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Abstract

Due to the instability and heterogeneity of the traffic flow, the regular traffic warning time creates
certain problems in the movement of cars, and sometimes leads to congestion on the road network.
In this regard, there is a need to improve the traffic light control system in order to reduce travel time
while increasing network bandwidth. However, the optimization of this control system in conditions
of unstable traffic flows is facilitated by the use of fuzzy logic.

This work is aimed at improving the process of traffic control system based on fuzzy logic.
The model of this control system was developed based on the Mamdani algorithm, and the Matlab
program was used with the Fuzzy Logic Toolbox, which includes the necessary components. Using a
fuzzy algorithm will avoid delays and traffic jams at the intersection.
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Introduction

With the improvement of the living conditions of our people, the number of cars on the roads
of the country is increasing. Due to the increase in the number of vehicles, it is necessary to further
improve the work ongoing in the field of ensuring road safety and regulating traffic flows.

In the theory of traffic flows, the existing problems have been carefully studied and analyzed
in detail by scientists in the field of physics and mathematics. Despite the extensive experience
in studying the traffic flow, they belong to the group of insufficiently studied (I'acamkoB, Knenos,
Hypmuncknii, Xononos, [llampaii, 2010). Thus, various issues related to traffic flow modeling are
considered relevant and up-to-date.

After studying some intersections of the road system the goal of improving the efficiency of
regulating the relationship between traffic volume and green signal time was considered. The time
constancy of green and red signals per cycle in an ordinary traffic light causes some problems in the
movement of cars and is one of the causes of traffic jams at rush hour. Therefore, the use of fuzzy
logic can prevent such situations from occurring. A fuzzy logic traffic light is a system in which the
cycle time remains constant (it can vary depending on traffic conditions), but the green time changes
cyclically depending on the number of vehicles approaching the intersection.

This work deals with building a traffic light model with fuzzy logic. To solve the problem,
the MATLAB program (Alam, Pandey, 2014) was used, which includes the Fuzzy Logic Toolbox
extension is necessary for a fuzzy traffic light model™.

* Hydyrov R.B. e-mail: hyd.row@yandex.ru

*k https://www.mathworks.com/products/fuzzy-logic.html
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A special place is occupied by research works (Alam, Pandey, 2014; Castan Rocha, Ibarra
Martinez, Laria Menchaca, Teran Villanueva, TrevifioBerrones, Pérez Cobos, Uribe Agundis,
2018, Chiu, 1992; Martin McNeill, Ellen Thro, 1994; Nakatsuyama., Nagahashi, Nishizuka, 1984;
Niittymaki, Pursula, 2000; Pappis, Mamdani, 1977; Shruthi, Vinodha, 2012) in the field of traffic light
control systems. The first attempt to design a fuzzy traffic controller was made in the 70s by Pappis
and Mamdani (Pappis, Mamdani, 1977). After that, Niittimaki, Kikuchi, Chui and other researchers
(Chiu, 1992) developed various algorithms and logical controllers for traffic flow normalization.
Kelsey R. and Bisset K. also developed a simulator for signal management at an isolated single
lane intersection. The same work was done by Niittimaki and Pursula (Niittymaki, Pursula, 2000).
They saw that the fuzzy controller reduced vehicle latency in heavy traffic. Niittimaki and Kikuchi
developed an algorithm based on fuzzy logic for pedestrians crossing the road.

Nakatsuyama, Nagahashi, and Nishizuka (Nakatsuyama, Nagahashi, Nishizuka, 1984) applied
fuzzy logic to control two adjacent intersections on a one-way highway. Fuzzy control rules were
developed to determine whether to extend or terminate the green signal at an intersection. Chui was
the first to use fuzzy logic to control traffic at multiple intersections (Chiu, 1992). In this attempt, only
two-way streets were evaluated, without taking into account any turns.

Shruti K.R. and Vinodha K. (Shruthi, Vinodha, 2012) published the article «Priority Based Traffic
Light Controller Using Wireless Sensor Networks». In this study, two intersections were considered,
and particular importance was attached to the use of wireless detectors to optimize the movement of
ambulances. Sensors should be installed at a distance from intersections to detect the speed and sound
wave of the ambulance siren. These sensors communicate wirelessly with the traffic control system
at two intersections, realizing the routes of cars.

According to (Castan Rocha, Ibarra Martinez, Laria Menchaca, Teran Villanueva, Treviio
Berrones, Pérez Cobos, Uribe Agundis, 2018), possible changes in the duration of the green signal
of a traffic light at an isolated intersection with four lanes are considered using a system of fuzzy
inferences. A Mamdani model is proposed with five input variables, such as:

1. The number of incoming vehicles on each line of the road.

2. Green light time assigned to the traffic light depending on the previous phases.

3. Real day time.

4. The type of road that the traffic light should control.

5. The state of motion at the time of the decision on the system of fuzzy inferences.

Each of these input variables is represented by a trapezoidal membership function.

Despite all theresearch conducted on modeling, simulation and optimization of traffic flows (Alam,
Pandey, 2014; Castan Rocha, Ibarra Martinez, Laria Menchaca, Teran Villanueva, TrevifioBerrones,
Pérez Cobos, Uribe Agundis, 2018; John Taplin, 1999; Richard Fujimoto, John Leonard, 2001; Tony
Smaldone, 2002), most fuzzy logic models in road engineering are still under development and can
be used in detecting traffic light signals (Yun-Chung Chung, Jung-Ming Wang, Sei-Wang Chen,
2002), predicting the traffic situation (Heribert Kirschfink, Claire Chadenas, 1998), routing vehicles
(Junaid, Khan, Hussein Alnuweiri, 2002), traffic distribution (Henry, Liu, Xuegang Ban, Bin Ran,
PituMirchandani, 2002), increasing the degree of usefulness (Hiroaki Inokuchi, Shogo Kawakami,
2000) and demonstrating a group model of the volume of traffic (Mariusz Kaczmarek, 1999), but less
used to control traffic lights (Yetis Sazi Murat, Ergun Gedizlioglu, 2001).

Purpose and method of research. The purpose of this study is to find a more optimal solution to
the problem of traffic flow management using modern intelligent technologies. The solution provides
for all possible indicators that affect the capacity of regulated intersections. The method for designing
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adaptive control systems for a crossroads traffic light used a fuzzy logic tool available in MATLAB
and a Mamdani fuzzy model applied to investigate the performance of a traffic light controller
based on various traffic characteristics such as waiting time, density, etc. During the study, scientific
publications of foreign authors were studied, as well as the functionality of the software.

Fuzzy control system. According to the Mamdani algorithm, it is first necessary to determine
the input and output linguistic variables to form the rule base of fuzzy inference systems (JIeoneHkos,
2005). Since the efficiency of a traffic light depends on the number of cars on the two streets and the
green light time per cycle, we get three input and one output linguistic variables for a traffic light
control model with fuzzy logic, which is: green time B, — «green time»; the number of cars on the
north street at the end of the next cycle B, — «the number of cars on the north street»; the number of
cars on the east street at the end of the next cycle 3, — «the number of cars on the east street» and the
variable green time of the fuzzy traffic light B, — the «variable green light time».

As a term-set of the first input linguistic variable, we will use the set T, = {«small», «mediumy,
«large»}; term-sets of the second and third input linguistic variables will use the set T, ={«very
small», «small», «mediumy, «large», «very large» }; T, ={«very small», «<small», «<medium», «large»,
«very large»}. As a term-set of the output linguistic variable, we will use the set T, = {«decrease”,
«unchanged», «increase»}.

Depending on the term-set of input and output linguistic variables, 75 rule bases of fuzzy
inference systems for the traffic light control system are defined. Five rules were given as examples™

1. If (B, is large) and (B, is very small) and (B, is large) then (B, is decrease);

If (B, is large) and (B, is small) and (B, is large) then (B, is decrease);

If (B, is large) and (B, is very small) and (B, is large) then (B, is decrease);
If (B, is average) and (B, is more) and (B, is more) then (B, is unchanged,
If (B, is small) and (B, is larger) and (B, is small) then (B, is increase).

Varlable values — B, (Figure I): small - [0 0 20 25], (10-25 sec); medium —[20 25 35 40], (2040
sec); large — [35 40 50 50], (35-50 sec).

TIPS
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Figure 1. Membership function of the first input variable

The degree of membership of term values is determined by membership functions, the
corresponding function of the first input linguistic variable has the shape of a trapezoid and, in the
general case, can be specified analytically by the following expression (JIeonenkos, 2005):

* https://fuzzymodel.wordpress.com/ceetodop/
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0, x<a
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Where a, b, ¢, d are arbitrary values and ordered by the relation a<b<c<d.
Therefore, the other two B, and [, variables are (Figure 2): very small — [0 0 10 20], (0-20);
small —[10 20 30 40], (10-40); medium — [30 40 50 60], (30-60); large — [50 60 70 80], (50-80); very

large — [70 80 90 90], (70-90).
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Figure 2. Membership function of the second and third input variables

Where the membership functions of the second and third input linguistic variables have the form
of a trapezoid and are analytically expressed by the formula (1).

The essence of the traffic light is to change the time of the green signal. We take the value of this
change as an output parameter and the conditions for this case (Figure 3) (Bentuens, 1969): decrease
—[8,5-20], (— 20-0 sec); unchanged — [8.5 0], (— 15—15 sec); increase — [8.5 20], (0-20 sec).
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Figure 3. The membership function of the output variable

The membership functions are Gaussian and are analytically expressed as (Jleonenkos, 2005):
—(x—c)z
p 2
f(x;d,c):e 20 @)

Where ¢ and ¢ — numerical parameters
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After executing the rule base and fuzzifying the Mamdani fuzzy inference system, the program
performs the following steps in the following sequence (JIeonenkos, 2005).
Activation in fuzzy inference systems is performed by the following formula:

W' (v)=min{c, u(y)}. (3)

where L(y) is the term membership function.
Collection and accumulation in fuzzy inference systems is determined by the following formula:

Hp (x)=maX{HA (x), s (x)} 4)

Where p, (x) and p(x) are the membership function of the set A and B.
Defuzzification of output variables is performed in the following three ways (JIeonenkos, 2005):
Center of gravity method:
Max

J.M, xu (x) dx
y = Max d . (5)
-[Min‘u (x) *
where y is the result of defuzzification; x is a variable corresponding to the output linguistic variable
; W(x) — fuzzy set membership function.

Center of gravity method for one-point sets:

_ Z;xi,u (xi)

n ' (6)
i=1‘u (xi)
where n is the number of one-point fuzzy sets
Square center method:
u Max
A}[ny(x)dx: ;[,u(x)dx. e

Defuzzification is the end of the algorithm.

As an example (Fig. 4), the input linguistic variables of the fuzzy logic signal controller are:
B, = 40 — green warning time; B, = 30 is the number of cars on the northern street; 8, = 80 is the
number of cars on the east street. Based on these variables Fig. 4 shows the results of calculations. In
this case, the fuzzy output will be B, =— 13,3 s, whereas the green warning time will be 26,7 s.

The principle of operation of a traffic light with fuzzy logic: a traffic light collects information
about the number of cars using sensors on the north and south streets. It converts the data into a fuzzy
form according to the specified membership functions, and then processes them in the software, and
the resulting green signal time change value is defuzzied (translated into a clear form) and sent to

the traffic signal controller. According to this signal, the green signal time in the next cycle will be
different.
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Figure 4. The rules base in the graphical interface after performing the fuzzy result operation

Result. Depending on the time of the green signal, the number of vehicles on the northern and
eastern streets and the variable time of the green signal (this rule will increase depending on the
complexity of the intersection and the intensity of traffic flow or may be reduced), 75 fuzzy inference
rule bases were determined, and a fuzzy traffic light model was developed according to the Mamdani
algorithm.

Some vehicles manage to pass during the green signal, while others wait at the intersection for
the red signal to end. After one cycle, all cars at the front of the line are considered unserved. This
indicator is the efficiency of the system and represents the average number of unattended vehicles
diring a given number of cycles. Thus, an automated method of fuzzy logic was chosen to reduce the
efficiency of the system and regulate traffic flows.
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