of consideration
of pedestrians is changed, the lost time of pedestrians
decreases/increases, and conversely, the lost time of vehicles
increases/decreases. It can be understood that there is a trade-off
relationship.
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27 28 29 30 31 32
vehicle timeloss[s] 1le7

Figure 5. Comparison of vehicle cumulative loss and
pedestrian loss

4.4 Inspection

Pedestrian traffic flow in the simulation is improved by
control that considered pedestrian information, and the
effectiveness of the proposed method that introduced pedestrian
information into control based on a spring model is demonstrated.

On the other hand, it is also confirmed that the average loss
of vehicles increased in inverse proportion as the average loss of
pedestrians is reduced by increasing the degree of consideration
of pedestrian information. This is thought to be due to the trade-
off relationship between vehicles and pedestrians in determining
the split ratio in signal control.

In addition, the average loss is improved compared to static
control, regardless of whether pedestrians are considered or not.
This is based on the premise that the spring model, which is
flexible control for changes in traffic flow, has an average loss
improvement effect compared to static control, and even if this
effect is distributed to vehicles and pedestrians. It is considered
that it does not fall below the static control.

The experimental results showed the trade-off between the
lost time of vehicles and pedestrians, but if we want to calculate
the optimal value of the coefficient that expresses the degree of
consideration of pedestrians, we should consider the ratio of the
value of vehicles and pedestrians. It is considered necessary to do
so. For example, if the average number of people in a vehicle is
2, the value of the vehicle is simply determined as twice the value
of the pedestrian. However, it is generally difficult to establish
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quantitative criteria for the value of vehicles and pedestrians. It is
thought that it is necessary to take into consideration what kind of
vehicles pass by depending on the road environment.

5. Conclusions and Future Outlooks

In this study, we proposed a traffic signal control method
using a spring model that considers pedestrian information. We
also confirmed that there is a trade-off between improving the
traffic flow of pedestrians and vehicles.

As a future topic, when considering actual application as a
signal control method, it is necessary to establish a more
applicable control system that includes cycle length and offset as
control parameters. It needs to be improved so that it can be
applied to complex shapes existing in the environment.

In addition, we are preparing to conduct a demonstration
experiment, and we would like to continue our research so that
the method will be more suitable for operation in a real
environment.
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