SIEDRER

Open Access | Rapid and quality publishing

A Novel

Analytics

Fancy Joy'” and Dr. V Vijayakumar 2
125ri Ramakrishna College of Arts and Science, Coimbatore

*Correspondence: Fancy Joy; fancyjoyl@gmail.com

User-Friendly Application for
Detection with Post-Processing

International Journal of

Electrical and Electronics Research (IJEER)
Research Article | Volume 10, Issue 4 | Pages 1256-1261 | e-ISSN: 2347-470X

Foreground
in Surveillance Video

= ABSTRACT - Detection of the object in the video is a primary task of all video-processing-based applications. It is one of
the challenging areas in computer vision. The paper presents a novel MATLAB-based object detection application based on an
improved Gaussian Mixture Model. Gaussian Mixture Model with post-processing applied here for segmentation of foreground
from background. The application is divided into three modules pre-processing, detection and post-processing. The morphological
gradient filter uses here for segmenting the foreground objects from the background. The proposed method was tested for various
video sequences with challenges and proved that the approach performs well for the majority video sequences.
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#1. INTRODUCTION

In today’s era of surveillance, video analytics plays a great role
in various applications such as detection, tracking, street
monitoring and intruder detection. Detection is the key task of
all of these applications and this becomes complex due to
various scenarios such as dynamic background, presence of
shadow and occlusion etc. [5]. Many algorithms exist for object
detection [2][3][11][17]. The main objective of this system is to
provide the simplest benchmark method for foreground
detection to be applicable in real-time. The proposed
application used the Gaussian mixture model (GMM) with
advanced filtering for object detection.

Nowadays people use surveillance cameras to ensure security.
The proposed application can integrate with these cameras,
which will help the users to detect objects rather than
monitoring. The main objective of this application is to detect
the object in surveillance video without human intervention. It
will be useful in various applications such as security
monitoring, street monitoring, traffic monitoring, and intruder
detection. Since the application framework is simple and
flexible, any user can handle the application without more
effort.

The proposed method is a hybrid object detection approach. The
hybrid method includes three modules: video denoising, object

detection and advanced filtering. Video denoising eliminates
the noises in video frames. The background subtraction
approach is used for detecting the object regions. Finally, an
advanced filter filters the detected region that helps for effective
segmentation of the foreground object from the background.
The major contribution of this paper is to build a better
application for object detection. The proposed method can be
used as a MATLAB addon, without installing any software. The
proposed work will be a convenient application for object
detection in surveillance video. The remaining section of the
paper is as follows section 2 describes the proposed MATLAB
application for object detection. Section 3 presents the
experimental results of object detection application and section
4 concludes.

2. REVIEW OF LITERATURE

GMM is a statistical probabilistic background subtraction
method which segments the foreground from the background.
Stauffer and Grimson proposed the GMM in 1999[17]. GMM
is one of the most used background subtraction methods and
some researchers contribute modifications to it to handle
complexities in the surveillance system. Researchers mainly
focus on the ways such as pre-processing, parameter tuning and
post-processing to improve the GMM algorithm. Some of the
contributions to GMM are Bian & Dong [11], and Yi-Bing et
al. [12], Y Song et al. [9], Yang et al. [13] and Prasad et al. [4].

Chen et al. [15] presented an improvement in GMM through a
background updating period using different learning rates for
the estimated background and foreground pixels. The result
shows the method works better than the typical gaussian
mixture model. Zhu et al. [14] improved the GMM based on
motion estimation. They used an adaptive learning rate for
better performance in moving object detection. Bian and Dong
[11] also improved the gaussian mixture model. They used the
edge gaussian mixture model with an improved neighbourhood-
based difference to improve detection accuracy. But it still
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requires enhancement to integrate moving objects. Yi-Bing et
al. [12] improved the GMM for adapting the background and
moving the object’s integrity. The authors used an adaptive
learning rate for fast-updating backgrounds. Results proved that
adaptive background leads to exact detection. Y Song et al. [9]
modified GMM for fast detection of objects. They enhanced the
method by varying the number of Gaussians, according to the
environment. The method reduced the computational
complexity, which leads to fast execution. A combination of
GMM, three frame differences and cropped frame techniques
for object detection were introduced by Yang et al. [13]. The
approach shows rapid detection and also obtained satisfying
performance for practical application. Prasad et al. [4] applied
GMM with erosion for object action detection. The authors
tested the approach in railway station cameras and showed that
the method successfully detects the object action. Still, research
is going on in this background subtraction GMM approach.

Neagoe et al. [7] combined the K means clustering and gaussian
mixture model with expected maximization. The proposed
combined clustering approach shows significant performance
over GMM. Han et al. [8] combined GMM with particle swarm
optimization (PSO). The proposed method enhanced the
convergence speed and classification performance. Zhao et al.
[2] combined Principal Component Analysis (PCA) with the
GMM for target detection. They proved that the method
identified the targets with high accuracy and high efficiency.
Zhang and Zhu [3] applied Local Image Flow (LIF), L -recent
Windows (LrW) algorithm for parameter initialization and
updating of parameters respectively to effectively detect objects
under dynamic background. From the literature studies, it is
clear that efficient post-processing is required to detect
foreground objects accurately.

3., RESEARCH METHODS

The application framework is depicted in figure 1.
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Figure 1: The framework of the proposed object detection
application

The developed application architecture consists of video
preprocessing, detection of objects and advanced filtering.

3.1 Video Pre-processing

Input video sequences were captured by surveillance cameras
and transmitted into the application. Analyses the received
video frames and eliminates the noises present in the video

International Journal of

Electrical and Electronics Research (IJEER)
Research Article | Volume 10, Issue 4 | Pages 1256-1261 | e-ISSN: 2347-470X

using either TDBLMS algorithm or bilateral filter depending on
user choice. TDBLMS is the two-dimensional block-based least
mean square algorithm [1] that can be applied frame by frame
of video. Each video frame divides into blocks and performs
block by block from left to right and top to bottom using an
LMS filter. An adaptive filter changes the parameters according
to the image’s least mean square error matrix to achieve fast
convergence. A bilateral filter is a smoothing filter, which
eliminates the noises with preserving edges [16]. Application
users can choose either TDBLMS or bilateral filter for noise
Extracting. Extracting the keyframes of video using the color
histogram approach enables fast object detection [10]. A
bilateral filter is a non-linear image filter that filters the image
by eliminating noise and fine details. It converts video frames
to smoother ones by preserving edges without blurring. Let S be
the input image and the bilateral filter output image Siltered.

Sfiltereld.(p):
o 2, IR E) = 16) Dsiip=p 1) (D)

pPi€p

Where p is the coordinates of the current pixel, p is the window
centred in g, and ry indicates the range kernel and spatial kernel
sk. The intensity values of each pixel in the input image are
replaced with a weighted average(ws) of the intensity values of
the adjacent pixel.

wt = Z Tk (" I(C[l) - ](q) ")Sk(” q—q ") (2)

ai€p

3.2 Object Detection

Here proposed approach detects the object by background
subtraction using GMM [17]. Gaussian Mixture Model used the
gaussian probability density function to represent the video
frame. An initial background model was calculated and
initialized. Then compare the proceeding frames from the
initialized background model and the difference is taken as the
object. Background subtraction using the gaussian mixture
model applies in keyframes to detect the foreground object.
GMM is a parametric probability density function and each
frame can be denoted as the weighted sum of gaussian
probability density functions.

Let Xs be the pixel value and w be the mixture of weights for
i=1 to n. Then Gaussian density function of the pixels of the
frame can be represented as:

P(Xs) = g(:l w * U(Xs' /“li.s'zi,s 3)

Where y; ,Y'i are the mean and variance respectively.

K - number of gaussian distribution

w; - weight of i gaussian in the mixture.

u; -mean of pixel intensities

¥, -covariance matrix of pixel intensities.

7 refers to the Gaussian probability density function which is
defined by
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Here w;  can be defined as
wi=1-a)wi+alui) (5)

Where a is the learning rate and y; ¢ is the mean value.

Every new pixel Xi+; compared against the previous K gaussian
distribution of the pixel until a match is found. Mean [ is set to
1 if the background model matches otherwise [ assigned to 0.

o {1 ,1f the background model matches (6)
Hi = 0, otherwise
If the distribution found unmatched then the p and o2

parameters rremainthe same.If the distribution found a match,
then the parameters u; and o2  were updated based on
previous distribution values.

us = (1 —plus—y + p(Xs) ™
0 =1 =p)oi,+ pXs—u)" Xs—ps) (8)

Where p is the second learning rate. It can be represented as

p=an (i—a) 9

1

The key step in every background subtraction model is
background modelling. This step compares the current frame to
the background frame, and then classifies the pixels as
foreground and background. Here the first ‘M’ distribution uses
for background modelling.'M' can be defined as

m
M = argmin,, (Z w; > T) (10)

i=1

Where T is the threshold value, which is the measure of the
minimum portion of data that should be considered as
background.

Gradient filters of morphological erosion and dilation were used
as an advanced filter. Morphological dilation adds the pixel to
the image boundary whereas erosion removes the pixel from the
image boundary. The gradient filter is the difference between
erosion and dilation. BLOB (Binary Large Object) analysis is
one of the significant processes in the proposed application,
which recognize the consistent image (i.e., object) regions in the
frame and result in a binary mask of corresponding frames. The
foreground mask using GMM returns a binary mask, which
represents foreground pixels as 1 and 0, as background pixel.
Advanced filter using a gradient of morphological operations
helps to better segmentation of foreground objects from the
background.
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The fundamental principle of morphological operation is to
quantify each pixel in a binary image using a predetermined
structural element. When a structural element's center falls on a
specific pixel, the intersection of that structural element and the
image is subjected to a logical operation. The four basic
operations in morphological filtering are expansion, erosion,
closed, and open operations. Dilation is the process of
expansion of connected areas based on structuring elements.
Dilation scans each pixel in the binary picture, using 0 or 1, and
gets the maximum of the sum of the image pixel and the
structural element, that is, the structural element and the image
coincidence area. Let | be the image and S be the structuring
element. Dilation operation can be defined as follows

1@ S = maxqlG— Ly — )+ SG)] (11)

Erosion is the opposite operation of dilation. It scans each pixel
in the binary image and take the minimum of the difference
between the structural element and image pixel. Erosion is the
shrinking of connected areas based on structuring element.

16 S =minglI(x+i,y+j)—S3i)] (12)

4. SIMULATION RESULT

In this section, the detection result of frames of various video
sequences is shown. Video sequences were chosen from the
change detection dataset [18] and PETS 2009[19]. The
proposed application was implemented in MATLAB 2019a.
Figure 2 shows the screenshots of proposed applications. Input
video sequences passed to the application and checked for
histogram analysis. The proposed application uses 2 filters 1)
TDBLMS and 2) Bilateral filter. GMM is applied to the video
frames followed by a morphological gradient operation
performed to get better detection results.

To evaluate the performance, the proposed approach compares
the recent detection method Nguyen [6] using precision and F -
measure. The proposed method also compares foreground mask
with GMM. The detection result and foreground mask of some
of the video frames from change detection shown in table 1. In
table 1 row 1 indicates the resultant frame, row 2 indicates the
dataset name with challenges, and row 3 shows the foreground
mask of the resultant frame. Challenging frames are chosen here
and the results show that the proposed application performs the
good majority of cases.

Figure 3 compares proposed application result with Nguyen [6]
method using precision. Precision measures the ratio of the
number detected objects to the total number object that is
present. The results proves that precision value of the proposed
method is more than the Nguyen method. F-measure both
proposed method and Nguyen’s method depicted in figure 4.
According to figure 4, the proposed approach shows good
performance than Nguyen’s method. But fast high motion value
in some highway video frames degrades the detection
performance.
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Figure 2: Screenshot of the proposed application
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Figure 3: Comparison of proposed method with Nguyen [4] using

precision

Figure 4: Comparison of proposed method with Nguyen [4] using F-
Measure

““Table 1: Result of application
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Table 2: Comparison of GMM with the proposed application
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GMM [17]

Proposed application

Table 2 indicates the comparison of the GMM [17] object
detection method and proposed application in the PETS 2009
dataset. Column 1 indicates the frame number, column 2 shows
the original frame, column 3, and column 4 represents the
foreground mask of GMM and proposed application
respectively. From table 2 it is clear that the proposed
application performs better than GMM.

5, CONCLUSION

MATLAB applications for object detection were proposed in
this paper. GMM with post-processing is used here for object
detection. The approach includes preprocessing of video
frames, object detection, and morphological gradient as an
advanced filter. The proposed application shows good
performance over GMM. The developed application will be
convenient for users for practical implementation. Further
enhancements need to handle object detection in the dynamic
background, where motions are very fast.
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