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Abstract: Detection and tracking of humans in a video has great potential applications. The paper proposes a
novel scheme for performing automated human detection and tracking in videos. The method consist of two
steps namely, motion detection and human — non human classification. Motion detection is done by performing
background subtraction. The background model is generated using a mixture of Gaussian distributions. The
human — non human classification is done by generating the feature vector from the local binary pattern of
segmented regions. A radial basis function based support vector machine is used for classification. The
proposed scheme was tested on some test videos and was able to detect and track human figures with acceptable
accuracy.
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I.  Introduction

Object tracking is the process of tracing the location of an object of interest. The main application of
object tracking comes in the field of automatic video surveillance. Nowadays almost all buildings and roads are
provided with closed circuit television (CCTV) security cameras. The visuals from these CCTV cameras serve a
great deal in monitoring human activities. Thus these become very much helpful in prevention of crime, theft,
etc. The main problem associated with this is that a lot of human workforces are required for the monitoring of
these video sequences. It is in this context that the need for an automatic surveillance system arises.

The conventionally used technique for motion detection in video sequences is to perform background
subtraction [5] technique. The background subtraction technique subtracts a background mask from each of the
video sequences and detects if there is any change in it. The simplest background mask is the image of the scene
without any moving object in it. Another method is to choose the background mask as an average of first N
number of frames of the video[8]. But these background masks will simply fail if there is any illumination
change in the scene of interest. So as a solution to this problem, the background mask will be modeled [1]. For
this, several techniques such as statistical modeling, fuzzy background modeling [6], neural network
background modeling [7], background clustering[1], etc are present. Once the background is modeled and the
foreground is computed by subtracting the background mask from the video frame, the next step is to determine
whether the foreground contains any object of interest. For this an object recognition technique has to be used.
In the human detection and tracking system, the object of interest is humans. Several techniques have been
proposed for detecting a human figure in an image such as histogram of oriented gradients [9], partial least
squares analysis [10], Haar-cascade classifier[11], etc.

The proposed method combines an adaptive statistical background modeling[2] technique and a local
binary pattern[3] feature for the detection and locating of a human being in a video scene. Since an adaptive
statistical background modeling technique is used to model the background mask, the proposed scheme is very
much resistant to illumination changes. Also the moving objects in the scene are further classified as human or
non human using the local binary pattern feature descriptor. The proposed scheme is also resilient to changes
occurring in the background scene over time and thus it can successfully detect and track moving human figures
in a video. The block diagram of the proposed scheme is given in Fig. 1

I1.  Background Subtraction for Motion Detection

The proposed method uses a background subtraction technique for locating the moving objects in the
scene. Background subtraction uses a model of the background to find the foreground objects present in the
video frame. The simplest technique uses a static background image as the background model. These models
fail when the scene under consideration is of varying illumination. In order to cope with this problem, the
proposed method uses a statistical background model as the background mask. The model is constructed from a
mixture of Gaussian distributions. The method was originally proposed by Grimson and Stauffer[12] and later
modified by KaewTraKulPong and Bowden[2].
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Figure 1: Basic block diagram of the human detection and tracking system

In this method, each pixel in the background is modelled by a mixture of a small number of Gaussian
distributions. Generally, the number of Gaussian mixtures used ranges from 3 to 5. Each Gaussian distribution is
used to model a single colour space. Consider the RGB colour space. The colour space consists of three colours
namely, red, green and blue. Let the number of Gaussian distributions be ‘K’. Now, each pixel ‘X’ in the frame
will be modelled using these ‘K’ Gaussian distributions. At any time instant ‘N’, the probability that the pixel at
a particular location has the value ‘Xy’ is given by

K
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where, w; is the weight associated with each of the Gaussian distribution and n(Xy;0;) represents the it
Gaussian distribution which can be represented as
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where, p and X, represents the mean and covariance matrix of the k™ Gaussian component
respectively.
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In each frame of the video, each pixel will be compared with the K Gaussian distributions. If the pixel

matches with any of the distribution, the weight, mean and covariance of the corresponding Gaussian
distribution will be updated using the following equations:
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Where, oy is the k™ Gaussian component and o is the learning rate.

The first B number of distributions that are obtained when the K Gaussian distributions are arranged
according to a fitness value given by wy/c, will be selected as the required background model. The value B is
given by

b
B =arg mbin(z w; >T) ®)
=

Where, the threshold T is the minimum amount of background present in the entire scene. If the pixel
value does not match any of the distribution, the pixel will be marked as a foreground pixel.

1. Human Detection System

After performing the background subtraction technique mentioned above, the foreground containing
the moving objects are segmented. The next step is to determine whether the foreground object is human or not.

This is required because the foreground may contain other moving objects such as vehicles, animals, or
other moving objects such as leaves, trees, etc. The local binary pattern of the moving object is used for
classifying the object as human or not. The classification is done using a support vector machine.

Local binary pattern (LBP) was introduced in 1996 by Ojala et al[3]. It was first used for face
recognition applications. Later, several papers were published that used LBP in applications such as image
retrieval, texture analysis, motion analysis, etc. In this paper, the LBP is used for detecting whether the object
under consideration is human or not. Fig. 2 explains how the LBP of an image is generated. A local binary
pattern corresponding to each of the pixel values present in the image will be generated and the original pixel
value will be replaced with this number. The resulting image is called local binary pattern image. Consider Fig.
2. The pixel under consideration is the pixel at location (2,2) with value 200 In order to find the LBP of this
pixel, the immediate neighbours of this pixel will be thresholded with 200 as the threshold value. This results in
eight binary values around the pixel at (2,2) These binary values will be then converted to decimal form and the
pixel at (2,2) will be replaced with this value. In this way the LBP of all the pixels will be calculated to obtain
the LBP image. A modification to the LBP mentioned above is the uniform local binary pattern (ULBP). A
binary sequence is said to be a uniform pattern if the number of transitions present in the pattern is exactly two
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in number. Transitions can be a change from 0 to 1 or from 1 to 0. For example, the sequence 10001000 is not a
uniform pattern since it contains four transitions. The sequence 00011100 is a uniform pattern since the number
of transitions is only two. Consider the UBLP computation of an image. Suppose that the LBP of a pixel was
found to be non-uniform. Then, the pixel value will not be replaced with the LBP value. Instead, the original
pixel value will be retained. On the other hand, if the LBP was uniform, then the pixel value will be replaced
with the LBP. The proposed scheme for human detection uses uniform local binary patterns for feature
extraction and classification. Fig. 3 and Fig. 4 show the local binary pattern images of pedestrian image and car
image respectively.
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Figure 2: Local binary pattern computation

Once the ULBP of an image is computed, the next step is to extract the feature vector from the ULBP
image. The feature is extracted as follows. First, the image will be divided into small blocks of size mxn. Then
the histogram of each block will be calculated and concatenated together to obtain the feature vector. The
similarity between these feature vectors are used for comparing images. The usage of uniform local binary
pattern provides two major advantages. Firstly, for a ‘p’ bit binary sequence, the number of sequences with two
transitions are given by p(p-1). Therefore, for a 8 bit sequence, the number of uniform sequences is given by 56.

This reduces the length of the histogram to a great extend. Secondly, the uniform local binary pattern
detects only the important features such as line ends, edges, corners, etc.

V. Experiments and Results

Two different experiments were conducted to determine the efficiency of the proposed scheme. The
first experiment was done to check whether the local binary pattern is able to successfully classify human
figures from other objects. The radial basis function SVM was used for the classification. The MIT CBCL
pedestrian database #1 was used as the human training set and random images obtained from the internet was
used as non human images. The SVM was trained using 100 human images and 100 non human images. The
remaining images in the pedestrian database and other random images from the internet were used for testing the
SVM. The pedestrian image was of size 128x64. After the computation of the uniform local binary pattern
image the LBP image is divided into 8 blocks. Thus each block is of size 16x8. Then the histogram of each
block is found and concatenated together to obtain the feature vector. The non human images found from the
internet were first resized to 128x64 dimensions and then the features were found. The recognition accuracy was
found to be 96.34%. This result shows that the local binary pattern is indeed a good feature for the classification
of human and non-human objects.

a " b- )
Figure 4: Local binary pattern image of car image. (a) Original image. (b) LBP image of (a)
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The second experiment was conducted to determine the efficacy of the proposed scheme as a human
detection and tracking system. The testing was done on videos taken using Sony Cyber-shot DSC-W710 at a
frame rate of 30fps. The MIT CBSL pedestrian #1 database was used for training the SVM. The background
model of the scene was generated using a Gaussian mixture model with the following parameters: number of
Gaussian mixtures used, K=5; initial learning rate, p=0.005; threshold, T=0.7; variance of Gaussian distribution,
6=900. The proposed scheme was tested on three different videos. Videol contained only a single human. Video
2 contained multiple humans and video3 contained humans as well as vehicles. The moving objects in the video
frame were obtained after the background subtraction step. Then each of the moving objects were separated and
resized to the dimension 128x64. Then the feature vectors were extracted. Recognition accuracy was computed
by counting the correctly classified frames in the entire video. The recognition result is shown in TABLE 1.

Table 1:Results of experiment 2 showing the performance of the proposed system

Total number Correctly
Test Video classified Accuracy (%)
of frames
frames
Videol 540 500 92.59
Video2 510 448 87.84
Video3 600 514 85.67

V.  Conclusion

The paper proposes a novel method for detecting and tracking humans in a video. The proposed
scheme consists of a background subtraction technique for locating the moving objects within a scene and a
local binary pattern based feature for classifying the moving objects as human or not. The background of the
scene was modelled using a Gaussian mixture model and was used for performing background subtraction. The
local binary pattern of the moving objects was used as the feature vector for human — non human classification.

The classification was done using a support vector machine (SVM). The proposed human detection and
tracking system was tested on a number of test videos. The experimental result shows that the proposed scheme
can be used for the detection and tracking of humans in CCTV camera videos for automatic surveillance.
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