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ABSTRACT 

1. INTRODUCTION 

The increasing development in the 

countries has resulted in people moving 

towards the metropolitan cities. As a result, 

the traffic congestion is increasing day by 

day. The increasing urban traffic 

congestion in metropolitan cities and the 

unavailability of space for the construction 

of new highway infrastructure has led 

traffic signal control to play a vital role in 

the urban traffic management. Every day 

people spend a huge amount of time and 

resources by unnecessarily waiting in the 

long queues at the signal intersections. A 

smooth flow of traffic through the 

signalized intersections need the signal 

timings to be adjusted according to the 

actual flow of vehicles. Fixed signals with 

different cycles for peak hours can be 

effective to some extent but smart cities 

require a smart traffic signal control system 

that can adjust timings according to real 

time traffic volume. The real time data of 

traffic volume can be used to alter the signal 

timings so that the green time is provided 

according to the traffic volume at different 

links. Such cycles, based on the real time 

traffic volume on the approaches can be 

very much effective in reducing queue 

lengths and travel time. This paper 

discusses some of the techniques for real 

time optimization of the traffic signals. 

These techniques select the optimal phases 

in a semaphoric cycle based on the real time 

traffic volume thereby reducing the 

vehicles at the traffic signals. The 

applications of these techniques have 

shown their ability to minimize the queue 

lengths at the signalized intersections. In 

addition to saving the travel time such 

cycles can be beneficial for the 

environment also. Optimized signal timings 

will contribute in reducing pollution and 

saving the resources as lesser travel time 

means lesser burning of fuels in the vehicle 

engines. Thus, real time optimization of 

traffic signals can reduce the travel time and 

will be effective in moderating the traffic 

congestion in the area, providing a hassle 

free flow of traffic through the cities. 

2. REAL-TIME OPTIMIZATION 

MODELS 

2.1 Multi Objective Discrete Differential 

Evolution [1] 
Multi Objective Discrete Differential 

Evolution is a real time and on-line traffic 

signal control approach which is based on 

forecasting technology. In this approach the 

multi-phase and multi-objective point 

control model and line-control model are 

built and then the characteristics of real-

time traffic control are combined in order to 

introduce a multi-objective discrete 

differential evolution (MDDE) for the 

optimizing the phase period configuration 

and cycle period of the traffic signal. 

Furthermore, the real-time traffic flow 

sequences generating program are 

integrated with the real-time and on-line 

urban traffic signal control approach to 
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develop a traffic signal control and 

performance evaluation platform. In the 

experiments a flux range of 200 to 600 

vehicles/hour is taken for traffic flow; a 2 

second sampling interval is taken; and 3000 

seconds is the total sampling. The number 

of vehicles randomly generated at the 

beginning of the first cycle are assumed to 

be among 0 to 6 vehicles. A 3 second 

yellow signal period is taken for each 

phase. Then the F-B approach is utilized to 

calculate phase period configuration. Then 

firstly the Point-control approach was 

compared with the F-B approach by 

simulating 10 continuing periods. The 

results showed that the proposed Point-

control approach has better performance 

than the F-B approach. Thus indicating that 

the Point-control approach can effectively 

lower the urban traffic pressure and reduce 

the waiting time and travel time. Then a 

real-time traffic flow sequence was used to 

test the line-control model. The phase 

configuration and performance was 

compared for 10 continuing cycles. The 

results showed that the line-control model 

accurately forecast the number of vehicles 

in the next cycle. Thus the line-control 

approach has a better overall performance. 

Thus, through the experimental results it 

can be seen that the proposed approach 

obtains better configuration scheme for 

traffic signal and has better real-time 

performance. 

 

2.2 Coordination and Real Time 

Optimization [2] 
In this paper the focus is on the 

synchronization of the consecutive signals 

for the improvement of traffic flow. The 

inadequate offset determination greatly 

reduces the effectiveness of locally 

optimized signal timing plans. In other 

words, although a timing plan may be 

optimal for the whole area, the local 

semaphoric cycle of an intersection may 

disrupt the vehicles progression through the 

system because of local traffic demand. 

Improper synchronization between 

consecutive signalized intersections in the 

same direction may cause spillbacks. A 

spillback is a phenomenon in which the 

vehicles moving from one intersection to 

other intersection comes across only the 

end part of the green phase and thus 

resulting in long queues which causes 

oversaturation and blocking. This paper 

proposes a heuristic method to determine 

the offset value on the basis of the 

information of the actual traffic condition. 

The most common value of offset is chosen 

as the length of the link between two 

consecutive intersection divided by the 

average vehicle speed. This method of 

determining the offset is realistic when 

there are uncongested traffic conditions. 

But, when long queues are formed in the 

link lanes then the time to drain the queue 

should be taken into account while 

determining the offset. Further this model 

also considers the average vehicle 

acceleration time to reach steady state 

speed and driver reaction time for 

determination of clearance time necessary 

for the queue of vehicles to leave the lane. 

Then the free travelling time is determined 

taking into account the number of vehicles 

leaving the queue and the correction factor. 

Thus the offset was determined using the 

clearance time and free travelling time, 

therefore obtaining a more realistic offset 

value. These offset values were used to plan 

the signal timings and results showed an 

improvement in the traffic condition of 

each link. The spillback phenomena which 

was seen initially rising was removed and 

the capacity of the links was more utilized. 

Thus the results showed the efficiency of 

the method to determine the offset value on 

the basis of the knowledge of the traffic 

condition. 
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2.3 0-1 Integer LP Formulation [3] 
Other than the heuristic optimization model 

there is a second class of optimization 

model which uses purely mathematical 

program. This model cannot cover all the 

aspects and features of a large road 

network, but it can provide a benchmark to 

evaluate the performance of the heuristic 

model. Xiu Ping Sun presented a 0-1 

integer linear program for the traffic signal 

optimization problem. The intersections in 

the network under consideration for this 

model can have different semaphoric cycle 

length. The phase sequence is known for 

each individual intersection, but the 

relationship between the phase sequences 

of each two intersections is unknown. The 

minimum common multiple of all the cycle 

lengths is taken as the time horizon under 

consideration. A state of the signal light in 

each time period is decided corresponding 

to the minimum total delay of the vehicles 

in the network. There can be large number 

of 0-1 variables in this problem but they are 

constrained by several constraints which 

can decrease the number. The proposed 0-1 

Integer LP model was studied on a 

particular case of network containing 8 

nodes and 2 intersections. The cycle lengths 

of the two intersections were 60s and 120s, 

thus 120s was taken as the time horizon 

under consideration. The optimal solutions 

were obtained from many 0-1 sequences 

satisfying the constraints proposed in the 

respective case. Then, using a code segment 

all the ration 0-1 sequences for each link in 

each semaphoric cycles were obtained. 

Thus the optimal duration of all green 

phases of all links was obtained. Therefore, 

in this paper a new traffic network model 

based on 0-1 integer linear program was 

proposed, which considered the case of 

semaphoric cycle lengths and combine the 

identification of optimal phase relationship 

between all intersections and durations for 

the signal phases into one problem. Finally, 

an optimization model was proposed based 

on some assumptions and a simple network 

containing two intersections was studied 

and optimal results were provided. 

 

2.4 Decentralized Scheme for Real-Time 

Optimization [4] 

Another model for real-time optimization 

of traffic signals a highly decentralized 

adaptive signal optimization method called 

ALLONS-D (Adaptive Limited Lookahead 

Optimization of Network Signals- 

Decentralized Version). It is based on the 

Rolling Horizon Dynamic Programming 

technique. In the use of this method, the 

margins of improvement are significant 

when compared to the standard Webster’s 

criteria for signal setting. The objective of 

this method is to minimize the total delay 

experienced by all network traffic at each 

intersection in a given network. The 

primary feature distinguishing ALLONS-D 

from schemes such as SCOOT and SCATS 

is that it is not constrained to generate cyclic 

plans. Any arbitrary phase sequencing and 

phase splits are permitted subject only to 

constraints of a minimum green and a 

maximum green time for any phase, in the 

interests of safety and fairness respectively. 

ALLONS-D can consider additional 

priority for vehicles of different types 

and/or occupancy levels in the traffic 

stream. The ALLONS-D decentralized 

architecture, consists of an individual signal 

controller at each intersection of the 

network. These individual signal controller 

attempts to minimize the average delay at 

all the approaches to their respective 

intersections. The signal optimizer at each 

intersection needs information on the 

current queue lengths and future arrivals at 

its approaches for the purpose of generating 

efficient timing plans. Whenever the 

optimizer recalculates the signal plan, 

which is at a pre-set time period, it takes a 

snapshot of the system and collects the 

arrival information on all of its approaches. 

Further we assume that the controller looks 
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only as far upstream as the previous 

intersection. Traffic on links that are further 

upstream is ignored. The upstream 

detectors located on all approached to the 

intersection, a combination of upstream and 

downstream detectors, or surveillance 

cameras can be used to avail the queue 

lengths and arrival information required by 

the optimizer. The intersection controller 

requires knowledge of the exact time at 

which the vehicle arrives at the end of the 

link and the queue it joins on reaching the 

intersection. An extensive set of 

simulations was performed under-saturated 

and over-saturated intersections and 

networks to evaluate the performance of 

ALLONS-D. These simulations involved 

networks of different topologies and sizes 

and different sets of travel demands. At the 

beginning of each simulation, it was 

assumed that there are no vehicles in the 

simulated network. Firstly, a single 

intersection network was simulated which 

was approached by two one-way, one-mile-

long roads. The saturation flow rates of 

1200 vehicles per hour was taken for both 

approaches. Seven simulation tests were 

conducted and compared with the results 

from the INTEGRATION software which 

is based on the Webster’s method. 

ALLONS-D outperforms any pan 

computed by INTEGRATION which is 

using Webster and adaptively re-optimizing 

every 60 seconds. Secondly, an arterial 

network was simulated, each link in the 

arterial was 1500 feet long. In this case also 

the ALLONS-D algorithm outperforms the 

best plan found by adaptive implementation 

of Webster’s method. Lastly, a triangle 

network was simulated and here also 

ALLONS-D outperformed 

INTEGRATION. 

 

3. CONCLUSION 

In this paper, some of the Real-time 

Optimization models for Traffic Signal 

Control have been discussed. It is observed 

that all real-time optimization models were 

better than the standard fixed or variable 

signal timing models based on the 

Webster’s formula. Thus, in the actual field 

conditions, these real-time optimization 

models proved to be better in reducing the 

travel time and delays.  
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