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Abstract— As the traffic condition in urban centres worsens, there is a pressing need for the development of an automated 
yet cost-effective intelligent traffic signal system. The number of vehicles on the roads is constantly on the rise with the 
effective road real estate remaining a constant. The current implementation of traffic signals involves fixed countdown 
timers that leads to starvation, excessive grants, accidents and strangulation of emergency vehicles. This paper proposes a 
system to control the traffic signal using an ARM-based embedded system that makes use of pressure/proximity sensors to 
detect the presence of vehicles. The system, upon reading the level of traffic from the sensors, dynamically decides the grant 
timing for each lane, thereby reducing the average waiting time at the traffic intersections. Also, the system provides a traffic 
pileup reporting system. Emergency vehicles, through the proposed system can be given very high priority through the inter-
network between traffic signals. 
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I. INTRODUCTION 
 
The population contained in the urban centres is 
constantly on the rise thereby increasing the average 
waiting times at traffic signals. Traffic signal 
intersections today carry a countdown timer that 
shows the waiting time for each direction. However, 
this is prefixed and does not change with the 
changing traffic levels. Further, emergency vehicles 
like the ambulance and the fire engine also go 
through the same traffic setup. In order to 
accommodate emergency vehicles, the traffic signals 
must be made to communicate with one 
another[1].Also, the existing traffic system is 
incapable of detecting traffic pileups. Detection of 
traffic pileups can be groundbreaking for early 
reporting of accidents. Existing systems in use, thus 
have several drawbacks and the need for a new cost-
effective dynamic system arises.  

 
This paper proposes a system with the following 
objectives – 

 Dynamically grant time for each direction in 
a traffic intersection 

 Report a traffic pileup to the control centre 
 Provide a sensor-based network that can 

pave way for an interconnection of traffic 
signals in feasible cases 

Components of the proposed system –  
 Hardware module 
 Software module 
 Interfacing 

 
The hardware module consists of the 
pressure/proximity sensors that can be used to detect 
the level of traffic in the different directions. Each 
direction must use a set of sensors to read the levels 
of traffic in that direction. The interfacing of the 
software and hardware modules is done on an ARM 
core microprocessor[4]. In the prototype prepared, an  

 
Arduino was used for the same. The software module 
is an application running on the ARM core that mines 
data from the sensors and puts them to proper use 
thereby satisfying the above objectives[4].  
Thus, the following are the optimizations the 
proposed system aims to do –  

 Minimize the average waiting time at 
the traffic intersections[2]. 

 Maximize the average number of 
vehicles passing through an intersection 
per unit time[2]. 

 Maximize the priority given to 
emergency vehicles by giving control 
from control centre[1]. 

 Minimize the time taken to report a 
traffic pile up by reporting the 
occurrence of traffic pileups. 

 
II. METHODOLOGY 
 
The following are the steps involved in the adaptation 
of the adaptive traffic signal in consideration – 

 Mining of data from the sensors 
 Estimation of traffic levels in different 

directions 
 Allocation of green-signal grant time for 

each direction 
 Intercommunication of traffic signals 
 Reporting of a traffic pileup 

 

 
Figure 1 - Schematic Representation of System 
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Mining of data from the sensors – 
The sensors used are either proximity (infra-red) or 
pressure sensor. The functionality of the sensors is to 
help quantify the amount of traffic present in each 
direction of a traffic intersection. The sensors are 
placed in each of the directions at intermittent 
distances. The number of sensors used per direction 
at the traffic signal depends on the average traffic at 
the intersection. Also, the distance between any two 
sensors present in one direction of the intersection 
depends on the least count of traffic density required. 
Closer each sensor is to its nearest neighbor, more 
accurate the readings of traffic density become.  
 
Estimation of traffic levels in different directions and 
reporting of a traffic pileup – 
The data mined using the sensors is used to quantify 
the level of traffic present in the different directions 
in an intersection. The proposed system uses an 
embedded system[4] that runs the algorithm that 
quantifies the amount of traffic based on the readings 
from the sensors[3]. Consider the following algorithm 
used to quantify the level of traffic in one particular 
direction of a traffic intersection. 3 infra-red 
proximity sensors are used for the same. 

 
beginaverageRead(intpinNumber) 

 
1. i := 1 
2. reading := 0 
3. while i<= numberOfReadings 

 reading+= analogPinRead(pinNumber) 
 sleep(1000) 
 ++i 

4. reading /= numberOfReadings 
5. return reading 

 
beginobstacleRead(): 

 
1. obstacleIR1 := averageRead(IRPin1) 
2. obstacleIR2 := averageRead(IRPin2) 
3. obstacleIR3 := averageRead(IRPin3) 
4. prevTraffic := currentTraffic 
5. if( (obstacleIR1 < ambientIR1) && 

(obstacleIR2 < ambientIR2) && 
(obstacleIR3 < ambientIR3) ) 
 currentTraffic := high 

6. else if( (obstacleIR1 < ambientIR1) && 
(obstacleIR2 < ambientIR2) && 
(obstacleIR3 > ambientIR3) ) 
 currentTraffic := medium 

7. else if( (obstacleIR1 < ambientIR1) && 
(obstacleIR2 > ambientIR2) && 
(obstacleIR3 > ambientIR3) ) 
 currentTraffic := low 

8. else if( (obstacleIR1 > ambientIR1) && 
(obstacleIR2 > ambientIR2) && 
(obstacleIR3 > ambientIR3) ) 
 currentTraffic := very low 

9. if (prevTraffic == currentTraffic == 
high) 
 currentTraffic := traffic pile up 

 
Figure 2 - Representation of Sensors 

 
One possible problem that could arise from using 
sensors is the presence of outlier readings. The 
averageRead() function returns the average value 
over a predefined number of readings. This usage of 
averages negates the possible negative effect of the 
outlier readings. ambientIRxis the reading of IR 
proximity sensor ‘x’ with the absence of any traffic. 
Traffic pile up occurs when there the state of 
currentTrafficremains‘high’ even after allocating 
appropriate green-signal time for the already ‘high’ 
direction. 
 
Allocation of green-signal time for each direction –  
The green-signal time for each direction in a traffic 
intersection is directly proportional to the level of 
traffic in that direction. However, the constant factor 
must be predetermined through studying the other 
parameters of the road. The proposed system will 
show great performance in low traffic as the average 
waiting time would reduce. A maximum threshold 
time is maintained for heavy traffic, beyond which 
green-signal timing is not allocated. Ideally, 
performance of this dynamic green-signal time 
allocation traffic signal system would equal the 
performance of the static green-signal time allocation 
traffic signal system when the level of traffic is high 
in all directions in a particular traffic intersection. 
 
Intercommunication of traffic signals –  
Existing traffic signals have little to no 
intercommunication between them. This can be 
established only through inter-signal communication. 
This is proposed to be done through an inter-network 
using simple TCP/IP packets. Each signal gets a 
unique IP address that can be used for the 
transmission of packets.  
 
III. EXISTING AND COMPETING SYSTEMS 

 
The existing system has two primary disadvantages –  
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 Green-time is granted for the different 
directions in a traffic intersection statically 

 There is no provision for emergency vehicle 
propagation due to lack of inter-signal 
communication 

 There is no pileup reporting system 
 
Other proposed systems include the usage of image 
processing to dynamically allocate green-signal 
timing for the various directions present in a traffic 
intersection. However, it is known that image 
analysis is very processor intensive[5]. Also, each 
direction present in an intersection requires a separate 
image analysis and web cam module. This increases 
the requirement to more than one ARM core 
processor for large intersections[5].  
The system that is being proposed makes use of 
sensors that are very cheap compared to the web cam 
and image analysis modules that are required for 
image processing. Also, since the proximity sensors 
are placed out in the open, they can easily be repaired 
and maintained.  
Existing traffic signals have little to no 
intercommunication between them. This can be 
established only through inter-signal communication. 
This is proposed to be done through the internet using 
simple TCP/IP packets. Each signal gets a unique IP 
address that can be used for the transmission of 
packets.  
 
CONCLUSION 
 
The system shows great performance in low traffic 
despite not reflecting a similar performance in heavy 
traffic.  Under heavy traffic, the proposed dynamic 
green-signal time allocation system performs 
comparable to the static green-signal time allocation 
system. The following are the results obtained from a 
prototype built using an Arduino.  
 

 
 
The system can be extended by improving the extent 
of inter-signal communication where communication 
between traffic signals can reduce the average 
waiting time in several signals combined together. It 
is clear that though dynamic signal allocation is now 
very well known, scope for improvement over the 
proposed system is vast. It is only a matter of time 
that governments start to incorporate such systems in 
practice, decreasing the average waiting time at 
signals drastically.  
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