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ABSTRACT. People counting systems are usually positioned in the doorway or a corridor
of a building. Turnstiles, optical sensors and image processing are often used as people
counting system. In this paper, a real-time people counting system based on stereo vision
is proposed. Two top view cameras are used to capture images. Stereo vision algorithm
and sum of the absolute difference algorithm are adopted to detect people by human char-
acteristics. The human height and the shoulders are found to detect people correctly. The
people counting system effectively reduces people image occlusion and shadow problems,
and successfully solves the miscount problems of vision count systems which mistake a
goods as a person. The system counts people number with high accuracy.
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1. Introduction. A people counting system has often been used in a video monitor
system. The average daily customer flow is an important message for a public transit or
a service industry company. That supports managers to make corresponding adjustments
of strategies. A people counting system is usually positioned in the doorway or a corridor
of a building.

The people counting systems with turnstiles reduce the people flow speed when people
go through turnstiles [1]. The people counting systems with optical sensors have view
occlusion problems when people go through optical sensors side by side. The optical sensor
systems may consider an object as a person and have error count information. Traditional
surveillance systems with manual monitoring have the best accuracy. However, when a
person monitors multiple screens for a long time, he will be tired and cause a miscount.
A computer vision system is more stable than a manual monitoring system. The counting
system based on human face detection also has view occlusion problems [2]. The camera
with a bevel scene can catch more human characteristics but has view occlusions for
people counting [3]. The camera positioned on overhead can solve occlusion problems but
has lower human characteristics [4-7].

We use two top view cameras to capture images. The targets are detected by using the
background subtraction method and the stereo vision algorithm. That solves the image
occlusion and shadow problems. The stereo vision and the sum of absolute difference
(SAD) algorithm calculate people’s heights and shoulders as human characteristics to
perform the real-time people counting system based on stereo vision.

2. System Architecture. The people counting system framework is shown in Figure
1. The hardware of our people counting system is shown in Figure 1(a). Two top view
cameras capture analog images, and then analog image signals are converted to digital
image signals by a video capture card. The digital image signals are processed by a
computer. Figure 1(b) is the system flow chart of our system. First, motion targets are
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FIGURE 1. People counting system framework

found by background subtracting and low level preprocessing. Then people in motion
are detected by the stereo vision and the SAD algorithm. The nearest neighbor (NN)
algorithm is used to track people in motion and count the number of people.

3. Motion Detection.

3.1. Background subtraction. The background removal method detects all different
backgrounds and moving targets, especially when targets move in a stop and go pattern.
The background removal method is shown in Equation (1).

Isrc m,n if Isrc m,n) — I m,n Z Thr
Immon(m7n):{ 0 ( ) els<e ( A ) (1)

where I,,00n 1S @ motion detection image, I.. is a camera capturing image, Igg is a
background image, and T'hr is the threshold value. When I,,.(m,n) —Ipg(m,n) is greater
than or equal to Thr, Inetion(m, n) is equal to I..(m,n); else output pixels are black. Our
system uses color images in order to increase the accuracy of SAD algorithm.

3.2. Low level preprocessing. After removing the background, the foreground image
is converted to a grayscale image, and the output is a threshold image as Equation (2).

255 if Igray(m,n) >0
Tpre(m, n) = { 0 elseG o ) (2)

where I, is the threshold image, and I, is the grayscale image. In order to get a clear
image, we adopt the morphological opening to remove small noise, and then morphological
closing to fill the voids.

4. People Detection and Counting.

4.1. Stereo vision. A three-dimensional image is formed by two different visual images
as the characters of human eyes. It means that the information of a target can be calcu-
lated by two images with different visual angles captured by two cameras. Figure 2 shows
a schematic diagram of the epipolar geometry of stereo vision.

In Figure 2, P is a target, O is the left camera center, O, is the right camera center,
the dash line through z; and z, is the horizon of two cameras imaging, x; and z, are
the target X-axis coordinates of the left and right cameras imaging on the dash line 7;7,
plane, B is the distance between the two camera centers, and f is the focal length of
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FIGURE 2. Schematic diagram of epipolar geometry of stereo vision

the two cameras. The two cameras are set up in the same horizon, i.e., the same Y-
axis, so it is only necessary to consider the X-axis and Z-axis. The parallax is defined
as d = x; — x,. Parallax d can be calculated by image processing techniques with two

visual angle images. Equation (3) is calculated by the similar triangles in Figure 2. Then
Equation (4) calculates the height Z of target P.

B—(:Ul—.TT) _B
Z—-f  Z (3)
/B
2227; (4)

4.2. Sum of the absolute difference. A stereo vision image has the property that an
object appears in one side of the visual angle view image and usually appears in the other
image. First, we cut a visual angle view image into many blocks with SAD in Equation
(5), where the column number and row number are m and n of a search block. And then,
we find the block in right visual angle view image which has the most similar block in

left visual angle view image. The displacement of the blocks with minimum difference is
recorded for stereo vision.

m=1 n=1

Vsap = Y Y abs[i(i,§) — La(i, )] (5)

j=0 i=0

4.3. People detection. Figure 3(a) shows pedestrians in and out the counting area. If
a turnstile is used in the counting area, the pedestrian pass speed will be reduced.
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FIGURE 3. (a) Pedestrians through the counting area, (b) schematic dia-
gram of our people counting system



2566 H.-Y. LAI AND M.-H. SUNG

Figure 3(b) shows a schematic diagram of our people counting system. Two top view
cameras are set on the ceiling, and capture the top view images when people pass through
the counting area. If many people pass through the counting area, the top view images
will reduce the overlap of people images.

Images of the two top view cameras are very similar. Figure 4(a) is a source image
which shows that the motion targets are moving on the counting area. The counting area
is inside the rectangle surrounding the floor. After motion detection processing, motion
targets are detected by several virtual measurement lines, as shown in Figure 4(b). The
solid line areas are motion targets. When a target is detected by a series of measuring
lines, the central pixels of the measure lines are used to determine the target height by
stereo vision and SAD. If the target height is greater than a threshold, it may be a person
or an object. With the human characteristics, shoulders are found to recognize a person
as shown in Figure 4(c). The left target with human shoulders is a person; on the other
hand, the right target is not. The highest point of left image is the human height point
and the other white points are the human shoulder area around the highest point. The
shoulders are found by stereo vision and SAD.

(b)

FIGURE 4. (a) A source image, (b) motion targets detection, (c) the human
height and shoulders detection

4.4. Tracking and counting people. The person in Figure 4(c) is tracked by NN
algorithm. For tracking targets, X-axis coordinates and Y-axis coordinates of targets are
set as the target characteristics. Equation (6) is Euclidean distance, where Az and Ay
are differences between two frames. The direction of a motion target can be detected by
the target characteristics and distance.

distance = \/(Ax)? + (Ay)? (6)

When a motion person passes inside the visual counting line, the counter number is
increased. On the outside direction, the counter number is decreased. When a target
leaves the counting area, the system will delete the target and track a new target.

5. Experimental Results. Two top view cameras with a resolution 320 x 240 are set
on the ceiling of a build corridor for our system. The distance between the two cameras
is 12 cm. The height from ground to the top view cameras is 4.6 meters. The corridor
width is 2.435 meters. Our system is carried out on a Windows system.

In the experiments people and objects randomly move through the counting area as
shown from Figure 5 to Figure 7. The counter numbers are shown on the upper left corner
of the images. The lines are the virtual counting lines. The counting number is increased
when people pass through the counting area on the inside, as shown in Figure 5. The
counting number is decreased when people pass through the counting area on the outside,
as shown in Figure 6. The people counting system successfully solves the image occlusion
and shadow problems when pedestrians side by side pass through.



ICIC EXPRESS LETTERS, PART B: APPLICATIONS, VOL.7, NO.12, 2016 2567

FIGURE 5.

FIGURE 7. (a) Object passes through the counting area; (b) person and
object pass through the counting area.

Figure 7(a) shows a goods box on a trolley, totally 1.75 meters in height, passes through
the counting area on the inside, the counting system recognizes the motion object as a
goods and the counting number does not increase. Figure 7(b) shows that a person with
the height of 1.74 meters is dragging a goods with the height of 1.75 meters through the
counting area on the outside, and the counting system counts people number correctly.
Our system successfully solves the miscount problems of vision counting systems that
mistake a goods as a person, and even the goods is nearly of the same height as the person
shown in Figure 7(b). Our system can effectively recognize the human characteristics of
shoulders and has a good robustness in identification rate.

The identification rates of our system are shown in Table 1. Targets (people or objects)
randomly pass through the counting areas. The counting area is the rectangle in Figure
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TABLE 1. Identification rates

Target nurpbers at the Identification rate
counting area
1 99%
2 98%
3 94%
4 or 4+ 84%

4(a). Each experiment condition has been tested 50 times. When target numbers at the
counting area are less than 3, the accuracy identification rates are above 98%. When
target numbers are equal to or greater than 4 on the counting area, the identification
rate is decreased. When targets of more than 4 pass through the small counting area
at the same time, the overlaps of the motion targets in the source images reduce the
identification rate.

6. Conclusion. Computer vision people counting systems usually have the image occlu-
sion and shadow problems, when pedestrians side by side pass through the systems, and
the miscount problems of mistaking an object as a person. Based on stereo vision, we
propose a real time people counting system. That successfully solves the above mentioned
problems. The targets are captured with two top view cameras, and detected by using the
background subtraction method and the stereo vision algorithm. That solves the image
occlusion and shadow problems and improves the system processing speed. The stereo vi-
sion algorithm and SAD calculate the target height. The human height and the shoulders
are recognized as human characteristics to identify a person from the detected targets.
The motion people are tracked by NN algorithm and the system counts the number of
people. The system has high identification accuracy, even when the targets stop and go
on the counting area. The system can be further applied in publishing systems, such as
mass rapid transit systems, and department stores. That supports managers to make
corresponding adjustments of strategies.
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