
Chapter 1: Introduction 
1.1 Background 

The problem of controlling traffic signals, which is the problem of deciding when to 

allow vehicles to cross an intersection, has been dealt in many ways. Dramatic 

progress has been achieved from the traffic guide, who would direct drivers at 

intersections with a flag to the implementation of fully actuated signal control systems 

to the present day systems of interconnected signals in corridors. The availability of 

detectors of many kinds; e.g. loop detection, video detection, and infrared detection, 

that are capable of transmitting information on the real traffic situation, and the 

development of microprocessors which can process this data, motivates the 

development of real-time traffic control systems. 

Urban vehicular traffic is an expression of human activity and is highly variable in 

time and space. Traffic load is highly dependent on parameters such as time, day, 

season, weather and unpredictable situations. If these parameters are not taken in to 

account, the traffic control system will create bottlenecks and delays. Therefore, the 

control of such traffic requires a high degree of adaptability to produce suitable 

responses to this variability. Existing system (fixed time control system) however, 

impose certain rigidities that very much restrict the opportunity to get adapted with 

the real time traffic load. 

A traffic intersection is defined by a location in which the sharing of right of way by 

two or more traffic streams is required. In order to accomplish this sharing, 

intersection control is used. The traffic signal operates by allotting green time to the 

intersection approaches by a predefined way. The manner in which green time is 

allotted to these approaches is categorized as follows [3], [9], 

(a) Pretimed or Fixed: The traffic signal provides a fixed amount of green time to each 

approach during a cycle. This green duration is fixed for each interval for some period 
of time. 

(b) Actuated: The traffic signal provides a minimum length of green time to each 

approach during a cycle. This length may be incremented based on vehicle arrivals to 

the approach displaying green as observed by a detection device. The length of every 

green interval is also constrained by a maximum green time specification. 
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(c) Adaptive: The traffic signal provides green time to each intersection approach 

based on anticipated arrivals for a cycle. Generally, as arrivals change from cycle to 

cycle, the length of green time provided to each approach also changes. 

In intelligent traffic control systems reviews, the main terminologies found are split, 

cycle and offset [29], The most existing adaptive methods are to optimize these three 

factors. The cycle time means the total time allowed for all approaches to control the 

traffic flow at the particular intersection. The split is meant as the green phase or the 

fractions of the cycle time given to each approach or the green time at the approach. 

Offset is the delay between two neighboring intersections to initiate each cycle. 

Fixed time signal means that controlling the traffic light by predefined timetables [7]. 

The traffic signal provides a fixed amount of green time to each approach during a 

cycle. This green duration is fixed for each interval for some period of time. In traffic 

actuated signal, cycles, signal phases and signal intervals of the traffic light are 

defined in controllers. Conventional traffic-control strategies have limitations in 

handling unanticipated traffic demands. In coordinated systems, whether they are pre-

timed or coordinated actuated, engineers use historical traffic data to develop a timing 

plan that would optimize operation of the intersection [9], 

An adaptive traffic-signal control on the other hand collects traffic data in real-time, 

and therefore is expected to mitigate the problem of using outdated data and to 

improve overall system performance.- While an improvement in average delay 

throughout the system and lower travel time through the corridor are expected to be 

the main outcomes of an adaptive system, this improvement is achieved at the 

expense of extra delays for side street users. In network based control systems, the 

sensors will send monitored traffic data to master controller and according to those 

values, the master controller calculate and periodically distribute appropriate traffic 

signal control strategy to the controllers at intersections [19]. In decentralized control 

system, individual controllers implement its own control strategy. 
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1.2 Motivation 

Today in Srilanka, the traffic congestion in urban area especially in Colombo is an 

important issue to be solved. One of the reasons of this congestion is imperfect 

operation of traffic signal control. 

In Colombo, it is used fixed cycle, fixed time based control system. Being not get 

adapted to the actual traffic load, it results for heavy traffic congestion on roads at 

peak hours, most of the times in morning and in evening when people get rush for 

work and school. In some junctions, traffic control by a police officer still exists. 

Therefore, a proper coordination among junctions cannot be expected and it results for 

increasing the delay at intersections. 

The objective of the implementation of an Intelligent Control System is to minimize 

the average total delay for all vehicles entering the intersection. It provides many 

advantages over existing fixed-time plans, including minimizing traffic delays by 

providing effective signal operation, improving travel time, reducing fuel 

consumption and improving air quality and reducing maintenance and operations cost. 

The goal of this research is to study and apply traffic control system that operates in 

real time, adjusting signal timing to accommodate changing traffic patterns. It is not 

based on a fixed cycle length. By an intelligent traffic control system, the green time 

is provided to each intersection approach based on anticipated arrivals for a cycle. 

Generally, as arrivals change from cycle to cycle, the length of green time provided to 

each approach also changes. In this study, it is proposed a simulation model for a 

fuzzy controlled decentralized traffic control system to improve existing system and 

to reduce total delay time. 

1.3 Literature review 

Over the course of performing a literature review, it was found that over the past 20 to 

30 years, research in the area of adaptive signal control has gradually been increasing 

and practical applications are beginning to be seen around the world. Multi - agent 

system to urban traffic signal control by Szu-Yin Lin., et al[l] has shown an agent 

model for a decentralized traffic signal control. Development of an autonomous 

adaptive traffic control system by K. Tavladaskis[2] shows a network approach. 
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Researchers have offered the definitions for the parameters and measures of 

effectiveness in various ways. In this research, the definitions and the parameters 

given by Szu-Yin Lin, et al have been used. 

The world popular traffic control methods are Split Cycle Offset Optimization 

Technique SCOOT, Sydney Coordinated Adaptive Traffic Control System SCATS, 

Real time Hierarchical Optimized Distributed and Effective System RHODES and the 

Optimized Policy for Adaptive Control OP AC. Here SCOOT and SCATS use a cycle 

based approach on a network while RHODES and OPAC work on the concept of 

rolling horizon approach. The TRYS approach by Josefa Hernandez[4], and RHODES 

by Pitu Mirchandani., et al[5] have shown more hierarchical manner to the adaptive 

control system. . The web page http://www.scoot-utc.com/fl4] gives a complete 

picture of SCOOTS and the places it has been installed. RHODES by Pitu 

Mirchandani, et al[5] have discussed the control system RHODES. The architecture, 

which decomposes the traffic control problem to several sub problems, predicts traffic 

flows at appropriate resolution levels and the optimization modules to solve the 

hierarchical sub problems while utilizing a data structure for fast solution of the sub 

problems and the analysis are presented. The web page 

http://ops.fhwa.dot.gov/publications/adaptivecontrol/ [25] discusses about OPAC and 

http://www.traffic-tech.com/pdf/scatsbrochure.pdf [30] discusses SCATS control 

system in detail. 

A micro simulation model, SIGSIM for-simulating movement of individual vehicles 

in a signal controlled road network is presented in Adaptive traffic control using 

evolutionary algorithms by Jenan Sha Aban, et al [6], Results obtained for mean rates 

of delay over simulation run is also given. 

Josefa Hernandez, et al have discussed the TRYS model, a good way of presenting the 

traffic control model in Real time traffic Management through knowledge based 

models: TRYS approach [4], A set of data bases, each one describing the physical 

structure of a problematic area, a collection of frames representing demand models of 

different problem areas and the knowledge base to support control decisions 

organized as a collection of control frames are included in the TRYS approach. 

Michael and Randy Machemehl[3] have shown more experiment oriented delay 

optimized approach and the delays have been calculated. 
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1.4 Contributions of the research 

This project is investigating a method of adaptive traffic signal control over the real 

time approach, which will meet the changing traffic needs. It has a decentralized 

control strategy. It was designed to suit for an intersection in Colombo city. The 

controller is to be installed at the junction and control strategy is to control the traffic 

flow at that junction only. Since each junction has its own controller, the need for a 

central controller is not needed. 

Single input single output Fuzzy Inference System is to decide the green time of that 

particular approach and all four splits are totalized to calculate the cycle time. The 

opening of each approach at the given cycle is taken place starting from the north 

approach and is ended at West. The outputs of the controller are energized following 

that mentioned sequence. A simulation model was developed to meet the above 

design. Simulation results for a set of data and the comparison with the existing fixed 

time control system are also provided. 

1.5 Organization of the report 

In this chapter, a focus of the concept development is introduced. In chapter 2, four 

most popular adaptive traffic control systems are described from reviewing the 

previous work carried out in this topic. In chapter 2, the way of detection, the way of 

getting influence and the effect of detection values to the influence are discussed. 

Chapter 3 presents the Fuzzy Control Strategy development in the research. The way 

of control mechanism developed and the way of controller perform are discussed in 

this chapter. Chapter 4 provides the simulation results for a set of cases and a 

comparison of the intelligent control model with the existing fixed time control 

system is also provided. 
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