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Abstract: This study presents design of traffic light system with feedback control that 

considers a crossroad in an urban area. Two types of controllers are designed – fuzzy 

and analytical, which have been tested separately on Aimsun platform through a 

simulation. The aim of the study is to compare the performance of both controllers in 

terms of increasing traffic flow and decreasing queue length. The controllers manage 

the duration of the green light according to the traffic flow. Two different formal 

models are designed, tested, and compared. They have produced adequate solutions 

in terms of developing controllers for modeling and simulation of transportation 

tasks. 
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1. Introduction 

Traffic in the urban environment is mainly controlled by the cycle lengths, green 

durations, and phases of traffic lights [1]. These three control mechanisms can be part 

of an optimization problem and respectively optimization functions that optimize 

traffic flows, queues in front of traffic lights, delays, and other traffic indicators. 

Depending on the urban setting traffic lights may have a significant role in control of 

traffic. The city area has points of interest with great density: buildings, offices, 

shopping centers, kindergartens, schools, etc. In the investigated urban areas, the 

proper optimization of traffic lights’ settings may lead to additional benefits such as 

less air pollution. 

The optimization of traffic lights for the investigated urban area has been 

performed through different approaches including bi-level optimization, classical 

optimization, and numerical approach for optimization [2-6]. 

The selected approach for solving the problem is using a fuzzy logic-based 

controller as the problem has stochastic characteristics, and uncertainties and is 

dealing with changes in the traffic flow [7-13].  
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The goal of this study is to develop an intelligent approach leading to decreasing 

the queue lengths at intersections in order to improve traffic behavior. To achieve this 

goal several tasks must be fulfilled: to design and compare two types of controllers, 

simulate and separately test them, with the purpose of controlling urban traffic plan. 

In this study, the basic idea is to apply different control impacts on the subject (in our 

case the transport intersection) depending on the changing traffic dynamics reflected 

by the system feedback and introduced as input to the controller.  

The emphasis of the research is integration between principles of the control theory, 

intelligent methods for traffic light management, modeling, and computer 

simulations. 

2. Overview of intelligent traffic light control 

Intelligent Traffic Light Control (ITLC) utilizes information technologies and 

intelligent algorithms for solving optimization problems related to traffic light control 

of a single intersection or a network of intersections. Such intelligent algorithms are 

fuzzy logic, evolutionary algorithms, reinforcement learning, etc, [14, 15]. ITLC is 

part of Intelligent Transportation Systems (ITS) which is a broader term including in-

car safety systems, simulation of infrastructure changes, and optimization of 

transport, smart infrastructure, and other transportation-related applications of 

information technology. With the rise of the capabilities of information technologies 

and computational power, the interest in ITS and ITLC is increasing on behalf of 

governments and companies.   

As the optimization of traffic lights is a complex problem, there is no obvious 

solution even when only one intersection is considered. Respectively, if there are 

several intersections involved, the problem is more complex. Moreover, a 

considerable complication and characteristic of traffic, in general, is its stochastic 

nature as well as unpredicted events such as accidents and predicted events such as 

roadwork. Thus, different approaches are investigated and the problem with traffic 

light control remains a current issue with even more complications in regard to human 

health, environmental pollution, and the economy.  

The present study investigates the fuzzy approach to ITLC. Research in this 

direction has been conducted worldwide in the past and present. More recent research 

in the field is done in [1] and [16]. Both studies reveal improved results of the fuzzy 

approach in comparison to traditional traffic light control strategies such as fixed 

traffic light control. 

This difference is a prerequisite for different results and additional conclusions 

about the use of fuzzy logic for the purpose of traffic control. 

3. Description of the problem 

The paper presents traffic control modeling of one crossroad in an urban area in Sofia, 

Bulgaria with three input flows (three sections) and two outputs (duration of the green 

light for each section). The simulation environment is the Aimsun platform for 

transportation tasks [17].  
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Fig. 1 presents the studied crossroad with the three inputs – x1, x2 and x3. 

 
Fig. 1. Crossroad with three inputs  

 

In this case, x1 presents the main road and it uses separated green light duration 

u1, while x2 and x3 use the same green light duration u2. The simulation is implemented 

by setting the control variables u1 and u2, which represent the outputs of using two 

types of controllers at the same initial traffic flow values. 

4. Proposed methods of the research 

This research presents a design of a traffic light system with feedback control, where 

the control subject is the urban traffic passing through an intersection. The 

experiment targets the evaluation of traffic light plans for five hours during a day and 

the duration of the plan is one hour. Two types of controllers have been designed – 

fuzzy and analytical in order to reflect the stochastic traffic nature. These two types 

of controllers have been tested separately on the Aimsun platform through a 

simulation.  

The idea behind the study is to use the Aimsun software environment to compare 

the two controllers. The implemented methods are: an initial number of vehicles for 

three sections of one intersection is given to the controller as three inputs (x1, x2, x3). 

In the case of the fuzzy controller, the duration of the green light of the main road is 

given as an output (u1), whereas the duration of the green light for the crossing roads 

(u2) is calculated as a difference between the cycle duration (equal to 100 s) and the 

output u1. In the case of the analytical controller, two equations are solved to define 

the duration of u1 and u2 based on the three inputs (x1, x2, x3). The analytical controller 

is designed under the assumption that the ratio between the green light durations for 

the two sections (u1 for Section 1, and u2 for Section 2) is equal to the ratio between 

the traffic flows of the two sections. The outputs of the Controller (u1 and u2) become 

inputs for the Junction (simulation in Aimsun environment) and define the traffic 

control settings. After simulating the traffic flow of the intersection for the duration 

of one hour, the new traffic flow values have been calculated. These values are 

entered as inputs for the controller. The process of tuning the controllers and 

simulation in the Aimsun platform continues until the values of the controllers have 

been established.  

The traffic light system with feedback control, including a controller (fuzzy or 

analytical) and control subject/Junction (Aimsun simulation platform) is presented in 

Fig. 2.  



 182 

 
Fig. 2. Traffic light system with feedback control 

Here: r1, r2, r3 are the number, of cars from the urban network. In this case, we 

accept them for 0, because we described the ideal case without any other cars from 

the network; x1, x2, and x3 are the initial number, of cars for the three inputs; u1 and u2 

are the outputs of the controller measured in seconds; y1, y2, y3 are the simulated 

number, of cars in Aimsun environment. They represent the outputs of the junction. 

The two controllers have been designed and described further in this section. 

4.1. Fuzzy controller design 

The novelty in the current paper, as part of a series of experiments dedicated to the 

use of fuzzy logic for traffic control, is the use of three inputs, each with two linguistic 

values. The total number of rules that are based on expert knowledge is eight. The 

number of rules is defined by the inputs and linguistic values according to the fuzzy 

rules definition. 

The fuzzy controller is designed as Fuzzy Mamdani System using MATLAB 

fuzzy toolbox [18]. The system consists of three inputs and one output. 

Section 2 is calculated as the difference between the fixed duration of the full 

cycle of the green light and the duration of u1. In this case, the fixed duration of the 

full cycle of the green light is 100 s and the following equation holds: 

(1)  u1 + u2 = 100. 

A triangular membership function is presented for modeling the fuzzy system 

with three inputs and one output. 

 
Fig. 3. Mamdani fuzzy system with three inputs, one output, and eight fuzzy rules 
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The inputs of the fuzzy controller are designed with two linguistic values for the 

different number of vehicles per hour. 

The output (greenlight1) from the fuzzy controller consists of five linguistic 

values in Fig. 3. 

The following heuristic fuzzy rules, which are based on expert knowledge, are: 

1. If (the numbercars1 is short) (the numbercars2 is short) and (the numbercars3 

is short), then (the greenlight1) is average.  

2. If (the numbercars1 is short) (the numbercars2 is short) and (the numbercars3 

is long) then (the greenlight1 is short).  

3. If (the numbercars1 is short) (the numbercars2 is long) and (the numbercars3 

is  short) then (the greenlight1 is short).  

4. If (the numbercars1 is short) (the numbercars2 is long) and (the numbercars3 

is long) then (the greenlight1 is very short).  

5. If (the numbercars1) is long, (the numbercars2) is short, and (the 

numbercars3) is short, then the (greenlight1) is very long.  

6. If (the numbercars1 is long) (the numbercars2 is short) and (the numbercars3 

is long) then (the greenlight1 is long).  

7. If (the numbercars1 is long) (the numbercars2 is long), and (the numbercars3 

is short) then (the greenlight1 is long).  

8. If (the numbercars1 is long) (the numbercars2 is long), and (the numbercars3 

is long) then (the greenlight1 is average).  

It is follows the explanation of the fuzzy rules and MATLAB program using 

fuzzy toolbox. 

The developed MATLAB program for the fuzzy controller uses triangular 

membership functions.  

For all inputs, there are developed two membership functions, because it uses 

two-degree fuzzy logic named the program “short” and “long”. 

For the first input x1 named “numbercars1” the range is between 0 and 1000 

cars, where the membership function “short” takes values [0 0 500] and the 

membership function “long” takes values [0 500 1000].  

Analogically for the second input x2 called “numbercars2”, the range is between 

[0 870] cars. For the second input membership function “short” is described as  

[0 0 435] and membership function “long” is described as [0 435 870]. 

Analogically for the third input x3 called “numbercars3”, the range is between 

[0 250] cars. For the third input the membership function “short” is described as  

[0 0 125] and the membership function “long” is described as [0 125 250]. 

The first output is developed as five-degree logic and describes the green light 

for the first output named “greenlight1” measured in seconds. The range is between 

0 and 100 s for the output.  

There are developed five membership functions in MATLAB program 

respectively “very short” with the range [0 0 25], “short” with the range [0 25 50], 

“average” with the range [25 50 75], “long” with the range [50 75 100] and “very 

long” with the range [75 100 100]. 

Figs 4-6 show the surfaces of the fuzzy controller in 3D format as a function of 

the two inputs and the output.  
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Fig. 4. Surface of fuzzy controller with input1 and input2 and the output 

 

 
Fig. 5. Surface of fuzzy controller with input1 and input3 and the output 

 

 
Fig. 6. Surface of fuzzy controller with input2 and input3 and the output 
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4.2. Analytical controller design 

The analytical controller is designed analytically under the assumption that the ratio 

between the green light durations for the two sections u1 for Section 1 and u2 for 

Section 2. However, the presentation format used in this section shows the way in 

which the system of algebraic equations could be solved, i.e., by replacing u2 in the 

next equation from Equation (3), 

(2)  x1/(x2 + x3) = u1/u2, 

(3)  u1 + u2 =100, 

where x1, x2, and x3 are the inputs measured in a number of cars for the analytical 

controller and u1 and u2 are the outputs measured as greenlight in seconds for the 

analytical controller.  

The two controllers have equal initial inputs (number of cars), for the fuzzy 

controller (Table 1) and for the Analytical controller (Table 3). 

5. Results and discussion 

Table 1 presents the traffic flow for the fuzzy controller in regard to traffic flow 

measured in vehicles per hour. The first column presents the number of iterations. 

Under iteration is considered a control cycle which has a duration of one hour of 

simulation. The columns with x1, x2, and x3 present the inputs, measured in the number 

of cars. The last two columns u1 and u2 present the outputs. Output1 (u1) is for the 

main road with higher traffic flow and output2 (u2) is for the crossing road. 

The last two rows of Table 1 and Table 3 present sums of all iterations/control 

cycles of the traffic flow. 

Table 1. Traffic flow for fuzzy controller 

Number of 

iterations 

x1 – input1, 

numbercars 

x2 – input2, 

numbercars 

x3 – input3, 

numbercars 

u1 – output1, 

s 

u2 – output2, 

s 

1 1000 870 250 50 50 

2 964 872 250 41 59 

3 960 872 250 41 59 

4 960 872 250 41 59 

x1, x2+x3 3884 4486   

x1+x2+x3 8370   

Table 2 presents the mean queue per section (z1, z, z3) for the fuzzy controller. 

The first column presents the iterations. The next three columns present the values of 

the mean queue for each approach. The fifth column presents the mean queue of the 

three approaches (sections). Output1 and output2 present the duration of the green 

light for the main road and the crossing road. 

The last two rows of Table 2 and Table 4 present sums of all iterations/control 

cycles of the mean queue length. 

Table 3 presents the traffic flow for the analytical controller in regard to traffic 

flow measured in vehicles per hour. The first three columns present the approaches – 

x1, x2, x3. The last two columns u1 and u2 present the duration of green light for the 

main road and the crossing road. 
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Table 2. Mean queue per section Fuzzy controller 
Number 

of 

iterations 

z1 – input1, 

mean queue 

z2 – input2, 

mean queue 

z3 – input3, 

mean queue 

Mean value, 

mean queue 

u1 – output1, green 

light for Section 1,  

s 

u2 – output2, green 

light for Section 2, 

s 

1-2 1.54 1.76 0.51 1.270 50 50 

2-3 2.10 1.41 0.35 1.286 41 59 

3-4 2.10 1.41 0.35 1.286 41 59 

z1, z2+z3 5.74 5.79    

z1+z2+z3 11.53    

 

Table 3. Traffic flow for Analytical controller 

Number of 

iterations 

x1 – input1, 

numbercars 

x2 – input2, 

numbercars 

x3 – input3, 

numbercars 

u1 – output1, 

green light for 

Section 1, s 

u2 – output2, 

green light for 

Section 2, s 

1 1000 870 250 47 53 

2 962 872 250 46 54 

3 960 872 250 46 54 

4 960 872 250 46 54 

x1, x2+x3 3882 4486   

x1+x2+x3 8368   

Table 4 presents the mean queue length for the analytical controller, measured 

in vehicles. The first column presents the iterations, The following three columns 

present the queue for each approach. The fifth column presents the mean value for 

the three approaches. The last two columns present the duration of the green light for 

the main road and the crossing road. 

Table 4. Mean queue per section analytical controller 

Number of 

iterations 

z1 – input1, 

mean queue 

z2 – input2, 

mean queue 

z3 – input3, 

mean queue 

Mean value, 

mean queue 

u1 – output1, green 

light for Section 1, s 

u2 – output2, green 

light for Section 2, s 

1-2 1.70 1.66 0.46 1.273 47 53 

2-3 1.80 1.60 0.43 1.276 46 54 

3-4 1.80 1.60 0.43 1.276 46 54 

z1, z2+z3 5.3 6.18    

z1+z2+z3 11.48    

 

 
Fig. 7. Fuzzy controller – mean queue 

 

Figs 7 and 8 present the mean queue for the fuzzy and analytical controllers, 

respectively. The x axis presents the iterations/control cycles and the y axis presents 
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the values in number of vehicles for the main road z1) and the crossing road (z2 + z3). 

The values are presented in Table 2 and Table 4. 

 

 
Fig. 8. Analytical controller – mean queue 

 

Figs 9 and 10 present the traffic flow for the fuzzy and the analytical controllers, 

respectively. The traffic flow on both figures is presented on the y axis and is 

measured in vehicles per hour. The x axis on both figures presents the 

iterations/control cycles. The solid line presents the traffic flow for the main road (x1) 

and the dashed line presents the crossing road, which is a sum of the two approaches 

(– x2 and x3). The values are presented in Table 1 and Table 3. 

 

 
Fig. 9. Fuzzy controller – flow 
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Fig. 10. Analytical controller – flow 

 

Figs 11 and 12 present another representation of the mean queue and traffic flow 

for the fuzzy and the analytical controller where the overall performance of both 

controllers is more visible.  

Fig. 11 presents a comparison between the fuzzy and the analytical controller in 

regard to the mean queue. It is visible from Fig. 11 that the fuzzy controller has a 

slightly higher mean queue. Thus, in terms of mean queue, the analytical controller 

performs slightly better. 

 

 
Fig. 11. Fuzzy and analytical controllers – comparison by queue 

 

Fig. 12 presents a comparison between the fuzzy and the analytical controllers 

in regard to traffic flow. It is visible from Fig. 12 that both controllers behave 

adequately for the modelling and simulation of urban traffic flow.  

Fig. 13 shows a comparison between the fuzzy and analytical controllers in 

terms of traffic flow and number of iterations. The fuzzy controller has a slightly 

bigger throughput compared to the analytical controller.  
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Fig. 12. Fuzzy and analytical controllers – comparison by flow 

 

 
Fig. 13. Flow comparison of fuzzy and analytical controllers 

6. Conclusion 

This research emphasizes on development of a traffic light system with feedback 

control for the purpose of traffic plan in urban areas. The goal has been achieved by 

designing and comparison of two types of controllers, which have been separately 

modeled and then simulated and tested in Aimsun environment. The proposed 

designed controllers are fuzzy and analytical. The developed controllers manage the 

duration of the green lights/control variables according to the simulated traffic flow. 

They have produced adequate solutions in terms of developing a control of traffic 

light system with feedback and in that manner, the goal of the study is fulfilled. The 

added value of the research is the appropriate integration of the principles of the 

control theory, intelligent methods, and computer simulation.  
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The results of the study can be applied to control the traffic light system in an 

urban area in order to improve traffic behavior (to increase the flow and reduce the 

queue lengths). 

 
Acknowledgment: This research was supported by the Project KP-06-H37/6, 6.12.2019: “Modelling 

and optimization of urban traffic in network of crossroads” with the Bulgarian National Science Fund. 

R e f e r e n c e s  

1. T u n c, I., Y. A. Y a s i n, S o y l e m e z, M. T u r a n. Different Fuzzy Logic Control Strategies for 

Traffic Signal Timing Control with State Inputs. – IFAC-Papers OnLine, Vol. 54, 2021, No 2, 

pp. 265-270. DOI: https://doi.org/10.1016/j.ifacol.2021.06.032. 

2. B h o u r i, N., J. F. M a y o r a n o, P. A. L o t i t o, H. H. S a l e m, J. P. L e b a c q u e. Public 

Transport Priority for Multimodal Urban Traffic Control. – Cybernetics and Information 

Technologies, Vol. 15, 2015, No 5, Special Issue on Control in Transportation Systems,  

pp. 17-36.  

3. S t o i l o v a, K.,T. S t o i l o v, S. D i m i t r o v. Bi-Level Optimization Model for Urban Traffic 

Control. – Cybernetics and Information Technologies, Vol. 21, 2021, No 3, pp. 108-126.  

4. N u r d a n, K., H. G. K o c k e n. A Fuzzy Approach to Multi-Objective Solid Transportation 

Problem with Mixed Constraints Using Hyperbolic Membership Function. – Cybernetics and 

Information Technologies,Vol. 21, 2021, No 4, pp. 158-167.  

5. P a u n o v a-H u b e n o v a, E., E. T r i c h k o v a-K a s h a m o v a. Algorithm for Traffic 

Management with Priority for Emergency Vehicles. – In: Proc. of International Scientific 

Conference Electronics, 13-15 September 2022, Sozopol, Bulgaria, IEEE Xplore, IEEE, 2022, 

pp. 1-5. ISBN:978-1-6654-9878-4. DOI: 10.1109/ET55967.2022.9920275. 

6. P a v l o v a, K., V. I v a n o v. Application of Information Systems and Technologies in  

Transport. – Studies in Computational Intelligence, Springer, Vol. 920, 2021, pp. 173-182. 

ISSN:1860-949X. DOI: https://doi.org/10.1007/978-3-030-58884-7_9. 

7. G e g o v, A. Complexity Management in Fuzzy Systems. – Studies in Fuzziness and  

Soft Computing, Springer, Vol. 211, Berlin/Heidelberg, Germany, 2007, pp. 1-249.  

ISBN 978-3-540-38885. 

8. G e g o v, A. Fuzzy Networks for Complex Systems: A Modular Rule Base Approach. – Studies in 

Fuzziness and Soft Computing, Springer, Vol. 259, Berlin/Heidelberg, Germany, 2010,  

pp. 1-277. DOI: https://doi.org/10.1007/978-3-642-15600-7. 

9. P o p c h e v, I., V. P e n e v a. An Algorithm for Comparison of Fuzzy Sets. – Fuzzy Sets and 

Systems, Vol. 60, 1993, No 1, Elsevier Science Publishers, North Holland, Amsterdam,  

pp. 59-65. 

10. P e n e v a, V., I. P o p c h e v. Aggregation of Fuzzy Relations Using Weighting Function – Compt. 

rend. Acad. bulg. Sci., Tome 60, 2007, No 10, pp. 1047-1052. ISSN: 1310–1331(Print); ISSN: 

2367–5535 (Online). 

11. P e n e v a, V., I. P o p c h e v. Multicriteria Decision Making Based on Fuzzy Relations. – 

Cybernetics and Information Technologies, Vol. 8, 2008, No 4, pp. 3-12.  

12. P e n e v a, V., I. P o p c h e v. Fuzzy Criteria Importance with Weighting Functions. –  Compt. rend. 

Acad. bulg. Sci., Tome 61, No 3, 2008, pp. 293–300. 

https://is.iict.bas.bg/I_Popchev/Comptes-Rendus-2009-61-3-293-300.pdf 
13. P e n e v a, V., I. P o p c h e v. Fuzzy Ordering on the Basis of Multicriteria Aggregation. – 

Cybernetics and Systems, Vol. 29, 1998, No 6, An International Journal Taylor and Francis 

(Ed. Robert Trappl), pp. 613-623.  

14. W i e r i n g, M., J. V e e n e n, J. V r e e k e n, A. K o o p m a n. Intelligent Traffic Light Control. – 

Institute of Information and Computing, Technical Report UU-CS-2004-029, 2004, pp. 1-30. 

15. V a t c h o v a, B., Y. B o n e v a. Design of Fuzzy and Conventional Controllers for Modeling and 

Simulation of Urban Traffic Light System with Feedback Control. – Mathematics, Vol. 11, 

2023, No 2, 373, pp. 1-11. DOI: https://doi.org/10.3390/math11020373. 

https://doi.org/10.1016/j.ifacol.2021.06.032
https://dl.acm.org/toc/cybait/2021/21/3
https://doi.org/10.1007/978-3-030-58884-7_9
https://ieeexplore.ieee.org/document/6132216
https://ieeexplore.ieee.org/document/6132216
https://is.iict.bas.bg/I_Popchev/Comptes-Rendus-2009-61-3-293-300.pdf
https://doi.org/10.3390/math11020373


 191 

16. A l a m, J., M. K. P a n d e y, H. A h m e d. Intelligent Traffic Light Control System for Isolated 

Intersection Using Fuzzy Logic. – In: Proc. of Conference on Advances in Communication 

and Control Systems 2013 (CAC2S’2013), DIT University, Dehradun, India, April 2013,  

pp. 209-215. DOI: 10.13140/RG.2.1.4854.6406. 

17. Aimsun. Aimsun Next 20 User’s Manual. Aimsun Next Version 20.0.3. Barcelona, Spain. Accessed 

on 1 May 2021 (In software). 

qthelp://aimsun.com.aimsun.20.0/doc/UsersManual/Intro.html 

18. MathWorks, Inc. Fuzzy Logic Toolbox – MATLAB (Visited on 06.07.2023). 

https://www.mathworks.com/ 
 

Received:  31.05.2023; Second Version: 18.07.2023; Accepted: 02.08.2023 
 

https://www.mathworks.com/

