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Abstract—Genetic Algorithm (GA) is implemented and 

simulation tested for the purpose of adaptable traffic lights 

management at four roads-intersection. The employed GA uses 

hybrid Boltzmann Selection (BS) and Roulette Wheel Selection 

techniques (BS-RWS). Selection Pressure (SP) and Population 

(Pop) parameters are used to tune and balance the designed GA 

to obtain optimized and correct control of passing vehicles. A 

very successful implementation of such parameters resulted in 

obtaining minimum number of Iterations (IRN) for a wide 

spectrum of SP and Pop. The algorithm is mathematically 

modeled and analyzed and a proof is obtained regarding the 

condition for balanced GA. Such Balanced GA is most useful in 

traffic management for an optimized Intelligent Transportation 

Systems, as it requires minimum iterations for convergence with 

faster dynamic controlling time. 
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I. INTRODUCTION 

As a result of population growth, increased level of 
pollution, people migration to urban areas from rural and to 
cities from urban areas, traffic congestion issue became more 
critical and pressing. Hence, Traffic lights optimization using 
adaptive and intelligent algorithms in conjunction with smart 
sensing is a must under these circumstances. This comes under 
design optimization, where smart algorithms such as genetic 
and fuzzy logic algorithms are employed to improve an 
existing transportation network as a function of increasing level 
of traffic flow levels, resulting in traffic congestion, delays, 
higher fuel consumption, air pollution and increase probability 
of traffic incidents [1-2]. 

In conjunction with population growth, a marked increase 
in the automotive industry is witnessed, where millions of 
vehicles are put on an existing roads. Monitoring the vehicular 
activities is an important issue to the transport authorities. Such 
large number of vehicles have a major impact on the 
environment and daily living of people using these roads due to 
congestion and delays [3-4]. 

The congestion issue forms a bigger problem on lanes and 
roads that are not structured appropriately, where it has a major 
effect on vehicular movements in a city. In particular at the 
intersections or with every region of traffic signal, especially 
during the peak hours. Shortening the duration of the traffic 

light signal, would not greatly improve traffic flow as 
important parameters, such as, que length and vehicle speed are 
not taken into account in a standard control algorithm [5]. 

Traffic congestion is a critical issue in affecting the lives of 
the society. Many areas suffered from long term 
socioeconomic damage owing to growing traffic congestion. 
To resolve urban congestion, conventional alternatives of 
increasing road capacity through road network expansion is 
limited in effectively reducing congestion, as large capital 
investment and stakeholders support is needed. 

Intelligent Transport System (ITS) is used for the last few 
years in an effort to enhance efficiency and effectiveness of the 
existing transportation infrastructure by employing various 
sensor and communication technologies. Adaptive traffic 
signal control systems try to use the principles provided by 
artificial intelligence in an attempt to reduce congestion and 
provide safer traffic operations for both vehicles and 
pedestrians. 

II. BACKGROUND 

Excessive Traffic density on the roads is a critical issue, as 
it leads to congestion. This is caused by rise in the number of 
vehicles and due to expansion and urbanization. Limitations on 
development and building of new highways and roads, initiated 
the need to optimize the use of existing infrastructure to 
achieve optimal flow of traffic. In addition, important time 
wasted because of traffic congestion, will implicitly affect 
productivity and performance, and thus affects people’s lives, 
both economically and socially. 

Traffic light signal management and control has a marked 
impact on the efficiency and effectiveness of urban 
transportation systems. Conventional Traffic light signals are 
pre-programmed, pre-timed signals. Pre-timed control 
comprises a series of fixed duration intervals that are repeated 
continuously. Advanced Traffic light signals can operate in two 
ways: 

1) Actuated mode: Actuated Traffic Light Signals detect 

and respond to the presence of vehicles or pedestrians at the 

intersection. They are supported by detectors within the 

intersection and the necessary control functionality to respond 

to traffic density and demand, in order to affect the signal 

cycles times dynamically. 
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2) Adaptive mode: Adaptive Traffic Light Signals control 

system continuously calculates optimal signal timings based 

on detected volumes and dynamically implement them. The 

system smartly and efficiently responds to the abrupt and fast 

changes in dynamic traffic conditions. It uses data from 

vehicle detectors so that traffic signal optimization is 

achieved. 

Transportation network optimization (TNO) applied to 
traffic signal control, is implemented while considering route 
choice pattern of network users. It also include minimization of 
travel time and avoidance of new road construction. 
Conventional traffic lights operates using a constant switching 
cycle regardless of traffic load. Such static mechanism will not 
allow for variation of traffic load, events, emergency 
conditions, or general road incidents. Thus, there is a need for 
smart and adaptive algorithm that dynamically control traffic 
signals not only locally, but also all over the network for both 
vehicles and pedestrians. Such a critical solutions will carry out 
functional synchronization between traffic signals, in order to 
achieve a measurable reduction in congestion and delay levels, 
in addition to less pollution and safer driver and pedestrian 
roads. Such an objective can be achieved using genetic 
algorithm (GA) [6-10]. 

Genetic algorithms are used to imitate the processes of 
natural selection, where the best individuals have more 
probability to survive and their genes will be part of the 
creation of one or more offspring. Such process is repeated 
with the output of each new offspring is more fitted to survive 
than its parents. In the last few years, genetic algorithms found 
to present a suitable approach to complex transportation 
problems, as they are considered search algorithms that operate 
on the principles of natural selection. They determine a number 
of potential solutions within a population, with an encoding 
process that result in an optimized solution. In transportation, 
genetic algorithms are used to optimize and adapt the green 
interval response as a function of traffic density based on 
vehicles count [11-15]. 

Selecting the best parameters of a genetic algorithm, so as 
to obtain good results to optimize its performance, is very 
important to its effectiveness. Crossover, mutation rate and 
population size are the most influencing control parameters as 
reported by previous works [16-20]. However, pressure 
selection and population size in correlation is a new approach 
in balancing and GA algorithm optimization. 

In this paper an investigation is carried out regarding 
selection pressure and population parameters within a GA 
algorithm used for intelligent traffic lights control and 
management, in order to obtain best adaptable performance 
under dynamically changing traffic density. The two 
parameters and their correlative effect on the performance of 
the employed GA algorithm is mathematically analyzed, 
simulated and results discussed. 

III. METHODOLOGY 

The main objective of this work is to optimize the designed 
genetic algorithm in order to produce an optimum traffic lights 

control mechanism, which is adaptable in nature and intelligent 
in behavior. 

Selection process is a critical part in genetic algorithms, 
whereby chromosome is chosen from the available 
generation’s population to be included in the next generation. 
Fitness function based process selects the best chromosomes, 
which is used to improve chances of individual survival. 

The employed probability of selection process is based on 
two known algorithms: 

1) Boltzmann Selection (BS): The algorithm is based on 

simulated annealing. Annealing is based on cooling such that a 

low energy state is reached. During the process, heating until 

melting is reached at a high temperature, through which, 

random movement is realized. The temperature is slowly 

cooled until the minimum energy states achieved. The 

equivalence between the optimization process in this work and 

the Boltzmann Simulated Annealing (SA) is the need to 

achieve stable levels with better new solutions (optimized 

traffic signal timing). Boltzmann Selection (BS), general 

expression is presented in equation (1). 
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Where; 

yi: Fitness function value for initial solution 

yi+1: Fitness function value for the new solution 

T: New artificial temperature 

β: Normalization factor 

In the algorithm used in this work, the rate of selection is 
managed by a continuously changing Delay Time (DT) 
parameter, which is equivalent to temperature in Boltzmann 
algorithm (simulated annealing). Initially Delay Time (DT) is 
high. So, one DT (Shortest Delay Time (SDT)) parameter will 
be at first high and decreases, with another DT (Longest Delay 
Time (LDT)) providing Delay Time as a function of increase in 
the testing population. (SDT) decreases gradually which 
increases the effect of Selection Pressure (SP). This results in 
determining and mapping the search space. In Boltzmann 
selection, the probability of selecting best value is high with 
lower execution time. 

2) Roulette Wheel Selection (RWS): In this algorithm, 

selection of the fittest is carried out. The initial part of the 

selection process based on stochastic selection from one 

population to create the basis for the next population. In this 

process, the fittest have a better chance (probability) of 

survival than weakest ones. Thus, the fittest will move 

forward to the mating region to prepare for the next 

population. The process is shown in Fig. 1. 
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Fig. 1. Roulette Wheel Selection. 

 The number of times the roulette wheel runs is 
proportional to the size of the desired population. Whenever 
the wheel stops fittest individual will have a good chance of 
being selected for the next population and subsequent mating 
region. 

The algorithm applies the expression in equation (2): 
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Where; 

n: Population Size 

m: Number of times the wheel rotated 

The combined Boltzmann Selection-Roulette-Wheel 
Selection (BS-RWS), for genetic algorithms (GAs) is based on 
both entropy and importance sampling methods. It naturally 
leads to adaptive fitness in which the fitness function does not 
stay fixed but dynamically varies. 

Two important controlling parameters are used in 
optimizing and validating the used genetic algorithm for a four-
traffic lights intersection covering four roads (Rd.1, Rd.2, Rd.3, 
Rd.4), each having a capacity of 60 vehicles: 

1) Selection Pressure (SP) 

2) Population (Pop) 

Selection Probability (SProb) for traffic lights control, 
which in effect manages the number of vehicles passing from 
road to road at the four-road junction is governed by equation 
(3), which is based on Boltzmann general expression in 
equation (1). 
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Where; 

(SDT): Shortest Delay Time (Best Time), which is a 
dynamic parameter that varies with number of iterations (IRN). 

(LDT): Longest Delay Time (Worst Time), which is a 
dynamic parameter that corresponds to Temperature in 

Boltzmann Selection (BS) and varies with Population 
exploration. Equation (3) can be rearranged as in equation (4) 
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SDT and LDT are important parameters in the genetic 
algorithm computations, as they are related to the used fitness 
function. They are vital for the designed algorithm in 
determining the value of SProb, and thus, affect its controlling 
mechanism and number of Passing Vehicles (PV). Hence, 
SProb is a function of both the Selection Pressure (SP) and the 
dynamic ratio of the genetic algorithm times that depends on 
the population value, which is related to other parameters such 
as offsprings, mutants and crossover levels. 

Thus, selection of SP and Pop, will affect SProb, which in 
turn affects the algorithm computations and Vehicles Passing 
Rate (VPR). So, balancing and optimization of the two values 
will result in a tuned, balanced and efficient GA for traffic 
signals and traffic control and management. 

Two conditions associated with Selection Pressure: 

1) High Selection Pressure Value: Early convergence. 

2) Low Selection Pressure Value: Late convergence. 

Thus, an optimum selection pressure value is needed for 
optimal control of traffic lights, which is a dynamic, 
changeable value function of traffic density, which is computed 
in the designed algorithm as in equations (5) and (6) for each 
road i. 
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Where; 

TP: Traffic Pressure 

TPR: Traffic Pressure Ratio 

PV: Passing Vehicles 

RC: Road Capacity 

i: Road at the 4-road intersection (i=1, 2, 3, 4) 

PV is related to both SP and Pop, subsequently is affected 
by SProb, which is a function of SDT and LDT and SP. Equal 
PV for same TP per road should be equal for the GA algorithm 
to be considered balanced and optimized. The general process 
of optimization is shown in Fig. 2. 

The idea is to optimize the GA performance using both SP 
and Pop to match the balancing data shown in Table I. 
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Fig. 2. GA Optimization Algorithm. 

TABLE. I. GA BALANCING REFERENCE VALUES 

POPi 
Vehicles Passing Times (sec) No. of Passing Vehicles 

Rd.1 Rd.2 Rd.3 Rd.4 Rd.1 Rd.2 Rd.3 Rd.4 

SP         

2 17 57 57 17 7 23 23 7 

4 17 57 57 17 7 23 23 7 

6 17 57 57 17 7 23 23 7 

8 17 57 57 17 7 23 23 7 

10 17 57 57 17 7 23 23 7 

IV. RESULTS 

Table II shows the number of Iterations (IRN) required for 
each Selection Pressure Value to achieve balanced and 
optimized GA performance as a function of the relationship 
between Population (Pop) and Selection Pressure (SP), with 
plots representing the data shown in Fig. 3 as a function of SP 
and in Fig. 4 as a function of Pop. 

TABLE. II. IRN AS A FUNCTION OF BOTH SP AND POP 

Iterations (IRN) Population (Pop) 

SP 200 400 600 800 1000 

2 650 350 300 50 50 

4 500 200 50 150 50 

6 300 50 200 50 50 

8 450 50 200 50 50 

10 950 400 400 400 50 

 

Fig. 3. Iterations (IRN) as a Function of SP Per Specific Pop. 

 

Fig. 4. Iterations (IRN) as a Function of Pop Per Specific SP. 

V. ANALYSIS AND DISCUSSION 

The analysis process is based on the stability criteria, 
whereby, a correlation between three parameters (SP, Pop, 
Iterations) is carried out, with final correlation to smooth and 
correct traffic lights control at the junction, such that the four 
roads will pass the correct number of vehicles. This is a 
calibration and load balancing measure, which is based on 
initial conditions of equal traffic pressure for opposing roads. 

Table II shows data represent the Iteration parameter as a 
function of the relationship between SP and Pop, whereby 
Iterations are dependent on the two parameters (SP, Pop) with 
each SP level is fixed for a variable levels of Pop. The general 
form of dependency is described by equation (7). 

  )7...(, PopSPfIRN              (7) 

Now, Pop affects LDT, hence affecting SProb. Also, SP 
affects SProb according to equation (4). Thus, IRN, will affect 
SProb and by using both equations (4) and (7), equation (8) is 
obtained. 
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The PV parameter depends on SProb, hence, can be 
described by equation (9). 
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Then, for each opposite and equal TP roads, the difference 
in the rate of change should be zero for balanced GA 
algorithm. Thus; for i (1 to 4): 

   )10...(0 iii IRNfgPV
           (10) 

The condition in equation (10) will only apply if the 
number of iterations in the GA algorithm is the same for each 
SP and Pop to enable same number of vehicles to pass on each 
road as a function of TP. This condition is valid for stable GA 
algorithm. Hence, when achieved, the GA algorithm is 
balanced and optimized as equation (11) shows. 

)11...(0 iIRN
            (11) 

From Table II, it is clear that the Steady State (SS) values is 
reached for the GA algorithm controlling four traffic lights 
with one intersection at Pop=1000, with minimum number of 
Iterations of 50, which is also constant for all levels of SP. 
Such convergence, appears in Fig. 2. 

Table III, presents data that shows effect of Pop on IRN in 
order to reach SS, with Fig. 3 showing the convergence to an 
SS described by the pairing in equation (12): 

)12...(),( IRNPopSS              (12) 

From Table II, it is realized that for some SP, Pop values 
oscillation occurs during tuning and balancing of the GA 
algorithm. The two non-oscillatory values are shown in 
Table III, with SP=2 having early convergence to minimum 
number of iterations. Non-oscilatory SP, Pop pairs are prefered 
in the balancing process to other values, eventhough the 
convergence condition achived with intermediate GA 
oscillations. 

Fig. 5 to 8 show SDT and LDT for the two non-oscillatory 
SP values. 

TABLE. III. NON-OSCILLATORY SP AND POP 

Iterations (IRN) Population (Pop) 

SP 200 400 600 800 1000 

2 650 350 300 50 50 

10 950 400 400 400 50 

 

Fig. 5. {2,1000} SDT Curve. 

 

Fig. 6. {2,1000} LDT Curve. 

 

Fig. 7. {10,1000} LDT Curve. 

 

Fig. 8. {10,1000} LDT Curve. 

VI. CONCLUSIONS 

The obtained condition for number of interactions (IRN) in 
this work and subsequent steady state condition specified, is an 
important achievement, as it uncovers conditions of constant 
and low number of iterations necessary to obtain balanced, and 
optimized GA control algorithm used in the management of 
traffic lights signaling process. The used technique locally 
weights the processes using both Pop and SP correlation, 
which enables optimized functionality and better forecasts to 
achieve optimal dynamic traffic modeling. The balanced GA 
algorithm proposed in this work offers tangible advantages. 
Future work requires the extension of such application of 
balanced GA algorithm is recommended to cover multi-section 
traffic control, whereby each four-road, single intersection is 
regarded as a single parameter and correlated with other similar 
structure to cover more complex arrangement. 
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