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ABSTRACT  
Roadways are the most important mode of transport in the world. There has been a continuous increase in the 

number of vehicles all over the world, which has left the most important ingredient of the traffic management i.e. 

traffic lights outdated. Traffic congestion nowadays is more often than not caused by large red light delays as the 

switching time of traffic lights are predefined. There is a need for sophistication in the traffic light control where 

real time traffic conditions should be considered as an input parameter to the controller and the time delays should 

be decided accordingly. In nutshell, there is a need for an improved and optimized traffic control system. Present 

Traffic Light Controllers, based on microcontrollers and microprocessors uses the pre-defined hardware, which 

functions according to the program that does not have the flexibility of modification on real time basis. This 

proposed system makes use of embedded technology along with image processing techniques of Image 

segmentation to control traffic locally at a road intersection. A comparison based on Image contours is made 

between two states of a road, one being, where it is congested with heavy traffic and the other where it has 

significantly less traffic. It is an improvement over the prevalent existing traffic light control systems in terms of 

efficiency and overall average waiting time for vehicles. Intervals between the green, yellow and red states of the 

traffic signal are based on current traffic density, which optimizes traffic light switching and avoids traffic 

congestion. A prototype for controlling traffic at the intersection has been designed and tested along with a real-

time computer simulation. The technique of counting contours is implemented via OpenCV, the segmentation of 

images of empty lanes are done beforehand and the information obtained from them is stored. The resulting output 

is then fed as input to the microcontroller system for traffic light control system on real time data. The objective 

to come up with a system to diverse traffic scenarios.   

KEYWORDS: Image Processing, Embedded Systems, Intelligent Traffic System, Image Segmentation, Traffic 

density.  

 I.  INTRODUCTION  

Automatic traffic monitoring and surveillance are crucial for making road usage and management more 

efficient. Traffic parameter estimation has been an active research area for the development of 

Intelligent Traffic Control Systems (ITCS). For ITCS applications traffic information needs to be 

collected and distributed. Various sensors were employed to estimate traffic parameters for updating 

traffic information. Magnetic loop detectors have been the most used technologies, but their installation 

& maintenance are inconvenient and might become incompatible with future ITCS infrastructure. It is 

well recognized that vision-based camera system are more versatile for traffic parameter estimation.  
Numerous techniques can be applied within the domain of vision-based systems as well. But, there is a 

trade-off between accuracy and processing time. Hence it is necessary to choose a technique which is 

sufficiently accurate and considerably fast. The processing time has to be reduced by converting the 

image inputs into easily analysable forms, where the well-known technique of Image Segmentation 

comes in handy.  This method of analysing the images is based on counting contours (closed loop) 

which takes minimal processing time. In this paper, this regime of image processing, is applied 

extensively in the Intelligent Traffic Control system and results are presented.  
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 An Intelligent Traffic Control System will suffice the need to tackle the problems of irregular traffic 

density and waiting times, and can have a major impact on the society. As already mentioned, The main 

objective for this project is to design a program and implement it on prototype hardware of intelligent 

traffic light system which can be feasibly extended to a system for real life implementations. The 

underlying principle of the prototype comprises of a system that uses image segmentation techniques to 

be implemented in a traffic light control system to ensures a safe and efficient traffic flow.  

The paper is organized as follows: Section 2 discusses previous works related to intelligent traffic 

control systems, section 3 gives the brief overview of Image Segmentation, Section 4 describes the 

proposed method, and Section 5 shows experimental setups followed by results in section 6. Finally, in 

section 7, conclusions and future scope are described.   

 II.  RELATED WORKS  

As mentioned already various techniques have been employed for making traffic management systems 

more efficient and accurate over the period of time. In this section various approaches mentioned in the 

past literature have been presented.   

In [1], fuzzy logic is used to improve the vehicular throughput and minimize delays. The rules of fuzzy 

logic controller are formulated by following the same protocols that a human operator would use to 

control the time intervals of the traffic light. In experiments the fuzzy logic controller showed to be 

more flexible than fixed controllers and vehicle actuated controllers, allowing traffic to flow more 

smoothly, and reducing waiting time. A disadvantage of the controller seems to be its dependence on 

the pre-set quantification values for the fuzzy variables.  

A PLC Based Intelligent traffic control simulator is presented in [2]. It makes use of infrared sensors 

where they are interfaced with the Lab PLC Module, with this interface being synchronized with the 

whole process of the traffic system. But, Infrared sensors have a quite narrow range of detection 

possibilities whereas using an imaging system opens doors for more detailed and advanced detection 

techniques. In [3], again a system based on IR Sensors and Radio Frequency Identification (RFID) 

technology is proposed with an additional feature of clearing out traffic in accordance with some set 

priorities, especially for emergency vehicles.   

An algorithm to determine the number of vehicles on the road is presented in [4]. The theme is to control 

the traffic by determining the traffic density on each side of the road and control the traffic signal 

intelligently by using the density information. The density counting algorithm works by comparing the 

real time frame of live video by the reference image and by searching vehicles only in the region of 

interest (i.e. road area). The computed vehicle density can be compared with other direction of the traffic 

in order to control the traffic. Video processing is more time consuming and can often lead to delays 

during processing and thus delays in transitions of traffic signal to various states (Red, Yellow or 

Green).  

The method of  Image segmentation has been rarely used before to design intelligent traffic systems and 

this paper presents one of the initial steps in that direction.   

 III.  BACKGROUND ON IMAGE SEGMENTATION  

In computer vision, image segmentation is the process of partitioning a digital image into multiple 

segments (sets of pixels, also known as super pixels). The goal of segmentation is to simplify and/or 

change the representation of an image into something that is more meaningful and easier to analyse [5] 

[6]. Image segmentation is typically used to locate objects and boundaries (lines, curves, etc.) in images. 

More precisely, image segmentation is the process of assigning a label to every pixel in an image such 

that pixels with the same label share certain characteristics.  

Image segmentation is an important and challenging problem and a necessary first step in image 

analysis, as well as in high-level image interpretation and understanding such as robot vision, object 

recognition, and geographical imaging [7]. In general, image segmentation is a process of partitioning 

an image into non-overlapped, consistent regions that are homogeneous with respect to some 
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characteristics like intensity, colour, tone or texture, and more [8][9]. The result of image segmentation 

is a set of segments that collectively cover the entire image, or a set of contours extracted from the 

image. A contour of a function of two variables, in simple mathematical terms, is a curve such that the 

value of the function is constant along it. Image Contours are an integral part of Image segmentation 

and are often confused with Edges in an image. Edges are computed as points that are extrema of the 

image gradient in the direction of the gradient. We can think of them as the minimum and maximum 

points in a 1D function. The point is, edge pixels are a local notion: they just point out a significant 

difference between neighbouring pixels. Contours are often obtained from edges, but they are aimed at 

being object contours. Thus, they need to be closed curves. We can think of them as boundaries that 

are obtained from edges, by connecting the edges in order to obtain a closed one. The background and 

the object are clearly differentiated by the contours in the image.   

 IV.  PROPOSED SOLUTION  

In this section we will consider both the hardware as well as the algorithmic aspect of the system.  

4.1 Hardware implementation  

 A very simplified Component diagram for the proposed system has been presented below (Figure1), 

the system consists of mainly three components a camera, the circuitry of the traffic signal, and the 

development board. In the prototype of the system, the traffic cam is mounted on a pillar equipped with 

a rotating machinery and Texas Instruments’ Beaglebone Black – an open-source community supported 

development board [10]. The camera input is fed into Beaglebone black via a USB cable. The image is 

processed and the time duration of the green signal is decided by the algorithm which feeds this result 

back as an input to the circuitry enabling the traffic signal to respond accordingly. The circuit Diagram 

of the traffic circuitry is presented below (Figure 2).    

  
Figure 1 Component diagram of the Proposed System  
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Figure 2 Traffic Circuit Schematic  

Table 1 Logic Table of Traffic Circuitry  

  

In put   Output  

0   0  Green  

0   1  Yellow  

1   0  Not Applicable  

1   1  Red  

  

The traffic light prototype circuitry consists of a logic circuit based on three simple p-n junction diodes 

(1N4007), resistors (220 ohms), three LEDs (representing Red, Yellow and Green signals) and two 

digital I/O pins of the development board.   

As can be seen from the above circuit, when both the pins A and B are given digital low, the diode D3 

will allow current to pass through it and the green light will be switched on. At the same time D1 has 

low voltage on both the p and n sides and hence the yellow and red light remain switched off.   Next 

when we change B from low to high, D3 will stop conducting and D1 will start conducting leading to 

the switching on of the yellow light. We do not consider the case of making A – high and B – low as 

that would make both the green and red lights to be switched on (which is unwanted).  Similarly when 

both A and B are giving high outputs red light is switched ON while the rest are switched OFF.  

The resistors of 220 ohm ensure that the LEDs remain within the rated voltage (2.5 V). The ICs used 

are L293D (for driving the motors of the rotating machinery) and LM336Z25 (voltage regulator IC), its 

purpose being conversion of the  9V Battery input to 3.3V, as Beagle Bone Black works on this voltage. 

Due to very low current rating of 8mA max from the GPIO, extremely high precaution has to be taken 

to prevent damage to the development board. Hardware was implemented with an assumption that the 

traffic flow rate is constant which made image capturing sufficient and video capturing unneeded.   

4.2 Software implementation  

The algorithm makes use of image segmentation for carrying out a contour based differentiation of the 

captured images. The captured image is first converted to grayscale before the segmentation is carried 

out. The highlight of this algorithm is its capacity to make the hardware work in both the normal and 

intelligent mode, making decisions in real time depending on the traffic density in all the four lanes. 

The following algorithm is implemented in python on the development board in the prototype:  

1. Cycle Initialization: Image of each lane is captured (by the rotating camera) by calling the image 

capture module. An empirical quantity maxnum obtained after significant amount of 
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experimentation is predefined in the code. The purpose of this quantity is to decide the mode 

of operation (Normal or Intelligent) of the signal.  

2. Mode Selection: If the number of contours in 3 out of 4 lanes is more than maxnum the 

selection_flag variable is set to False and the Normal mode is selected whereas if the above 

condition is not satisfied then the selection_flag variable is set to True and the Intelligent Mode 

is selected.   

3. Normal Mode: The Normal mode operates when the images captured from all the four lanes 

have a large number of contours, implying that the traffic congestion in all lanes is too much 

and thus prioritizing any lane for a longer duration will surely increase the congestion in the 

other lanes. The normal mode is beneficial for these scenarios as in this mode traffic signal 

functions like a regular signal with equal green light durations for all four lanes.  

4. Intelligent Mode: This artificially intelligent mode of operation of the signal works on the 

principle of image segmentation and differentiates the lanes on basis of contours obtained from 

the captured images. A function count_contours processes the image and stores the number of 

contours of that image in a list of four temporary variables (one for each lane), temp. For higher 

accuracy the code has a list of four empty variables that store the number of contours of a 

particular lane when there is no traffic. The list of differentiating variables of a lane are defined 

as follows:  

  
Now depending on the variable diff[i] the duration of green light, dur_green[i]s(of the ith lane) 

is selected. The values of dur_green[i] presented here are for purpose of this particular project 

only and can be set as per user requirements. (Higher for large intersections and lower for 

smaller ones.)  

   
5. End of Cycle: After Mode Selection the duration of green light is selected and this information 

is sent to the output pins of the development board where the traffic light is implemented. This 

marks the end of cycle and the system loops back to the first step i.e.  Cycle Initialization, to 

start the next cycle.  

 V.  EXPERIMENTAL SETUP   

The proposed system is implemented on the development board Beaglebone Black using OpenCV and 

Adafruit Libraries in Python. The Experiments were carried out on real time traffic cam images of Sajoti 

Gate Road Intersection, Jodhpur. A set of sample images including original images (Figure 3 and Figure 

6), grayscale images (Figure 4 and Figure 7) and contour images (Figure 5 and Figure 8) of an empty 

lane and traffic congested lane is presented below.  

An 18 hour simulation was run on a set of images collected from the traffic-camera from morning 6:00 

a.m. to midnight. Observations recorded are for one particular lane in terms of average waiting time 

over an averaging period of one hour.  These results are based on the assumption that in the ordinary 

traffic control mechanisms every lane has equal duration of red lights. The green light duration for a 

single lane at Sajoti Gate intersection is 40s, thus making the red light duration for a single lane to be 

120s.Hence the average waiting time for a vehicle with the currently installed ordinary system at the 

place of experiment comes out to be 120s (fixed). The following section illustrates the results that were 

obtained.   
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 Figure 3 Original Traffic cam Image of Sajoti Gate  Figure 6 Original Traffic cam Image of Sajoti Gate          
 intersection, Jodhpur. (Empty Lane)  intersection, Jodhpur. (Traffic Filled Lane)  

   

 

  

   Figure 4 Grayscale Image of Empty Lane  Figure 7 Grayscale Image of Traffic Filled Lane  

  

 

  

Figure 5 Segmented Image showing all contours of an  
  

Figure 8 Segmented Image showing all contours of a  
 Empty Lane

  
Traffic Filled Lane  

 VI.  RESULTS  

The project is based on real time image input of a traffic cam and the findings of an 18 hour simulation 

have been reported in the bar graph (Average Waiting Time vs. Clock) below (Figure 9). The results 

obtained are quite impressive as it is observed that average waiting time for a lane over an hour is less 

than that of a regular traffic signal (shown in red).   
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Here we observe a very important advantage of having the Normal mode along with intelligent mode. 

In scenarios where all four lanes are heavily congested, the intelligent mode’s prioritizing algorithm 

will assign long green light durations to all lanes. In this case the average waiting time may exceed the 

average waiting time assigned by a regular traffic control mechanism. However, the additional feature 

of switching modes never let this happen because as soon as this situation arises the system changeovers 

to the normal mode. It is also crucial for extreme weather conditions like heavy rain, dust storms or 

foggy mornings when the system won't be able to take images efficient enough for processing even then 

the system can switch to usual timing control mechanisms. This feature makes this system highly 

adaptive to weather conditions as well as traffic densities on the road.   

 

Figure 10 Bar Graph Showing Average Waiting time vs a Clock (In an 18 hour clock simulation).  

VII.  CONCLUSION  

It is quite clear that traffic density optimization on roads is a rather crucial challenge for the society and 

in this paper we have systematically presented a solution to tackle this problem.   

 By this research project, Image segmentation is demonstrated as an efficient technique to control the 

state changes of the traffic lights. It is shown that the proposed technique can reduce the traffic 

congestion and avoid unnecessarily long waiting times for vehicles. The use of actual traffic cam images 

coupled with a sufficiently fast microcomputer development board facilitate a real-time analysis and 

optimization of the traffic at road intersections. The proposed algorithm ensures that the average waiting 

time of vehicles at the intersections will under any circumstance be lesser than the waiting time required 

while using the currently existing traffic light systems.   

VIII.  FUTURE SCOPE  

Eliminating congestion on a particular crossing may alleviate the problem at that particular road but 

may not solve the problem of a city as a whole. Even, providing traffic controllers at each separate 

crossing is not going to solve the traffic problem of the whole city. An integrated approach incorporating 

proper synchronization between all related crossings is essential to compute the switching times of 

signals. A possible improvement of this project can be integrating it with the domain of networking 

algorithms, where concepts like backpressure routing can be applied on data collected from a certain 

set of local traffic signals of an area, to manage the flow of traffic in that area and then this system can 

be extended to a unified model for the city.   



International Journal of Advances in Engineering & Technology, Nov., 2014. 

©IJAET  ISSN: 22311963 

    

1469 Vol. 7, Issue 5, pp. 1462-1469 
 

ACKNOWLEDGEMENTS  

The work described in this paper is supported by Dr. S.P. Tiwari, Assistant Processor, Centre of 

Information and Communication Technology, Indian Institute of Technology, Jodhpur. Authors are 

grateful to Dr. Tiwari for providing necessary resources and excellent mentorship for the successful 

completion of this project.  

 REFERENCES    

[1] “Installation and experiences of field testing a fuzzy signal controller”, European Journal of Operational Research 

131 (2001), pp 273 – 281  
[2] “PLC Based Intelligent Traffic Control System”, International Journal of Electrical & Computer Sciences IJECS-

IJENS Vol: 11 No: 06 (December, 2011).  

[3] “Design of an Intelligent Auto Traffic Signal Controller with Emergency Override”, International Journal of 

Engineering Science and Innovative Technology (IJESIT) Volume 3, Issue 4, July 2014.  

[4] Naeem Abbas, Muhammad Tayyab and Tahir M Qadri, “Real Time Traffic Density Count using Image 

Processing”, International Journal of Computer Applications 83(9):16-19, December 2013.  
[5] Linda G. Shapiro and George C. Stockman (2001): “Computer Vision”, pp 279-325, New Jersey, PrenticeHall.  
[6] Barghout, Lauren, and Lawrence W. Lee. "Perceptual information processing system." Paravue Inc. U.S. Patent 

Application 10/618,543, filed July 11, 2003.  
[7] Y. Yang, S. Huang, “image segmentation by fuzzy c-means clustering algorithm with a novel penalty term,” 

Computing and Informatics, Vol. 26, 2007, 17–31.  
[8] Dong G. and Xie M., “Colour Clustering and Learning for Image Segmentation Based on Neural Networks,” 

Compute IEEE Transactions on Neural Networks, vol. 16, no. 4, pp. 925-936, 2005.  
[9] Zulaikha Beevi and Mohamed Sathik., “A Robust Segmentation Approach for Noisy Medical Images Using  

Fuzzy Clustering With Spatial Probability”, The International Arab Journal of Information Technology, Vol. 9, 

No. 1, January 2012.  
[10] “BeagleBone Black System Reference Manual”, Revision A5.2April 11, 2013. (http://www.adafruit.com).  

  

AUTHORS  

  

Sachin Grover is a pre-final year undergraduate in the Department of Computer Science and 

Engineering at Indian Institute of Technology, Jodhpur, His Research Interests include Computer 

Vision Algorithms Design and theoretical computer science.  

  

  

Vinay Shankar Saxena is a pre-final year undergraduate in the Department of Electrical 

Engineering at Indian Institute of Technology, Jodhpur, His Research Interests include Embedded 

Systems and Image Segmentation techniques.  

  

  

  

  

Tarun Vatwani is a pre-final year undergraduate in the Department of Electrical Engineering at 

Indian Institute of Technology, Jodhpur, His Research Interests include Image processing and 

hardware design.  

  

http://www.adafruit.com/
http://www.adafruit.com/

