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Abstract—Due to the increased traffic volume, classical control 

procedures were not able to meet the requirements of the 
dynamic changing nature of the traffic. The goal of the Traffic 
Control System is to efficiently and effectively manage the 
transportation resources so as to fulfill the changing traffic 
conditions. Artificial Intelligence fulfils this demand of the 
decentralized solution by introducing Intelligent Agents concept. 
Using Intelligent Agents to dynamically sense the changing traffic 
and taking actions by referring its knowledge base comprising of 
expert system, fuzzy logic and neural network, Traffic Control 
System can be efficiently managed thereby minimizing delays 
and maximizing vehicular throughputs across the intersections. 

Index Terms—Intelligent Agents, Traffic Control System, Traffic 
Signal Controllers 

INTRODUCTION  

 
     Adaptive Traffic Control System should have the ability to 
optimize the flow of the traffic so that the jams on the 
intersections and delay in the journeys can be avoided. 
Various feedback machine learning algorithms are used to 
achieve this desired goal. These algorithms are trained using 
reinforcement learning. Intelligent signal control system 
should be able to reduce the traffic control and coordinate in 
between the signal patterns so as to maximize the vehicle 
throughput and minimize the delay. It can be thought of a 
system limited with resources and each user standing in the 
lane of the intersections wish to acquire it. The resource can 
be termed as a green signal. In a cycle, there are two time 
intervals: green interval, in which the vehicles can cross the 
intersection and the red interval in which the vehicles have to 
halt at the intersection. The aim of the efficient Traffic Control 
System is to adjust the cycle time and signal split such that 
maximum of the vehicle crosses the intersection during this 
green time interval. Urgency degree for all the lanes of the 
intersection is calculated and the lane bearing highest urgency 
degree is shown green signal[2]. Intelligent Agent plays a vital 
role in estimating this value. The efficient Traffic Control 
System results to lesser expected traffic jams, fast journey to 

the destination because of prediction, more traffic control 
possibilities, cooperation among the users. 

The artificial intelligence techniques used for the 
optimization of traffic control system are as follows  

 Expert System: Classical Rule Based Systems that 
uses fuzzy logic 

 Self Adapting Algorithms: Uses Neural networks, 
Bayesian Networks and Genetic Algorithms.  

 Autonomously Acting Systems: Combination of 
decision making techniques and self adapting 
networks known as AGENTS[1]. 

 
Application 
 

AI Technique 
 

Traffic Management 
Data Collection  Monitoring 
Data Analysis 
Route Guidance 
Traffic Control 
            congestion control 
            incident control 
            traffic signal control 

 

ES 
ES, NN 
ES, NN 
ES, FL, NN, GA 
 
ES, FL, GA 
ES, NN 
ES, GA 

 

ES=Expert System       NN= Neural Network 
FL=Fuzzy Logic          GA =  Genetic Algorithm 

 
Table 1: Artificial techniques used in traffic control 

system[1] 
 

INTELLIGENT AGENTS 

Many alternative solutions are present for the designing of 
efficient Traffic Control System with controllers that uses fixed 
times cycle stages but they fail to handle the dynamic changes 
in the flow of the traffic. So, an alternative approach is to use 
intelligent agents. 

Intelligent Agents are an autonomous self governing entity 
which observes through its sensors and acts upon 
an environment using actuators and directs its activity towards 
achieving goals. They adapt its behavior and learn from past 
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experiences and are reactive and exhibits dynamic nature. 
Intelligent Agents solve problems dynamically, understands 
information and differentiate in between the situations and then 
acting on them accordingly. They generalize and synthesize 
new ideas and approaches to deal with the situations. They 
predict and plan the actions, consider the alternatives and then 
take suitable action. Agents obey the rules and perform their 
roles efficiently to achieve their goals. 

 
 

 
 

Fig 1.1Process of Interaction of Agent with Model 
 
The agent receives its input through its sensors about the 

current scenario and from the adjoining agents. The received 
input is scanned throughout the model. The model is 
constrained by the traffic rules and the recent trends. After 
scanning, next cycle is calculated and what action is to be taken 
is determined. The actions are informed to the adjoining agents 
as well so that they can also react to such similar situations in 
future. 

 THE ARCHITECTURE OF INTELLIGENT AGENT 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2: Architecture of Intelligent Agent[1] 
 
The traffic data is collected from RSA (remote sensing 

agent), ITSA (intersection agents) and detectors. On the basis 
of data collected, prediction model helps in predicting the 
future traffic flow. The prediction meta model checks the 
preciseness of the predictions and if required, changes the 

prediction variables accordingly. Then, the control strategy 
chooses the most efficient and effective action to be taken 
when the forecasted situations occurs. Action to be performed 
is decided after referring to model’s knowledge base using 

several artificial intelligence techniques such as expert system,  
fuzzy logic and neural networks. It can also refer to the 
adjoining agents and then plan the control strategy[3]. 

An agent consists of 5 parts: communication section, 
inference section, interact members list, database and 
knowledgebase. Communication section is the interface in 
between the interacting agents. Messages are analyzed and then 
exchanged in between the agents thereby improving the 
intelligence by studying other agent’s knowledge base. The 

interference section defines the intelligence of the agent. The 
interact members list defines the list of the agents with which 
the defined agent can interact. Agents have to first register 
themselves in the list so as to obtain communication with the 
desired agent. The intelligent agent performs various data 
mining, inferring and computing algorithms to database and 
knowledgebase to determine what actions are to be performed 
on a given situation[2]. Intelligent Agents interact with the 
adjoining agents so as to exchange their knowledge and 
experiences with each other which helps in making future 
decisions and improving the efficiency of the meta model and 
decision making model of the intelligent agents. 

 

Types of Agents in Urban Traffic Control System 

 The agents used in Traffic Control System are Information 
Agents and Agents For Traffic Simulation and Control. 
Information Agents inform the information about the jams, 
weather and best routes to the user. Agent For Traffic 
Simulation and Control further includes Road Segment Agents, 
Intersection Agents, Area Agents and Route Agents[4]. 

 

 Traffic signal controllers 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3: Actions of Traffic Signal Controllers 
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Traffic Signal Controllers are used for driving the signals 

across the junctions. Urban Traffic Signal Controllers are 
divided into two categories as Centralized Traffic Controllers 
and Single Junction Traffic Signal Controllers[5]. Centralized 
Traffic Controllers control and optimizes the traffic lights using 
variables like number of stopped vehicles, average queue 
length and bandwidth. Single Junction Traffic Signal 
Controllers are further categorized as Fixed Time Controllers 
and Traffic Response Controllers. Fixed Time Controllers uses 
predefined fixed traffic patterns which are repeated in cycles 
throughout the day. They work on “time of the day” basis and 

are suitable for predictable and stable traffic. Traffic Response 
Controllers dynamically senses the traffic situation and based 
on the results make adjustments to the cycle time. A traffic 
controller has two types of agents- Default control and 
Executing agents. Default control performs basic functionality 
whereas Executing agents work at particular situations when 
the probability of traffic jam is high e.g. during accidents, rush 
hours, festival seasons. 

 Various Context Detection Algorithms are used which 
analyses the traffic flow and if any irregularity is been noticed 
then it learns and executes the desired control strategy .This 
technique  plays significant role when there is changing traffic 
flow at different periods for e.g. during rush hours in the 
morning and the evening  or in accidents[5] . 

Types of Changes in the traffic 

Four types of changes can be seen in the traffic. Gradual 
changes due to changing traffic volumes for long time, Sudden 
unexpected changes due to changing traffic volumes for long 
time, Sudden, temporal changes due to changing traffic for 
short period of time and Sudden, temporal changes due to 
prioritized traffic vehicles for short duration of time[4]. 

AGENTS HIEARCHY 

The agents are organized in a hierarchy fashion such that 
the agents are supposed to take optimum decision for their 
intersection and their action is not influenced by the adjoining 
agent but by the agents at the higher level. This makes the 
system more robust. Black Board architecture uses 
coordination agent which decides the best strategy to be 
used[4]. 

 

 DIFFERENT STRUCTURES FOR MANAGING THE 
CONTROL OF LIGHTS 

 
 First Generation uses hard wired logic for controlling the 

signal plans, Second Generation uses centralized computer for 
controlling the signals of the traffic lights at intersections and 
Third Generation uses distributed computers. Agent at an 
intersection can interact with other intersection’s agent as 

well[6]. 
 

 GOALS 

The goals to be achieved by the efficient Traffic Control 
System using Intelligent Agents deals with the following two 
parameters. 

 
I. The Delay: - Delay is defined as the additional time 

the passengers take to reach their destination because of 
halting at the traffic lights.  
II. Throughput: - Throughput is defined as the number 

of vehicles which are able to cross the intersection at 
given interval of time. 

 
So, the optimization goal is to minimize the delay and 
maximize the throughput. 

 RELATED WORK 

“PLC based intelligent traffic control system” senses the 
presence or absence of the vehicles within specified range by 
setting the appropriate time interval for the traffic signals to 
react or simulate accordingly. By using mathematical functions 
to calculate the effective timing for the green signal to 
illuminate, the system attempts to overcome the problem of 
traffic congestion.  

“Approaches for intelligent traffic system: A survey” talks 
about Intelligent traffic control system using CCTV cameras 
and WAN which to make the traffic signaling dynamic and 
automatic as well. The system also generates dynamic 
messages for the passengers on the message boards or displays 
to avoid traffic congestion, reduce halting time, vehicle 
tracking and control over pollution and accident.  

“Sitraffic Scala - Traffic computer system” talks about a 
traffic control system to smoothly perform traffic platform 
tasks. This includes traffic condition monitoring, central traffic 
control, analysis, processing and storage of traffic data. 
Network-related operations are performed at the central control 
level include Green time allocation, its period and Green wave 
between the intersections. The results are transmitted as 
framework plans to the individual traffic light systems at the 
intersections. These controls the phase sequence second by 
second and at the same time adjust the phase duration to 
accommodate any short-time fluctuations in traffic volume.  In 
addition, buses and trams are prioritized in the controllers. 

  “Intelligent traffic light system to prioritized emergency 
purpose vehicles based on wireless sensor network” talks about 
an adaptive traffic intersection system which is based on 
Wireless Sensor Network where the traffic light of one 
intersection can communicate with the traffic light of the 
neighboring intersections and traffic clearance will be 
prioritized for special vehicles with the help of sensors. 
“Intelligent Traffic Signal Controller using FPGA controller 
based on Neuro-Fuzzy system” is capable of taking decision to 

reduce delays at intersections.  
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CONCLUSION  

The dynamic behavior of intelligent agents helps in 
reducing the traffic jams and journey delays. The knowledge 
base of the meta model is referred which is maintained by 
several artificial techniques such as fuzzy logic, Neural 

Networks and Expert System. The interactive nature of 
intelligent agents with adjoining traffic light’s agents helps 

them in improving their knowledge and reacting to the 
situations having highest urgency degree with actions having 
highest reward signal thereby improving the efficiency of the 
Traffic Control System. 
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