International Journal o

Engineering Research and Scienc

www.ijerst.org ISSN : 2319-5991

Vol. 22 No. 2(1) (2026)

ijerst.editor@gmail.com ”

editor@ijerst.com



https://ijerst.org/index.php/ijerst

yERST

‘ 0 ¥ ¥ 0
Int. J. Engg. Res. & Sci. & Tech. 2026, ISSN 2319-5991 =) Ineneionl dounl ofEnineering Reseachad Scece & Technolgy

—

ISSN 2319-5991 www.ijerst.com
© 2026 IJERST. All Rights Reserved
Peer Reviewed, Referred & Indexed Journal
Research Paper

MULTI-AGENT TRAFFIC MANAGEMENT SYSTEM
' A Akhila, >M Vinoothna Reddy, >N Manaswini, * K Rachana, > K Sudheeksha
! AssistantProfessor, 2**Students
Department of AIML
Siddhartha Institute of Technology & Sciences, Narapally

akhilaasaara@siddhartha.org.in, 24tq1a6698@siddhartha.co.in, 24tqla66c2@siddhartha.co.in,
24tqla6670@siddhartha.co.in, 24tq1a6675@siddhartha.co.in

Abstract

Urban traffic congestion has become a major challenge due to the rapid increase in the
number of vehicles and inefficient traffic signal management. Traditional traffic
control systems often operate on fixed-time signals, which are unable to adapt to real-
time traffic conditions, resulting in delays, fuel wastage, and increased pollution. To
address this issue, the proposed Multi-Agent Traffic Management System (MATMS)
utilizes intelligent agents and real-time data analysis to improve traffic flow and
optimize signal coordination at road intersections. The system employs multiple
autonomous agents that represent different traffic components such as intersections,
vehicles, and monitoring units. These agents communicate with each other and make
decentralized decisions based on real-time traffic density, vehicle movement, and road
conditions. Using traffic simulation and visualization techniques, the system monitors
vehicle congestion at different junctions and dynamically adjusts traffic signals to
minimize waiting time and prevent bottlenecks.

A web-based interface is developed to visualize the live traffic scenario on a map,
where traffic data from different regions is displayed along with agent decisions. The
system also integrates surveillance-based vehicle detection and emergency handling
mechanisms to prioritize emergency vehicles and manage road incidents effectively.
The proposed system demonstrates how intelligent multi-agent coordination can
significantly improve urban traffic management by reducing congestion, improving
travel time, and enhancing road safety. This approach provides a scalable and
adaptive solution for smart city transportation systems.

1. Introduction

Traffic congestion has become one of the most significant problems in modern urban
areas due to the rapid growth in population and the increasing number of vehicles on
the roads. As cities continue to expand, the demand for efficient transportation
systems has also increased. However, traditional traffic management systems still rely
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on fixed-time traffic signals and manual monitoring methods, which are often
inefficient in handling dynamic and unpredictable traffic conditions. These
conventional systems are unable to respond quickly to sudden traffic congestion,
accidents, or emergency situations, leading to longer waiting times at intersections,
increased fuel consumption, air pollution, and frustration among commuters. To
overcome these limitations, intelligent traffic management systems have been
introduced that make use of advanced technologies such as Artificial Intelligence (Al),
Internet of Things (IoT), and Multi-Agent Systems. A Multi-Agent Traffic
Management System (MATMS) is an intelligent approach where multiple
autonomous agents work together to monitor, analyze, and control traffic flow in real
time. Each agent is responsible for performing specific tasks such as monitoring
vehicle density at intersections, managing traffic signals, detecting road incidents, and
coordinating with other agents to ensure smooth traffic movement.

In a multi-agent system, agents act as independent decision-making units that can
communicate and cooperate with each other to achieve a common goal. In the context
of traffic management, these agents can represent traffic signals, road intersections,
surveillance cameras, and even vehicles. By continuously collecting and analyzing
traffic data from different locations, the agents can dynamically adjust traffic signal
timings based on the current traffic conditions rather than relying on pre-defined
schedules. This helps reduce traffic congestion, optimize vehicle movement, and
improve overall transportation efficiency. The proposed Multi-Agent Traffic
Management System focuses on developing an intelligent framework that simulates
traffic conditions and uses multiple agents to manage traffic flow effectively. The
system collects traffic data from different regions and processes it to determine
congestion levels. Based on this information, agents make decisions to control traffic
signals and redirect traffic if necessary. The system also provides a visual
representation of traffic conditions through an interactive map-based web interface,
allowing users to observe traffic patterns and system responses in real time.

Another important feature of the system is the ability to detect abnormal situations
such as road accidents or the presence of emergency vehicles. In such cases, the
system can prioritize certain lanes or intersections to allow faster movement of
emergency vehicles such as ambulances and fire trucks. This capability enhances
public safety and reduces response time during critical situations.

II. Literature Survey

Traffic management has been an active area of research due to the increasing
challenges of urban congestion and inefficient transportation systems. Traditional
traffic control methods, such as fixed-time and actuated signal systems, rely on
predefined rules and limited real-time data, making them less effective in handling
dynamic traffic conditions. These systems often fail to adapt to sudden changes such
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as peak-hour congestion or road incidents, leading to inefficiencies in traffic flow.
(Springer Link).

Recent advancements in Intelligent Transportation Systems (ITS) have introduced the
use of multi-agent systems (MAS) to improve traffic management. In these systems,
multiple intelligent agents work collaboratively to monitor and control traffic
conditions. A study on urban traffic management using multi-agent systems highlights
that agents can process large volumes of data collected from sensors and make real-
time decisions for traffic control. These systems are capable of detecting anomalies,
predicting traffic conditions, and notifying authorities when abnormal situations occur.
(MDPI). Further research has focused on integrating wireless sensor networks and
real-time data analytics with multi-agent systems. These approaches enable
continuous monitoring of traffic density, road occupancy, and parking conditions. By
analyzing such data, agents can dynamically adjust traffic signals and improve
decision-making efficiency, contributing to smarter city infrastructure. (PMC).

Another significant development in this domain is the application of Multi-Agent
Reinforcement Learning (MARL) for traffic signal control. Researchers have
proposed models where each intersection is treated as an independent agent that learns
optimal signal timings through interaction with the environment. Techniques such as
Advantage Actor-Critic (A2C) and Q-learning have been used to improve
coordination between intersections. Simulation results show that MARL-based
systems significantly reduce traffic delay, waiting time, and congestion compared to
traditional approaches. (MDPI).

In addition, studies on traffic simulation using multi-agent frameworks emphasize the
importance of modeling real-world traffic scenarios. Simulation tools allow
researchers to test various traffic strategies, analyze system performance, and
optimize traffic flow without implementing costly real-world experiments. These
models help in understanding vehicle behavior, intersection management, and
coordination among multiple agents in a controlled environment. (IJERT).

Moreover, recent surveys indicate that integrating communication technologies such
as Vehicular Ad Hoc Networks (VANETs) with multi-agent systems can further
enhance traffic management. These systems enable communication between vehicles
and infrastructure, improving route guidance, reducing travel time, and increasing
overall network efficiency. (ScienceDirect)

Overall, the literature shows a clear shift from traditional traffic control systems to
intelligent, adaptive, and decentralized approaches using multi-agent systems and
artificial intelligence. While significant improvements have been achieved, challenges
such as scalability, coordination among agents, and real-time implementation still
exist. The proposed Multi-Agent Traffic Management System builds upon these
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existing studies by combining simulation, real-time visualization, and intelligent
agent-based decision-making to create a more efficient and scalable traffic
management solution.

I11. System Analysis

Traffic congestion has become one of the major challenges in modern urban
environments due to the rapid increase in the number of vehicles and population
growth. Traditional traffic management systems are often unable to handle dynamic
traffic conditions efficiently, resulting in delays, fuel wastage, pollution, and
increased accident risks. Managing traffic manually or through fixed-timer traffic
signals does not provide effective control during peak hours, emergencies, or
unexpected road conditions. With advancements in Artificial Intelligence (Al),
Internet of Things (IoT), and intelligent systems, there is a growing need for smart
traffic management solutions capable of adapting to real-time traffic conditions.
Multi-Agent Systems (MAS) provide an efficient approach by using multiple
intelligent agents that communicate, cooperate, and make autonomous decisions to
manage traffic flow dynamically. The proposed system is designed to monitor traffic
density, analyze road conditions, coordinate traffic signals, and optimize vehicle
movement automatically. The system can collect data from sensors, cameras, and
connected devices to make intelligent decisions in real time. It also supports
emergency vehicle prioritization and congestion control mechanisms. The analysis
focuses on improving traffic efficiency, reducing waiting time, minimizing congestion,
and enhancing road safety through intelligent automation. Overall, the system
demonstrates the importance of Al-driven multi-agent coordination in developing
modern smart transportation systems.

Existing System

The existing traffic management system mainly relies on manual monitoring, fixed-
time traffic signals, and traditional surveillance methods to control vehicle movement
at road intersections. In many cities, traffic lights operate using predefined timers that
remain constant regardless of actual traffic density or road conditions. These systems
are inefficient during peak hours because they cannot adapt dynamically to changing
traffic patterns. Traffic police personnel are often required to manage congestion
manually, which increases operational workload and reduces efficiency. Existing
systems also face difficulties in handling emergency situations such as ambulance
movement, accidents, or road blockages because they lack intelligent coordination
mechanisms. Some modern systems use CCTV cameras and sensors for monitoring,
but they still require centralized control and limited automation. Traditional traffic
systems also do not support effective communication between different intersections,
leading to poor traffic synchronization and unnecessary delays. Additionally, the
absence of real-time traffic analysis results in fuel wastage, increased pollution, and
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longer travel times. These limitations create the need for a more intelligent and
adaptive multi-agent traffic management solution.

Disadvantages of Existing System

o Fixed-time traffic signals cannot adapt to real-time traffic conditions
o High traffic congestion during peak hours

o Increased waiting time at intersections

o Lack of intelligent coordination between traffic signals

o Difficulty in handling emergency vehicles efficiently

o High dependency on manual traffic control

e Increased fuel consumption and air pollution

o Limited scalability for smart city environments

o Inefficient handling of accidents and road blockages

o Lack of real-time traffic analysis and optimization

e Poor communication between traffic monitoring systems
o Increased chances of traffic delays and road accidents

Proposed System

The proposed system is a Multi-Agent Traffic Management System designed to
provide intelligent and automated traffic control using Artificial Intelligence (Al),
Internet of Things (IoT), and multi-agent coordination techniques. The system
consists of multiple intelligent agents responsible for monitoring traffic density,
controlling traffic signals, analyzing road conditions, and communicating with
neighboring intersections in real time. Each traffic junction is managed by an
autonomous agent capable of making decisions based on live traffic data collected
from sensors, CCTV cameras, and connected IoT devices. The agents cooperate with
one another to optimize traffic flow and reduce congestion across the transportation
network. The system dynamically adjusts signal timing according to traffic density,
ensuring efficient vehicle movement during both normal and peak traffic conditions.
Emergency vehicles such as ambulances and fire trucks are given priority through
intelligent route management and signal control. The proposed system also supports
accident detection, congestion prediction, and real-time traffic monitoring. A
centralized dashboard provides administrators with traffic analytics, monitoring tools,
and control functionalities. By integrating intelligent automation and distributed
decision-making, the system improves road safety, minimizes delays, reduces fuel
consumption, and enhances overall transportation efficiency in smart city
environments.

Advantages of Proposed System
e Dynamically adjusts traffic signals based on real-time traffic conditions
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e Reduces traffic congestion and vehicle waiting time

o Improves coordination between multiple intersections

e Supports emergency vehicle prioritization

o Enhances road safety and accident management

e Reduces fuel consumption and air pollution

e Provides real-time traffic monitoring and analysis

e Supports scalable smart city transportation systems

e Minimizes manual traffic management effort

o Improves overall transportation efficiency

o Enables intelligent communication between traffic agents
e Supports predictive traffic analysis and congestion control

IV. Methodology

The development of the Multi-Agent Traffic Management System follows a
structured methodology involving data collection, intelligent agent design, traffic
analysis, coordination, and automation. Initially, traffic-related data is collected using
sensors, CCTV cameras, [oT devices, and traffic monitoring systems installed at road
intersections. The collected data includes vehicle count, traffic density, road
occupancy, signal status, and emergency vehicle information. The preprocessing
module analyzes and filters the collected data to remove noise and identify
meaningful traffic patterns. Intelligent traffic agents are then developed using
Artificial Intelligence and decision-making algorithms to manage individual
intersections autonomously. Each agent continuously monitors traffic conditions and
communicates with neighboring agents to optimize traffic flow collaboratively.
Machine learning and predictive analysis techniques are used to estimate congestion
levels and recommend signal timing adjustments dynamically. Emergency
management modules detect ambulances or emergency vehicles and provide traffic
priority by modifying signal sequences automatically. A centralized monitoring
dashboard is developed to visualize traffic conditions, analytics, and system
performance in real time. The system is tested under different traffic scenarios such as
normal traffic, peak-hour congestion, and emergency situations to evaluate
performance, response time, and traffic optimization efficiency. The methodology
ensures the development of an intelligent, adaptive, and scalable smart traffic
management system.

System Architecture

The system architecture of the Multi-Agent Traffic Management System consists of
multiple interconnected modules designed to manage traffic efficiently through
intelligent coordination. The architecture begins with the data acquisition layer, where
sensors, CCTV cameras, RFID devices, and IoT-based traffic monitoring systems
collect real-time traffic data from road intersections. The collected data is sent to the
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preprocessing module, which analyzes vehicle density, traffic patterns, and road
conditions. Each intersection is controlled by an intelligent traffic agent responsible
for managing signal timing and vehicle flow autonomously. These agents
communicate with neighboring traffic agents through a communication network to
coordinate traffic movement across multiple intersections. An Al-based decision-
making engine processes traffic data and generates optimized signal control strategies
based on current and predicted traffic conditions. The emergency management
module identifies ambulances, fire trucks, and emergency vehicles and adjusts signal
priorities accordingly. A centralized control server stores traffic data, analytics,
system logs, and monitoring information securely. The monitoring dashboard
provides administrators with real-time visualization of traffic conditions, congestion
levels, and system performance metrics. Communication protocols and IoT
infrastructure ensure smooth interaction between sensors, agents, and control systems.
Finally, optimized traffic signals are executed at intersections to ensure efficient
vehicle movement, reduced congestion, and improved transportation management
across the city.

MULTI-AGENT TRAFFIC MANAGEMENT SYSTEM
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V. Result and Output
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VI. Conclusion

The Multi-Agent Traffic Management System developed in this project demonstrates
an effective approach to managing urban traffic using decentralized, intelligent agents.
By treating each intersection as an independent agent, the system is able to monitor
traffic density and dynamically adjust signal timings, resulting in improved traffic
flow and reduced congestion compared to traditional fixed-timing systems.

The project also integrates real-time data visualization through a dashboard and map
interface, enabling clear monitoring of traffic conditions and agent behavior. This
enhances usability and provides meaningful insights into how traffic is distributed and
controlled across different locations.

An important technical achievement of this project is the successful deployment of the
application over HTTPS instead of a local HTTP (localhost) environment. By
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converting the system to HTTPS, the application ensures secure data transmission,
improved reliability, and better compatibility with modern web standards, which is
essential for real-world implementations and scalability. In conclusion, this project
highlights the potential of multi-agent systems in building smart, adaptive, and secure
traffic management solutions. It also establishes a strong foundation for future
improvements such as real-time sensor integration, cloud deployment, and advanced
Al-based optimization, contributing toward the development of intelligent
transportation systems in smart cities.
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