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Abstract

In this paper we propose a real time image processing
technique for counting the number of vehicles passing
along a street lane. In this method, real time speed is
achieved by processing, at each frame, only the pixels
inside a defined small window across a lane. For
detecting vehicles, several processes are done including,
enhancement, background differencing and mask based
edge detection. After these processes a binary image
showing the vehicle edges is created inside the small

window. Extracting the number of vehiclesisachieved by
analyzing the number of edge pixels detected inside the
small window for a specific time interval. In addition, we
have used a real time image enhancement method to
overcome the problem of variation in ambient light

levels during different hours of day. Our method was
tested in different traffic situations and ambient light
levels. The results of vehicle counting were compared
with that done by a human expert. Satisfactory results
with accuracies over %94.8 wer e obtained.
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1. Introduction

Urban traffic control-and monitoring has received special
attention due to the increase of vehicles congestion and
environmental  pollution in large cities. Traffic
information is needed for timing of traffic lights, traffic
future status anticipation and planning, decreasing air
pollution and fuel consumption, increasing security, and
finally general public satisfaction. Various traffic
parameters such as flow rate, average speed, congestion,
travel time, queue length, etc. can be measured by
machine vision based traffic systems. Although there are
several techniques used for gathering traffic information
such as magnetic inductive loops, radar, infrared and
ultrasonic [1], but video image processing techniques has
shown to be more efficient and flexible for computing a
broad range of traffic parameters.

However, there are some difficulties with machine vision
methods due to the diverse circumstances that are caused
by rain, fog, shades, reflection, changes of illumination
and varied vehicle shapes[2].

In this paper, we present a window-based image
processing method for counting the number of vehicles
passing along a street lane. By processing only the pixels
inside-assmall window in each frame, we could achieve
real  time processing speed (1/30 seconds/frame). For
detecting vehicles in the small window, enhancement,
background < differencing and edge detection is
performed. Then by applying a threshold a binary image
showing the edge points and background was produced.
Then at each frame, the number of edge pixels associated
with vehicles, are stored in an array. Afteratimeinterval,
these arrays are processed and the diagram generated
from number of edge pixels in each frame is analyzed to
extract number of vehicles.

Similar window based methods for counting the number
of vehicles based on applying a constant threshold to the
number of vehicle edges are given in [3,4,8]. In addition
a preliminary version of this work is given in [9].
However, in this paper we have applied a rea time
enhancement technique based on power law transform
[6] and used a new approach for edge detection [5]. The
overall performance of our new approach was better than
our previous work presented in [9].

Our method is implemented in visual C++ using a
Matrox Meteor Il frame grabber on a Pentium Il 600
MHz PC and was tested by using videotapes recorded
under different ambient illumination levels and traffic
conditions.

2. Vehicle Detection

For detecting vehicles, we define a small window across
a traffic lane such that the width of this window covers
amost the full width of that lane. In each frame only the
pixels inside this window are processed in order to
achievereal time results.



2.1 Image Enhancement

For increasing contrast and making the edges of the
vehicles sharper, the pixels of the window are enhanced
with the Power-law transformation [6], that is defined as
follows:

s=cr? (1)

In equation (1), r is input gray level, s is output gray
level, cisaconstant and g is a positive constant. If g is
selected to have values above ‘1, the contrast of the
output image increases and when g is below ‘1’, the
transformed image becomes brighter. Fig.1, shows the
result of enhancement achieved by Power-Law
transformation with g = 2.5 on asample image.

Figure 1. (b), Result of ‘enhancement on.image 1-(8) using equation
(1).Morereal edges areextracted in thisimage dueto it shigher
contrast.

2.2 Edge Detection

For each traffic scene before beginning the processes, a
background image is constructed using a voting
agorithm [7]. Due to the variation in ambient light, the
background image is updated concurrently by a separate
procedure.

Background differencing is done inside the window for
eliminating constant shades or other stationary objects.
At this stage, we used edge-detecting operators to detect
al edges inside the window. It is clear that the number of

edge points detected, highly depends on the type of edge
detector operator used. We have tested most well known
operators such as Sobel, Canny and Laplacian of
Gaussian [6]. The results were compared with that of a
morphological operator [3] and a gradient operator [5]
that determines the edge strength in four directions of
horizontal, vertical, northeast diagonal, and northwest
diagonal. For simplicity, in the rest of the paper this
gradient operator is called "GR operator”. We compared
the results from the morphological operator and the GR
operator with each other and concluded that the GR
operator could detect more true edges and has a better
performance especially when applied on the backside of
vehicles.

The morphological operator is applied on the gray scale
image. It.isdefined by the following equation [3].

G = Dilate (F) - Erode (F) (2)

Where, F and G are input and output images. In this
equation the structuring element for dilation and erosion
is a 3i 3 square with zero elements. Using this structuring
element, the dilate operator substitute the gray scale of a
pixel. with the maximum gray scale in its 313
neighborhood. In arbitrary, the Erosion operator changes
gray scale of a pixel with the minimum gray scale of its
31 3 neighborhood. The above-mentioned GR operator
uses four 37 3 masks as shown in Fig.2 [5].
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Figure 2. Masks for GR operator, determining the strength of
Horizontdl, Vertical, Northeast diagond and Northwest diagonal edges.

For each pixel, four edge strengths are calculated as a
weighted sum of the pixel valuesin its 37 3 neighborhood
with the weight coefficients givenin Fig.2.

The local maximum edge strength of the pixel is defined
as the maximum of the four edge strengths.

Because of the weights used in above masks, this
operator can detect edges in four directions. horizontal,
vertical, northeast diagonal and northwest diagonal.
Figure 3 shows some sample cases in which the GR
operator detected much more edges compared with that
of morphological operator. Note that the edge detection
algorithm is applied only on a small rectangular sub-



window selected near the image center. This sub-window
is seen as a black rectangle in upper left imagein Fig. 3.

For dark color vehicles or the long vehicles such as buses
or trucks, gradient operator detects more true edges and
therefore the under count errors due to dark vehicles and
over count errors due to long vehicles are decreased.

Figure 3 Left images show the edges detected with morphological
operator. Right images show the result with the GR operator. Note that
the edges are detected only inside the small sub-window that isvisible
at image center.

2.3 Constructing a binary image for window

After detecting edges, we apply athreshold for creating a
binary image. This threshold is automatically determined
by analyzing the histograms of some frames. As shown
in figures 3 ~ 5, the edge pixelsare visualized with white
and non-edge pixels with black. Fig:4 shows an example
of the above mentioned histogram. It represents the gray
level count of pixelsinside the small window.

For each histogram, two local:maximums apart at some
minimum distance are chosen. It is assumed that one of
these maximums is for ‘edge pixels and the other one for
non-edge pixels. A minimum between these two
maximums is selected as the threshold for the associated
frame. By averaging the thresholds obtained from a few
frames, amain threshold is determined according which
the binary image is constructed.

3. Counting the Number of Vehicles

Since our system is a real time one, after starting the
system, it determines the number of edges inside the

window in each frame and accumulates the results in an
array. After a time interval, this array is analyzed for
counting the number of vehicles. The analysis method is
based on a pattern that shows the behavior of the number
of edges produced during the passage of a vehicle
through the window. This pattern has the following
general characteristics.
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Figure 4. Above, asample frame. Below, the associated histogram for
gray scaleimageinside thewindow. The threshold selected for this
histogram is 95.

It starts from a minimum when a vehicle enters into the
window, reaches to a maximum during the passage, and
finally when the vehicle is about to exit the window it
becomes minimum again. Fig. 5shows an example of
edges produced during the passage of a vehicle through
the window in 14 consecutive frames.

The number of vehicles can be determined by analyzing
the increasing and decreasing pattern of number of edges
during a vehicle passage through the window. In order to
count a vehicle, first we find local minimums, between
each two consecutive minimums, if there exists a
considerable maximum, it is counted as one vehicle.

This process is visualized in Fig. 6. According to the
above pattern, 7 vehicles were detected during the 200
frames examined. These vehicles are visualized as small
filled circles in Fig.6. In this figure, the peaks and
valleys are smooth. That is because we have applied a
median smoothing filter on it in order to avoid possible
miscalculation due to false loca maximums and
minimums.



4. Experimental Results , S
Fig. 7 shows the result for two illumination levels, clear

and dark sky where the traffic situation was changing

The accuracy of our WS‘G”! was measured.by comparing between medium and heavy during the test. The accuracy
the result of number _of vehlclgs countgd_ with that done a of vehicle counting by our method was measured as,
human expert. In light traffic conditions our method %696.7 and %94.8 for clear and dark sky, respectively.

accuracy was %100. In addition, we have tested our

method in medium and heavy traffic conditions.

In the following the results for two ambient illumination 120
levels are presented. Vehicle counting was done in the

third lane of astreet crossing. 1o
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Figure 6, Diagram of the number of vehicle edges during 200 frames.
Small filled circles show the time when avehicleis detected.
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Figure 7, The accuracy of our method in counting number of vehicles
compared with the results by a human expert in two different

Figure 5. Edges produced during the passage of a vehicle are shown in illuminations situation.

14 consecutive frames. The edge detection operation is done only inside
the small rectangular sub-window at around the center of image.



5. Conclusions

In this paper we proposed a window-based method for
real time processing of video images obtained from a
street to extract the number of vehicles passing through a
street lane.

Similar window based methods for counting the number
of vehicles based on applying a constant threshold to the
number of vehicle edges are given in [3,4,8]. The main
contribution of our work is its ability to perform real time
pre-processing of image enhancement inside a sub-
window (i.e. in order to get higher accuracy for edge
detection agorithm) and using a reliable edge detector
operator (i.e. the GR operator) that could detect more
true edges compared to most well known edge detector
operators. As another advantage, we shall mention the
ability of our system in counting the number of vehicles
by analyzing a diagram that represents the number of
vehicle edges detected inside a sub-window during atime
interval. These contributions were the main reasons why
we could achieve higher accuracy in counting the number
of vehicles..

Our analysis method for vehicle counting is based on the
pattern of the number of edges produced during the
passage of a vehicle through the sub-window. The
general behavior of this pattern is as follows, starts from
a minimum when a vehicle enters the window, goesto a
maximum during the passage of vehicle through the
window and again returns to a minimum when the
vehicle exits the window.

However, we can extend our method to count vehicles in
more than one lane by defining more small sub-windows
in appropriate places on those lanes. In addition, we can
extend our method to compute vehiclestype and speed.
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