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Abstract- In recent years, people detection and
counting has attracted a lot of attention in visual
surveillance and security. However, it remains a
challenging and complex task for cases where occlusions,
varying illumination and weather conditions are
experienced. In order to bypass and resolve these
challenges, a two-part method based on feature
extraction is proposed. In the first part, a single-pixel
method for background segmentation is proposed, and
in the second part, a virtual-line direction-estimation
method is proposed where the direction in which the
person is moving is estimated before counting. This
method aims to overcome the shortcomings of people
detecting, tracking and counting methods.
Index Terms- people counting, direction estimation,
multi-target tracking.
I. INTRODUCTION
Nowadays, the need for autonomous systems is becoming
more and more important because there is a rising demand
in security applications where video surveillance plays a
critical role. Manually-operated systems are becoming less
applicable because these systems are usually affected by
human-related factors such as fatigue and stress. As a result,
extensive studies are continuously performed in order to
highlight the problems faced and provide solutions for the
surveillance systems.
People counting algorithm is one of the crucial and
challenging problems in video surveillance because it is
strongly dependent on other image processing algorithms. It
is an estimation process where the number of people present
in a scene are counted and recorded. It is mostly
implemented for security reasons such as: 1) monitoring the
number of people that enter or exit a building so that when
an emergency occurs, it will be easier to know how many
people that are in the building and possibly where to look; or
2) for traffic surveillance where pedestrian traffic flow can
be estimated [1].
Typical scenes vary from outdoor to indoor areas such as
shopping malls, buildings and underground parking areas,
streets, private residents, hotels. Fig. 1(a) - (c) provide
examples of the typical scenes. Although people counting
algorithm has attracted a lot of attention, it remains a
challenging and complex task for cases where occlusions,
varying illumination and weather conditions are
experienced.
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Fig. 1. Typical people counting scenes (a) Wembley
Stadium. (b) Airport entrance/exit. (c) Shopping mall
entrance/exit.
II. RELATED WORK
There are two methods of implementing people counting
algorithms, namely detection-based and feature extractionbased methods [1], [2]. Detection-based methods involve the
process of individually detecting all the people present in the
scene where the entire person or parts of their bodies can be
detected [1], [3] or each person can be reconstructed using
human 3D shapes [4]. Once detection has occurred, the total
number of detected persons is counted and recorded.
Feature extraction-based methods, also known as map or
measurement-based methods [1] involve processes where
various features are extracted from the video frames and the
useful features are grouped according to their similarities
into a feature vector. Then, the feature vector is employed to
count the number of persons in the scene. Feature
extraction-based methods can be further subdivided into:
motion detection and analysis-based methods [5], templatebased methods [6], spatio-temporal methods [7], feature
trajectories clustering [8] and low-level feature regression
methods [1], [3], [9] - [11].
Feature extraction-based methods are the preferred
approaches because they are more robust, preserve privacy
and not primarily dependent on detection. However, peoplecounting algorithms face challenges which include partial
occlusions, imperfect foreground extraction, false
detections, illumination changes, human pose and direction.
Several attempts have been made to either solve [8], [12], or
bypass the challenges using hardware-based methods and
direction-based methods [11]. Most of these attempts are
application-specific so they fall short in robust cases. Also,
there is a trade-off between the complexity and performance
accuracy of the algorithm, that is, the higher the
performance accuracy the higher the complexity becomes.
As a result, the proposed approach focuses on implementing
a fast and robust people-counting algorithm with low
complexity and high performance accuracy which is
invariant to occlusions and illumination conditions.

III. METHODOLOGY

defined in eq. 1 as:

The proposed approach is divided into two parts: singlepixel method and virtual-line direction estimation method.
A. Single-pixel method
Single-pixel method is further divided into four steps:
video conversion, background subtraction, morphological
image processing, and single-pixel process. In the first step,
the input video is converted into image frames and the initial
frame is read as background image as shown in Fig. 2(a). In
the second step, the background image is subtracted from
each current image in order to produce foreground images.
The images are converted into binary based on a threshold
value in order to obtain foreground pixels.
Afterwards, the foreground pixels are morphologically
processed and represented as bounded blobs as shown in
Fig. 2(b). Then, the area values of each blob are calculated
and the xy-centroid coordinates are extracted from each blob
in the input images. These local features are fed into the
virtual-line direction estimation method in order to estimate
the number of people in a scene as shown in Fig. 2(c).
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The proposed approach is evaluated by using mean square
error (MSE) computation. This is the process where global
difference is computed between input and output values, and
then an error percentage of the difference is returned. For
input values, the total number of people in each scene is
manually counted and recorded as the ground truth, while
total number of people obtained from the proposed is
regarded as the estimated truth for the output values. MSE is

(1)

Currently, the xy-centroid coordinates and area value of
each blob are recorded and saved into text files and these
features are used to estimate the directions of the people.
Also, the single-pixel method is implemented using a simple
background segmentation approach. In the future, multitarget particle filter will be implemented as an addition to
the single-pixel method in order to monitor and record the
location of each person.
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B. Virtual-line direction estimation method
The implementation of the virtual-line direction
estimation method is achieved through two steps: directionestimation method and distance-computational counting.
In the direction-estimation method, a vertical or
horizontal virtual line is drawn at the entrance point of the
scene. Then, the xy-coordinates of the virtual line are
subtracted from the xy-coordinates obtained from the singlepixel method. If output value is less than 0, it is assumed
that the individual is heading towards the entrance point. So
the direction is estimated towards the entrance point of the
scene. Otherwise, it is assumed that the person is heading
away from the entrance point of the scene.
Distance-computational counting is the process where the
total distance between the blob and virtual line is calculated
so that the blobs can be categorized as either short-distanced
or long-distanced. Then, the number of people that is
contained in each blob is calculated according to their
distances.



−

where N is the total number of scenes, C is the ground
truth and Ĉ is the estimated truth.
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Fig. 2. PETS Dataset (a) Input image. (b) Bounded blob
binarized image. (c) Result image based on single-pixel
method.
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