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Abstract. In this paper, the development of intelligent system makes the Decision-making  

extension is possibility in order to extend the time of green color and improve the timing of 

the adoption of the density of vehicles in real time at intersections using fuzzy logic and 

genetic algorithm. Traffic control is the synchronization of time in each of the stages in order 

to reduce downtime, delay and the increase in total production of vehicles and the 

development of efficient control in real time. We use fuzzy logic for their ability to adapt with 

traffic conditions. However, complex and non-linear processes and their ability take decisions 

with incomplete information by quickly and effectively way. For reaching to the optimal 

performance of the junctions we use genetic algorithm Search to find the best version to 
choose. 
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1 INTRODUCTION 

In a conventional traffic light controller [16][20][12] has cycle times, which are not optimal 

and fixed .Traffic control methods include, fixed-time control, area static control and area 

dynamic control [4][18]. Traffic light controller is unable to solve the congestion in the 

intersection because there are empty lanes of vehicles at the intersection of roads while the 

other lanes are filled by them according to the rush hours and direction. By developing on 

traffic lights they can be able to overcome these obstacles and interaction with the 
surrounding environment. We will use the fuzzy logic [3][16][5][6] and genetic 

algorithms[1][2][8] technology to ensure smooth flow of traffic and overcome the 

shortcomings, deficit and increase of vehicle flows and decrease traffic delays under traffic 

conditions. To make optimal decisions we use processing techniques like wireless sensor 

network to know incoming and outgoing links (lanes) the controller utilize the information 

which receives from these sensors [12]. the main idea in this paper is to solute congestion 

intersections , reduce travel time and fuel consumption so that leading to reduce pollution and  

help people and save them  by using Intelligent Transportation Systems (ITS)[15][17]. 

Congestion of traffic has many variables and they are time, day, season, weather and 

unpredictable situations such as accidents, special events or constructional activities. 

Intelligent Transportation Systems (ITS) applications in traffic signal control system to 
develop systems it reduce congestion and operational costs, provide alternate routes to 

travellers, enhances productivity and increase the capacity of infrastructure. 

2 INTERSECTION   

Avoidance of Collision by a concept of stop vehicles front lanes through Traffic light 

management at an intersection and it is hard challenge and complex. In this paper the 

intersections consist of the phases [13] and the cellular automata (CA) [1]. Driving rules of 

vehicles depend on using (CA) and how to use (CA). Each link (lane) is divided into a 

number of cells and has a unique ID number. A size of the road-cell is 16 pixels and each 

file:///C:/Users/user/Desktop/March%202013%20Vol%205%20No%202/Final%20Draft/www.aasrc.org/aasrj
mailto:Systemout7@yahoo.com
mailto:eyasao@yahoo.com


www.aasrc.org/aasrj       American Academic & Scholarly Research Journal       Vol. 5, No. 3, April 2013 
Special Issue 

 

287 

vehicle occupies two cells (32 pixels), where the vehicle can occupy the road-cell or not that 

means it will be empty [1]. We use cellular automata  algorithm (CAA) in this paper because 

it allows us the first reason represent significant events during congestion such as traffic 

standstill, resume motion, return to standstill again, and so on. The other reason we can 

identify a vehicle’s basic attributes that includes medium speed, maximum speed, vehicle 

location, desired speed and current acceleration. Traffic light can be divided into two types 

and they are red and green colour through calculation the green splits and cycle lengths. It 

depends on real-time of traffic data in road networks. Phase is a set of lanes in traffic its job is 

exit vehicle from the intersection it is presented by drawing the traffic flow [5] of the green 

light it is shown in Figure 1, they are eight phases and all of them is called a one cycle. The 

length of a one cycle is determined by the length of many phases (Φi, i = 1,…., N)  that 
completes the one cycle through the intersection[3][20]. 

 

Figure 1. The one cycle contains 8-phases. 

 

Traffic light controller has two types in each cycle (all phases) they are: 1) fixed-time (FX) 

and 2) Real-time [7]. Fix time (FX) is predetermined in all length of phases (one cycle), by 

using statistical data in last year's. Real-time (RT) or dynamic approach is used in a length of 

cycle it depends on the traffic condition or emergency. An advantage of Real-time is an 

exploitation of real time and the modification. Phases can adapt according to traffic 
conditions. Green light indicates to an active phase and its period can gradually extend when 

there is congestion that means when vehicles arrive and each of them has Time of an arrival. 

The extension of time is limited, maximum 205 seconds. And red light is the end of the 

current phase and a beginning of the next phase. when  vehicles reach to intersections they 

store information about themself and they are ID number, performance, size, arrival time, 

arrival velocity, type of turn, arrival lane, etc[9].Fuzzy in traffic lights controller consists of 

three modelling 1) the Green Phase module and, 2) the Next Phase Module, 3) the Decision 

Module [13].  

3 THE GREEN PHASE MODULE    

nowadays we are using (CA) and rules of driving , in order to observe conditions of flow of 

traffic of the green phase only by knowing inputs of the number of vehicles, through the local 

detectors (detectors are within the lane itself) ,remote detectors (detectors are from neighbor 

lanes). 
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3.1 Fuzzy logic systems   

We discuss the implementation of control system of intelligent traffic lights by using 

technology of fuzzy logic which has the capability to mimic the intelligence of human that 

means it is as thinking as humans, for controlling traffic lights, analysis, ability to take 

decision in an environment that it lacks the information and easy and very suitable for non-

linear processes such as density, cost, waiting time, etc [11]. Fuzzy logic allows the 

manipulation of linguistic data (Large, Medium and Small) and inaccurate, as a useful tool in 

the design of signal timing. A fuzzy system element as it is shown in Figure 2[14]. 

 

Figure 2.  Elements of Fuzzy logic System. 

3.1.1 Input and Output of Membership 

In this paper, function of Membership is analysis variable of fuzzy for two inputs and one 

output as it is shown: 1) Variable of Input AVi is the numbers of the vehicles when they 
arrive at the crossroad (Arrival).2) Variable of Input QGi is the number of the queue of 

vehicles (Queue). 3) Variable of Output is the Extension of Time in the current green phase, it 

is symbolize by (ΔT) [10]. 

3.1.2 Functions of the membership 

The graphical representation of the linguistic variables is presented as it is shown in Figure 3. 

we can see the  Degree of membership of fuzzy variables on y-axis  and the universe of 

discourse it is also called the reference super set on x-axis (Time second) . Fuzzy Variable of 

Output which is existed in x-axis it is called the universe of discourse is the length of time to 

extend it (seconds). linguistic values are divided into different fuzzy subsets:  1)AVi = {VS, 
S, M, L, VL}.2) QGi= {VS, S, M, L, VL}.3) ΔT= {D, C, I}. VS is Very Small, S is Small, M 

is Medium, L is Large, VL is Very Large, D is Decrease, C is Constant, I is Increase. i refers 

to the sequence number of the signal current phase. 

3.1.3 The Basic Rules of Fuzzy 

the linguistic control strategy that is decided by “if-then-else” statement .The basic function of 

The Basic Rules of Fuzzy  is representation the expert of knowledge in a form of IF-THEN a 

structure of the rules combine AND/OR operators. We have 25 fuzzy rules, IF the number of 

vehicles which are waiting in line or queuing (Q) is medium AND the number of vehicles 

which arrive or arrival (A) is small THEN the allocated time for the green light (T) decreases 
Some of them are shown in Table 1. 
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Fuzzy Variable of Input 1: Arrival (AVi) and 2: Queue (QGi). 

 

Fuzzy Variable of Output: Extension Time (ΔT). 

Figure 3. Graphical representation of Functions of the membership of the fuzzy logic controller. 

TABLE I 

FUZZY VARIABLES OF ARRIVAL, QUEUE AND EXTENSION OF THE TRAFFIC LIGHT CONTROL. 

            QUEUE 

ARRIVE  
VS S M L VL 

VS D D D D C 

S D D D C C 

M D D C C I 

L D C C I I 

VL C C I I I 

3.1.4 Inference Engine  

Inference Engine divides into two classes: the first class is an assignment of the Inference and 
the second class is mechanism of action Inference. An assignment of the Inference, it reduces 

time of the total delay and waiting of vehicles as well as to avoid traffic congestion and 

synchronization of the local traffic controller with its neighbors. The green lights will be 

extended and the next phase is continued with notice the density of the vehicles at any 

junction. The mechanism of action Inference, the fuzzy inference evaluates the stored rules in 

the basic rules of fuzzy and then sending it to Defuzzification. its job is process of input 

functions of Membership (AVi, QGi) to convert (retranslate)  values the fuzzy output (ΔT) to 

become real crisp values. 

3.1 Unit of Extension 

The green lights will be extended and the next phase is continued with considering the density 

of the cars at any of the intersection, through Moving vehicles. Moving vehicles consists of 

detectors (sensors, camera, cellular automata (CA), etc) which they can activate a change in 

the length of phase. Each road in the junction has a detector for vehicle that detects of the 

presence of vehicles at each of the junction. Moving vehicles use two parameters [13]. Initial 

Interval: a phase takes the green light (starts green single) that is applied in fuzzy logic for 

controlling on traffic light, and making it to begin from 5 seconds. Unit of Extension  : After 

the Initial Interval had finished, the green color will extend if it detects the urgent need to 

expansion , in this paper  Unit of Extension  means 40 seconds, the green color mustn't exceed 

205 seconds that means five times of Unit of Extension with initial interval in order to achieve 

the justice. Then Decision Module will stop operation of extension when it reaches to 205 

seconds (five times) or detects that there isn't any vehicle at intersection. 

4 THE GENETIC ALGORITHM 

The Genetic algorithm (GA) is executed to obtain the best possible solution and steps of 

algorithm are: 
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4.1 Computes the fitness function 

The genetic algorithms discard any solutions with a weak fitness value and accept any good 

fitness value, where Fitness is quality of solution; the value that is assigned to an individual 

(Chromosomes) is based on how far or close from the solution. The Greater fitness value is 

the best solution therefore, is chosen. 

4.1.1 The algorithm calculates the green times (GTV). 

GTV= AVi * Time      (1). 

 Where AVi is the quantity of the vehicles which arrive at the crossroad (Arrival). 

4.1.2 The algorithm calculates the length of queue for vehicles (Queue, Qgi). 
Qgi=Vp1+Vp2+Vp3+Vp4     (2). 

Qgi= Qgi*(VAVG)      (3). 

Where VPi counts the number of vehicles in every phase when traffic light becomes 

red. VAVG is the average of arrival vehicles at intersection through red color. 

4.1.3 A Performance of indexes 

A fitness function (F) consists of linear combination of a performance of indexes in 
all of the four lanes. 

 F = P.I.1 + P.I.2 + P.I.3 + P.I.4.    (4). 

 Performance Index (P.Ii) depends on capacity of the road and its priority. 

4.1.4  Important Vehicles 

Important vehicles which have the priority such as ambulance, fire-fighter, and 

police. We will give vehicles a weight if it is necessary in order to support the road 

with green color, avoid delay, justice and give the security. 

P.Ii= Wi*Qgi/GTi  i=1, 2, 3, 4.   (5). 

Wi is a weight which is given to road i. GTi is sum Green minimum time with green 
extension time ΔT. 

0 start: Create population of chromosomes 

1 Fitness: Evaluate Fitness F(X) of each chromosome in the     

                 Population  

2 New populations: 

                    0 selection based on F(x)      

      1 Recombination: Cross-over chromosomes 

      2 Mutation: Mutate chromosomes 

      3 Reject or accept new one  

3 Replace: Replace old with new population: the new   

                   Generation. 

4 Test: Test problem criteria. 

5 Loop: Continue step 1-4 until criteria is satisfied. 
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4.2 Initialize of population  

Each chromosome means one Cycle and it contains four genes. The location of each gene 

determines the phase. One gen (phase) consists four alleles, 1) gen is green time (GT), 2) gens 

(phases) are red time (RT) mean Queue (Qgi) and the other three gen weight (important 

vehicles). Every chromosome is a string of bits 0 or 1 after that we change the time from 

seconds to Binary code and then to Gray code. As it is shown in Figure 6. 

 

Figure 6. Building the chromosome in Intersection. 

4.3 The best solution for individuals 

It means when the traffic light become green for all the four roads time of green colour will be 

extended more times on original (fixed) time and execution in the emulator (the Decision 

Module).  

5 RESULTS  

For testing our traffic control system, we compare results fuzzy systems (FS) and genetic 

algorithms (GA) control with fixed time control system (static control). We did this 

experiment on 1000 vehicles in intersection it is shown in table III. 

TABLE III 
COMPARISON BETWEEN REAL TIME & FIXED TIME SYSTEM  

phase time FX RT 
1 8:00 120 260 
2 8:02 120 380 
3 8:04 120 125 
4 8:06 120 170 
 Sum car 480 935 

phase time FX RT 
1 8:08 120 45 
2 8:10 120 85 
3 8:12 120 125 
4 8:14 120 125 
 Sum car 960 1315 

6 CONCLUSIONS 

This paper shows performance of improvement and it is compared with fixed time cycle. 

Enhancing of the capacity of roads and traffic flow in the development of intelligent systems 

in real time. The concepts of genetics are translated into a search algorithm to reaching the 

best fitness (copies) namely Search to find the best version to choose. fuzzy systems (FS) and 

genetic algorithms (GA) optimize traffic light timings in real time where provide a set of 
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extension of optimum green time in the phases ,reduce average of waiting time vehicle , 

improve average of speed vehicle , reduce congestion and operational costs, provide alternate 

roads for travellers and enhance productivity. A length of cycle (all phase) depends on 

conditions of the traffic or emergency that means vehicles which have the priority such as 

Ambulance, fire fighter, and Police. 
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