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TRAFFIC LIGHT CONTROL SYSTEM - A CASE-SPECIFIC
MODEL FOR REAL-TIME IMAGE PROCESSING AS
LINKED TO DETERMINATION OF TRAFFIC DENSITY

NAMAN SEHGAL

ABSTRACT

Today, live traffic updates are available to the consumers on their t

processing.

INTRODUCTION

ake use of inductive-loop traffic detectors installed in the
oving vehicles crossing a particular point on the roadway. The
cities like London, Toronto and Beijing etc. is an example of an
ystem, which involves the use of similar sensors to enhance efficient
traffic flow. How: installation and maintenance of such systems is an expensive affair.

Nowadays, a relatively cheaper alternative to present the local traffic information is in the form of
a video or a sequence of images captured by a camera mounted on a pole or traffic light surveilling
the junction. In contrast to the traditional techniques, video-based systems have several advantages.
They provide a greater amount of traffic information, combine surveillance with traffic control, are
easy to install and can be easily scaled to meet the improving benchmarks in the field of digital image
processing. Around the world, a number of computer vision based traffic management
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systems (CVTMS*s) have been proposed in the last decade, for example, the projectROADWATCH
at U.C. Berkley aimed at measuring various traffic parameters using real-time computer vision [1].

In this study, we propose a system, which utilizes digital image processing techniques to determine
the traffic density at a junction and to compute the duration of the green light in order to ensure a
better traffic flow. The traffic density results determined through the proposed analysis can be used
to inform the public about the status of the traffic on different routes throughout the city. A similar
system has been implemented in the city of Bangalore and the live tr tus is available to the
public via an online portal at www.btis.in. The snapshot from the site in figure 1 shows how
the system indicates traffic on different routes in Bangalore. The

dots mark intermediate levels of traffic and green dots repres
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Figure 2: Use of Traffic density estimation in Google maps
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Apart from this, a major use of such a system can be in an application like Google maps where the
traffic density on a route is estimated to determine the time needed to reach the destination. Currently,
Google uses data from GPS of android mobile phone users to estimate the traffic in countries like India
where their StreetView technology isn“t fully functional[2].This certainly isn“t a very reliable source
for estimating traffic.

PROPOSED SYSTEM

The different stages of the proposed idea are as shown in the flowc
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igure 3: yart for the proposed system.

Smoothing fiIters&utilizeﬁor blurring and for noise reduction. Blurring is utilized as a part of
preprocessing steps, such as removal of small details from a picture earlier to(large) object extraction,
and spanning of small gaps in lines or bends. Noise reduction can be accomplished by blurring with a
linear filter and also by non-linear filtering.Usually, a Gaussian filter is used since it can be computed
using a simple mask. Some edge detection techniques like canny edge and laplacian of Gaussian may
not require such preprocessing, but this step is generally includedin order to maintain generality.

B. Edge Detection

Edge identification alludes to the way toward recognizing and finding sharp discontinuities in a picture.
These discontinuities are abrupt changes in pixel force, which stamp the limits of articles in a
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picture. The edge location calculation has been utilized as a part of this procedure before coordinating
basically in light of the fact that it has preferable execution over the backgrounddifferencing operations.
The shades of autos and the incorporating lighting changes in traffic scenes are less delicate to edge
discovery. There are four steps involved in an effective edge detection algorithm. First is
smoothingwhich is used to suppress as much noise as possible without damaging the true edges. The
second step is an enhancement, which is achieved by applying a filter to sharpen the existing edges.
Next is detection or thresholding, used to determine whether an edge pixel should be retained or
discarded. Points which lie on the edge can be detected either by distinguishing the nearby maxima or
minima of the main subordinate (Gradient strategy) or by recognizing the zero intersection of the
second subsidiary (Laplacian technique). At last, we require localization to decide the accurate area of
tinuous contours.

EDGE
DIRECTION ¢

The first four techni entioned above are examples of a gradient method while the last two
techniques utilize the Japlacian method.
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As edge detection is a fundamental step in PC vision, it is important to call attention to the genuine
edges to get the best outputs from the coordinating procedure. That is the reason it is vital to choose
edge identifiers that fit best to the application. In this respect, we first present a correlation result
between the six different edge discovery methods accessible in MATLAB. The comparison results
showed that the Laplacian of Gaussian method was more accurate in detecting the actual number of
cars on the road.

We must make sure that once we have selected the edge detection algorithm, it must be used throughout
the analysis that is for all the real time images as well as the initial reference image. A theoretical
comparison between these different edge detection techniques can be fo

C. Contour counting:

of loops/contours and filtering them by their sizes .

be detected using the Moore Neighborhood al I nplemented using the
i ndary pixels in an array

cell. The cell has N arrays each array is i the boundary pixels (i.e. 1

in this case as the boundaries are whi i

zes (i.e. on the value of their M). For the
sample set taken in imi the contours having less than V pixels in its
periphery. These indows, tires etc. The final count of the contours

I analysis of the data obtained from different images of the
hicles in the real-time image be N. Then the first N values of the

value V.

D. Pixels counting:

An alternative approach to contour counting can be by monitoring the change in the white pixels of the
real-time image with respect to the reference image. The basic principle used is that greater the change
in the captured image, greater is the traffic. In a case of a complete match or no change, there is no
traffic. Ideally, the reference image should be devoid of any vehicle and should comprise ofonly
the fixed objects like buildings, trees, potholes etc.
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We can break our objective into two tasks: a) Determining traffic density and b) Computing traffic
light time for traffic management.

D.1. Determining traffic density

The technique used for estimating the flux of cars involves calculating the ratio of the number of white
pixels to the total number of pixels in the real time image itself. So we compute the number of white
pixels from the edge-detected image consisting of only black and white pixels. Let the number of white
pixels be ,,w*. The standard size of the images used in the analysis is 288x ixels hence the constant

denominator (total pixels) will be 101376 (it can also be any other congfant valye). Thus we find:
w

Density = 101376

and high. This information can be shared with t
better traffic management.

D.2. Determining the traffic light d

uration of the traffic signals red light is
ction. In our experiment, we divide the

t zone and hence the matching will stop there and a maximum
red light. Similarly, if there is no traffic in the third zone then the
ions and appropriate time will be allotted to thered light. Minimum

our experiment, we ed the number of zones by 10 to get the maximum time limit for the green
light.
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techniques on a sin
are shown in fig.
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The analysis of results in Table 1 shows that Laplacian of Gaussian method is marginally better than
the canny edge technique and gives 91.43% accuracy, as compared to 85.72%. Canny edge technique
proved to be more sensitive even to the very faint edges like those due to shadows; hence insome cases,
it detected anumber of cars than the actual number of cars. On the other hand, the Laplacian of Gaussian
operator has the highest reaction at the focal point of blob-like structures in thepictures[6] and turns
out to be more efficient for detecting the actual number of cars.

Thus by determining the number of cars at a junction or roadway or highway we can estimate the
traffic density of that location. Such estimation requires calibration as different roads have different
traffic capacities and are prone to different forms of errors.

The accuracy in Table 1 was calculated by the following formulae:

|Actual no.of cars — Detec

Accuracy% =
y Actual no.o

B. Pixel counting method:

ated traffic density using pixel counting method

55.04 | 65.10 | 72.56 | 91.75
% % % %

Ime
(In
hrs.)

C. Graphical User Interface (GUI)

Finally, a MATLAB-based graphical user interface was developed to present the possible
applications of the data obtained by the pixel counting method. The developed GUI can be used to plot
a graph of traffic density versus time using the data of table 2. Another function of the GUI is to
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control the duration of red and green light at the junction for better traffic management as discussed in
section D.2. Figure 9 shows the snapshots of the GUI.

CONCLUSION

objects detected in
to remove the ad

the real-tig€ traffic.
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