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Abstract - Traffic jam in city intersections is a big problem
because of growing vehicle numbers and static traffic control
systems limitations. Usual fixed-time traffic lights can’t match
changing traffic conditions, causing problems such as longer wait
times, unequal flow of cars and pollution of the environment. To
solve these issues, this project studies how to use State-Action-
Reward-State-Action algorithm - a type of learning method that
encourages improvements over time - for making optimization in
controlling traffic lights more flexible and adjustable.

This project puts in place a system based on State-Action-
Reward-State-Action in an imitation environment using
Python’s Pygame library. This is to replicate a four-way
intersection. Important aspects being researched include the
learning rate, discount factor and exploration rate that control
how adaptable and performing the algorithm can be. The
function of this system involves adjusting timings for traffic
lights according to real- time patterns of congestion with the
goal of reducing queue sizes as well as delay time for vehicles on
average. Metrics like total throughput, waiting times of
vehicles, and lengths of queues are monitored for assessing
system effectiveness to guarantee productive learning and
adaptability
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1.INTRODUCTION

As urban populations grow and cities expand traffic
congestion has become one of the most pressing issues faced by
modern societies. Urban intersections or junctions are particularly
vulnerable to congestion, as they represent critical points where
multiple traffic streams intersect. With an ever-increasing number
of vehicles, these junctions become choke points, leading to
delays, fuel consumption, air pollution, and reduced quality of
life. The problem is further aggravated during peak hours,
emergency situations, or un- expected traffic events, where
existing traffic signal systems struggle to cope.

Most current traffic management systems rely on fixed or pre-
programmed schedules, which, while effective in controlled or
predictable environments, struggle to adapt to dynamic and
rapidly changing traffic conditions. This rigidity leads to several
inefficiencies: vehicles often experience long waiting times at
junctions due to the inability of signals to adjust to fluctuating
traffic volumes, causing unnecessary idling even when there is
little or no traffic in the other direction. Additionally, unbalanced
traffic flow can occur, with one side of a junction becoming
heavily congested while another remains underused.

2. METHODOLOGY

The methodology for this project involves designing and
implementing a dynamic traffic light control system using the
State-Action-Reward-State-Action  (SARSA)  reinforcement
learning algorithm. The first step involves setting up a simulation
environment using Python’s Pygame library to replicate a realistic
four-way traffic intersection. Vehicles are generated with random
patterns to simulate real-world congestion, and traffic lights at
each direction are programmed to have variable timing. The core
of the system is the SARSA algorithm, which allows an intelligent
agent to learn optimal light switching strategies through
interaction with the environment.

The agent observes the current traffic state, takes an action such
as switching the light phase, and receives a reward based on
outcomes like reduced waiting time and improved traffic flow.
This learning process is governed by key parameters including
the learning rate, discount factor, and exploration rate, which are
carefully tuned to enhance performance. A reward function is
designed to encourage behaviors that minimize queue lengths
and vehicle waiting times. The system is trained over multiple
simulation episodes, and its effectiveness is measured using
metrics such as average vehicle waiting time, total queue length,
and traffic throughput.

. SOFTWARE OVERVIEW

Programming Language: Developed using Python for its
simplicity and flexibility in Al and simulation tasks.
Simulation Library: Utilizes Pygame to create a graphical
simulation of a four-way traffic intersection, including
roads, vehicles, and traffic lights.

Core Algorithm: Implements the SARSA (State-Action-
Reward-State-Action) reinforcement learning algorithm to
optimize traffic light control based on real-time traffic
conditions.

User Configuration: Allows tuning of learning parameters
and simulation speed for testing different scenarios.
Extensibility: Designed to be modular for easy updates or
expansion to more complex intersections or real-world data
integration.

Reward System: Custom reward function designed to
reduce vehicle waiting time and queue lengths while
increasing throughput.
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4. SEQUENCE DIAGRAM AND ACTIVITY
DIAGRAM

The sequence diagram illustrates the interaction between key
components of the traffic light control system. Vehicles are first
generated and added to the simulation environment, which tracks
the current traffic state. This state is passed to the SARSA-based
agent, which selects an action to control the traffic lights

Fig 1. Sequence Diagram
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Fig 1.2 Activity diagram

5. RESULTS AND DISCUSSION

The results from the simulation show that the SARSA-based
traffic light control system performs significantly better than
traditional fixed-time signals. Over multiple training episodes,
the agent was able to reduce average vehicle waiting time and
queue lengths while increasing overall traffic throughput. The
system demonstrated adaptability by adjusting signal timings
based on real-time congestion patterns. As learning progressed,
performance metrics stabilized, indicating effective convergence
of the algorithm. These findings highlight the potential of
reinforcement learning for improving urban traffic management
through intelligent, data-driven control systems.

The agent also responded well to sudden traffic changes, showing
strong adaptability to non-uniform flow. The reward function
effectively guided the learning process, reinforcing decisions that
minimized congestion. These outcomes demonstrate that a
reinforcement learning approach, even in a simplified
environment, can yield promising results for adaptive traffic
control systems.

6. FUTURE WORK

Future enhancements for this project could include expanding the
simulation to cover more complex traffic networks with multiple
interconnected intersections, allowing the agent to coordinate
traffic lights on a larger scale. Incorporating real-world traffic
data and sensor inputs would improve the model’s accuracy and
practical  applicability. ~ Additionally, exploring  other
reinforcement learning algorithms, such as Deep Q-Networks
(DQN) or Proximal Policy Optimization (PPO), could further
improve learning efficiency and decision-making. Integrating
pedestrian and public transport priorities, as well as emergency
vehicle overrides, would make the system more comprehensive
and realistic. Finally, developing a user-friendly interface for
real-time monitoring and control would support easier
deployment and analysis in urban traffic management systems.

The major contribution of this project lies in demonstrating the
effective application of the SARSA reinforcement learning
algorithm to optimize traffic light control at a four-way
intersection. Unlike traditional fixed-time systems, the proposed
approach adapts in real-time to changing traffic conditions,
leading to reduced vehicle waiting times, shorter queues, and
improved traffic flow. This work highlights how reinforcement
learning can be practically implemented in a simulated
environment using accessible tools like Python and Pygame,
providing a foundation for more advanced smart traffic
management systems. Additionally, the project explores the
impact of key learning parameters on system performance,
offering valuable insights for future research and development in
adaptive traffic control.

7. ACKNOWLEDGMENT

The satisfaction that accompanies the success in
completion of this project would be incomplete without the
mention of the people who made it possible, without whose
constant guidance and encouragement would have made our
efforts go in vain. We consider ourselves privileged to express

© 2025, IJSREM | www.ijsrem.com

DOI: 10.55041/IJSREM48882 |

Page 2


http://www.ijsrem.com/

SJIF Rating: 8.586

" OInternational Journal of Scientific Research in Engineering and Management (IJJSREM)

W Volume: 09 Issue: 05 | May - 2025

ISSN: 2582-3930

gratitude and respect towards all those who guided us through
the completion of this project.

We would like to express our gratitude to Dr. Mahendra
KV, Principal, RRIT, Bengaluru for providing us congenial
environment and surrounding to study.

We would like to express our sincere gratitude to Dr.
Erappa G, Professor and Head, Department of Information
Science and Engineering, RRIT, Bengaluru for giving us the
support and encouragement that was necessary for the
completion of this project.

We express our deepest gratitude and sincere thanks to our
project coordinator, Prof. Sowmya J, Assistant Professor,
Department of Information Science and Engineering, RRIT,
Bengaluru for giving us the support and encouragement that
was necessary for the completion of this project.

We would like to express our gratitude to our guide Dr.
Rasmi A, Associate Professor, Department of Information
Science and Engineering, RRIT, Bengaluru for giving us the
support and encouragement that was necessary for the
completion of this project.

We would also like to convey our regards to all faculty
members and non-teaching staff of R R Institute of
Technology, Bengaluru for constantly motivating and guiding
us throughout our journey at RRIT.

Finally, we thank our Parents, Friends and Family
members for their co-operation and their guidance in bringing
out this project successfully.

8. REFERENCES

[1] A. K. Ikiriwatte, D. D. R. Perera, S. M. M. C. Samarakoon,
D. M. W. C. B. Dissanayake, and P. L. Rupasignhe, “Traffic
Density Estimation and Traffic Controlusing Convolutional
Neural Network,” in Proceedings of IEEE Conferences, 2019.

[2] T. A. Haddad, D. Hedjazi, and S. Aouag, “A Deep
Reinforcement Learning-BasedCooperative Approach for Multi-
Intersection Traffic Signal Control,” IEEE TransIntell. Transp.
Syst., 2022.

[3] L.-H. Nguyen, V.-L. Nguyen, and J.-J. Kuo, “Efficient
Reinforcement Learning-Based Transmission Control for
Mitigating Channel Congestion in 5G V2X Sidelink,”
IEEECommun. Lett., 2022.

[4] F. Rasheed, K.-L. A. Yau, R. Md. Noor, C. Wu, and Y.-C.
Low, “Deep Reinforcement Learning for Traffic Signal Control:
A Review,” IEEE Access, vol. 8, pp.222845-222870, 2020.

[5] J. Nubert, N. G. Truong, A. Lim, H. I. Tanujaya, L. Lim, and
M. A. Vu, “Traffic Density Estimation using a Convolutional
Neural Network,” in Proc. Int. Conf.Machine Learning
Applications, 2018.

[6] G. Han, Q. Zheng, L. Liao, P. Tang, and Z. Li, “Deep
Reinforcement Learning for Intersection Signal Control

Considering Pedestrian Behavior,” IEEE Trans. VehTechnol.,
2022.

[7] F. Wen, X. Wang, “Sarsa Learning Based Route Guidance
System with Global and Local Parameter Strategy,” IEICE
Transactions on Fundamentals of Electronics, Communications
and Computer Sciences, E98-A (12), 2561-2568, 2015.

[8] M. Zolfpour-Arokhlo, A. M. Rahmani, “Modeling of Route
Planning System Based on Q Value-Based Dynamic
Programming with Multi-Agent Reinforcement Learning
Algorithms,” Engineering Applications of Artificial Intelligence,
vol. 37, pp. 313-323,2014.

[9]F. Wen, X. Wang, X. Xu, “Hierarchical Sarsa Learning Based
Route  Guidance  Algorithm,” Journal of Advanced
Transportation, Article ID 2084067, 15 pages, 2019.

[10] X. Zhou, F. Zhu, Q. Liu, Y. Fu, W. Huang, “A Sarsa-Based
Control Model for Real-Time Traffic Light Coordination,” The
Scientific World Journal, Article ID 184725,12 pages, 2014.

© 2025, IJSREM | www.ijsrem.com

DOI: 10.55041/IJSREM48882 |

Page 3


http://www.ijsrem.com/

