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ABSTRACT

Motion detection is one of the most active research areas in computer vision application. Motion
detection can be informative and valuable, and motion information is very useful for visual
surveillance system. However motion detection analysis is still an open problem in computer
vision owing to the dynamic background, shadow, illumination changes, and camera jitter under
the uncontrolled environment. This study focuses on detecting scene changes in critical
environments effectively and efficiently. In order to tackle the stated problems, an improved
approach is proposed to deal with the critical environment problems in vision based motion
detection. The goals to be achieved include (a) the background model is represented by
codewords derived from the dominant quantized colors. (b) an image preprocessing technique is
employed in order to solve the lighting change effect on the motion detection result by
converting the RGB color space to the LAB color space. (¢) an image post-process technique is
performed to enhance the foreground mask result by filling up the broken moving objects for

which the morphological operation finds hard to cope.
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CHAPTER 1 INTRODUCTION

CHAPTER1 INTRODUCTION
1.1 PROBLEM STATEMENT

The ability of detecting moving objects or object in motion has become an essential
necessity for the majority of computer vision application. However, develops a reliable
application to implement moving object detection is still a challenge until today as motion
detection can be quite tricky. Let put under consideration that the object detected will be moving
at any time and any speed. They might be moving very fast and suddenly stay stationary, the
detection have to follow the object. The detection need to as fast as possible so that the object is
detected immediately when they comes into the detection area. It is difficult to detect an object
when it is in a busy environment where there are a lot of foreground objects. Moreover, when the
objects have similar properties with the background it makes it harder for detection. For human,
human are able easily determine and obtain several of the information out, for example,
foreground and background, motions and events. But computer is not like human, it does not
have self-learning ability, therefore they are not able to detect and track the motion as “smart” as

human.

Motion detection is considered a challenge task in computer vision field. Toyama et
al.(1999) and Bouwmans. (2014) listed that there are several type of challenges for computer

vision field and only few commonly challenges will introduced.

e Dynamic background: generally non-static and should be regarded as background based
on their relevance. Several dynamic factors such as waving tree, water rippling and so on
may produce false positive as the respective background pixel that move may move
different position as compared to previous frames.

e Gradual and sudden illumination change: Gradual illumination change are
experienced along sunlight changes as time elapses or the sun being covered by clouds in
outdoor environment, whereas sudden illumination change experienced along light can
sometimes be switched on or off in indoor environment. Different lighting condition
placed in scene might affect the visibility of object or alter the object appearance that
causes the object look different.

Bachelor (Hons) of Computer Science
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CHAPTER 1 INTRODUCTION

e Sleeping object: where a background made change by a moved object, for example if
someone parks car and not moved for a long period time, the car should classified as part
of background.

e Cast shadow: the shadow of the moving object that classified wrongly as part of
foreground pixel that should eliminate.

e . Camera jitters: caused by sudden background movement.

® (1) (111)

(a) Dynamic background

@ () (111) (1v)
(b) Cast shadow

'

(i1) (i11) (iv)
(c) Camera jitter
Figure 1.0: Example of scene change detection under various conditions.
(i) Background model, (ii) Input frame, (iii) Ground truth, (iv) False detection
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CHAPTER 1 INTRODUCTION

1.2 BACKGROUND AND MOTIVATION

Computer or machine vision, digital image processing and pattern recognition are a field
in artificial intelligence. It has become an extensive area of research on the images automatic
analysis and image sequences due to its wide range of computer application such as intelligent
visual surveillance, human-computer interaction, or video compression. Benefitting from the
advances in those fields, various methods were developed to allow a machine or computer to
implement such tasks like moving object detection and tracking, pattern recognition and other.
One of the applications is the robotized video-based reconnaissance or commonly known as
automated video- based surveillance system. In this study, moving object detection for visual

surveillance application will be focused as our topic of interest.

Visual surveillance system is a system that monitors the behavior, activities, actions, and
changing environment. In surveillance system, there are some common step, for instance, object
detection, object association, or refer as tracking, and scene event understanding. The building
block of visual surveillance system is indicated in Figure 1.1 and will briefly introduce in
Chapter 2 later.
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Figure 1.1: General visual surveillance system
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Figure 1.2: General visual surveillance system for multiple cameras

Motion detection has important roles in video surveillance system. It is become an own
research topic that drawn much attention in last decade because of its raising threat in security,
for example, assaults, intrusion, robberies or burglary in public area places such as indoor-
outdoor, railway/bus station or airport, to mention only few of them. (Yadav and Singh, 2015).

Video surveillance system is aim to help human administrator monitor CCTV camera
system and alerts them to deviate from normal behavior in the surveillance region without
manual assistance. It bring the fundamental advantages, which an administrator able to monitor a
huge number of camera with focusing his attentiveness to the critical place and times, due to the
monitoring region where non-intriguing occasion are going on can assume a tedious task.
Moreover, the information obtained through automatic video analysis method can utilized to help
video administrator as well as legal authorities with retrieve the evidence proof from recorded
video data, to control huge region video network in assignment and even for less technical and or

specialized problem as assisting to protect the individual privacy in public place.

Nowadays, the usage of video surveillance system is not restrained for safety and security
applications purpose. Video surveillance system can also being developed to analyzing the

demographic distribution of a crowd, to provide advertising assessment and quality of service at
4
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CHAPTER 1 INTRODUCTION

department store, traffic monitoring on highways purposes or even on houses area for intrusion
prevention. Thus these phenomena results in increasing of number use of video surveillance

system.

The purpose of this project is focus on the detection of objects in unrestricted
environments monitored with the static video camera. It is to identify for each frame the set of
pixels that are completely different from the previous frames. In the video surveillance domain,
motion detection has been frequently used in order to segment foreground objects from the
background. Foreground objects are the objects of interest in an automated surveillance system.
The segmented foreground objects are then associated between frames in order to perform a
scene analysis and detect events of interest. However, there are some backgrounds characteristics
as dynamic or sudden illumination changes, which might make difficult the task of background
modelling due to dynamic background will be recognized as foreground if there is insufficient of
training process. Thus, there is a need to modify existing method to solving these problems from
background because it is not meaningful to detect the background although there is have motion

but it is not in the area of interest.

Bachelor (Hons) of Computer Science
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CHAPTER 1 INTRODUCTION

1.3 OBJECTIVES

The objectives of this project are:

e To detect and track the moving object
- The system shall able to detect and sense any motions with focusing on object of

interest only.

e To introduce an efficient algorithm for moving object detection in the surveillance system
implementation
- The system aim to allow user have a better understanding how proposed detection

system can be applied

e To investigate the proposed methods able to overcome the challenges related to
background modeling

- The system shall able to perform in better way over the existing system to detecting

scene changes in critical environments such as dynamic backgrounds, changes and

moving objects.

Bachelor (Hons) of Computer Science
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CHAPTER 1 INTRODUCTION

1.4 PROPOSED APPROACH / STUDY

In this project, the moving object detection in input video is done by background subtraction
method with using multiple dominant colors in codebook algorithm concept. By applying
technique of background subtraction, the system shall first train with the video frames to model a
background model by extracting at least one dominant colors with a given frequency coverage
threshold. In the training phase, for each pixel from each training frame, the system reads its
color and increments on its specific quantized code word. After finished reading all frames, for
each pixel, the system sorts the codebooks and extracts the first number of most dominant code

words to be as the background model of that particular pixel.

In the testing phase, the system tests each original video frame with the background model to
distinguishing foreground and background pixels. The system should be able to generate
foreground detection result for each video frame by comparing color difference of each pixel and
each dominant code word in the background model.

1.5 HIGHTLIGHT OF THE CONTRIBUTION

In this project, an improved approach is proposed to deal with the critical environment problems

in vision based motion detection. The achievements include:

1) The background model is represented by codewords derived from the dominant quantized
colors.

2) An image preprocessing technique is employed in order to solve the lighting change
effect on the motion detection result by converting the RGB color space to the LAB color
space.

3) An image post-process technique is performed to enhance the foreground mask result by
filling up the broken moving objects for which the morphological operation finds hard to

cope.

Bachelor (Hons) of Computer Science
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CHAPTER 2 LITERATURE REVIEW

2.1  Object Detection Classification [Szeliski, 2010]

Generic object recognition, or may refer as category-level object recognition, is
considered to be one challenges in visual task in computer vision field [Szeliski, 2010].For an
instance of a particular general class, like, ‘human’, ‘bird’, or ‘car’, the task purpose to classify
and initialize it through visual feature correctly. Research on detect object models and image
location can be time-consuming for many computer vision applications. In order to reduce this
complexity problem, surveillance system typically distributed the problem into two steps: first,
the interest object is recognized, and another, the object that wanted to detect is initialized.
Interest object are basically refer to those object presenting something changes in the observed

scene or usually associated to moving objects.

2.2 Object Tracking Classification [Broida and Chellappa, 1986] [Tanizaki, 1987]
[Yilmaz et al, 2006]

Object tracking is the activities of build parallelism among the objects that detected
throughout the frames of a video sequences. Utilizing an object model and the motion they
exhibit is needed in order to perform this task. Object models typically are the points, primitive
geometric shape like ellipses, rectangle, articulated shape models as well as skeletons. The model
of motion able to delimit based on the selected object mode utilized. For instance, a translational
model can be used if an object is represented by point. Based on the domain application,
assumption is made to constrain the tracking issue. As example, point-based tracking model is
the popular choice to solve the tracking issue in the visual surveillance system. Therefore,
Kalman method proposed by [Broida and Chellappa, 1986] and Particle Filters method
proposed by [Tanizaki, 1987] are generally state estimation methods that used for computing the
cost of given object association. A better understanding on the topic of tracking including
appropriate use of image feature, motion model selection, and object detection can be found in
[Yilmaz et al, 2006].

Bachelor (Hons) of Computer Science
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CHAPTER 2 LITERATURE REVIEW

2.3  Background Subtraction Technique [Toyama et.al 1999] [Bouswans 2014]

Generally, motion detection can be conducted in many techniques. Background
subtraction is the most frequent used application for motion detection in image processing.

Therefore, background subtraction technique will be our topic of interest in this research.

Background subtraction is most commonly and widely used approach as a preprocessing
step in setup with static cameras. This method consists in using a scene background model to
detect foreground object through separating incoming frames. It attempt to detect the moved
object through subtracting the current image with every pixel from a reference background
image and compared it step-by-step with predefined object dataset. The basic of such way
needed is to separating the moving object known as “foreground” from the static information
known as “background”. This method is mostly fast and has low demanding in computational

term.

Figure 2.0 indicates a scene where a person enters in an office and then consults a book.
The empty office has been applied as background exemplary depiction whereas foreground mask

has taken from the manually generated ground-truth.

l

Figure 2.0: Background subtraction example for two sequence frame in an ‘office’.
Left: frame number, Middle: background scene, Right: ground truth foreground mask

However, this method can be sensitive to some uncontrolled environment conditions as well as
sudden illumination change, dynamic background and so on. An exhaustive introduction on
background subtraction method with main issue that this application has to deal with, can be
found in [Toyama et.al 1999] and [Bouswans 2014]. A few state-of-the-art background
subtraction approaches overview and their respective performance can be found later on in thesis.
(See2.3.1)

Bachelor (Hons) of Computer Science
Faculty of Information, Communication and Technology (Perak Campus), UTAR



CHAPTER 2 LITERATURE REVIEW

2.3.1 Statistical Models

Statistical models capture the distribution of pixel variations as a mean to build the
background model. This model provides adaptive solutions to solve problem such as illumination
changes and dynamic background. Several well-known statistical models are single Gaussian,

mixture of Gaussian and Kernel Density Estimation will discuss in next.
2.3.1.1 Single Gaussian, SG [Wren et al 1997] [Elgammal et al. 2000] [Kim et al 2007]

At early years, [Wren et al. 1997] introduced a background subtraction methods named
“Pfinder” (person finder) with adopt a Maximum a Posteriori Probability (MAP) method to

detect and track body of human in 2-D model as shown in Figure 2.1.

b

Figure 2.1: (left) video input (color image), center: segmentation, right: a 2-D blob statistic model
represents human body

[Wren et al 1997] modelled this 2-D region into low order statistic and each cluster of 2-
D points has a mean and covariance matrix that shall denote as p and K. The blob spatial

statistics is interpreted as Gaussian model as shown in equation (2.0).

ep[-30-wWK*0-0] 44

Pr(0) = —7
(2m)Z K[

where O is a particular pixel intensity and m is the color dimension.
10
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CHAPTER 2 LITERATURE REVIEW

Furthermore, this is supported by [Elgammal et al 2000] where they stated that pixel
intensities can be reasonably modelled with a Gaussian distribution when a series of frames are
monitored in a static background. Figure 2.2 depicts the sample pixel intensity histogram across
a period time that can be approximated with a single Gaussian distribution.

01 0.1 01

/
f [ | 005 a0s . 008 N'
MATTRM !,/\ b M)
1005 vl | ¥ A & 0
0o 20 ¥O 200 0 W0 ax
| oA 0.1 R
b o | | |
/
H o 00 ' 008
E, " !l A \' \ W!
| . . 8 [l ALY
\ | | 0 100 200 D WO 200 0 100 200
|V | 0.1 0.1 0.1
’ |
- | 005 ao 008
' i f ‘h‘ !
v [ J .

Figure 2.2: pixel intensity distribution example

Several of background subtraction methods are extensions of the Gaussian distribution
model, for example, Single General Gaussian (SGG) model proposed by [Kim et al 2007] and
Mixture of Gaussian (MOG) introduced by [Stauffer and Grimson.1999]. Nevertheless, these
methods only able to capture the scene change when background is static or less dynamic

compared to the foreground objects.

2.3.1.2 Mixture of Gaussian, MOG [Stauffer and Grimson 1999] [Zivkovic and van der
Heijden 2006] [Shimada et al 2006] [Tan et al 2006]

[Stauffer and Grimson 1999] proposed method of Mixture of Gaussian (MOG) or may
refer as Gaussian Mixture Model (GMM) that uses multi modeling to model a background pixel.
Each Gaussian distribution in the MOG has its variance and this value is used to identify whether

the Gaussian represent background or foreground.

A pixel process has been defined as a history of the intensity values of a pixel from frame 1 to
frame t as represented by equation (2.1) and some examples of pixel process are shown in

Figure 2.3.

11
Bachelor (Hons) of Computer Science
Faculty of Information, Communication and Technology (Perak Campus), UTAR



CHAPTER 2 LITERATURE REVIEW

(X1, Xi} = {I(z0,90,1) : 1 <1 St} (2.1)

where | is image sequences

c . ol

{c)
Figure 2.3: Some example illustrates the pixel process of some of
difficulties involved in real environments.
The pixel process illustrations depicts that an adaptive system with automatic thresholds
and a multi-modal representation are needed to handle difficulties involved in real environments.
Thus, [Stauffer and Grimson 1999] modelled the pixel process into K Gaussian distribution and

the probability of current pixel value can be calculated as:
K
P~ Z Wi * 'I(Xt' Hie» Zi.t) (2'2)
i=1

where
a) Kis the total number of Gaussian distribution, usually set to 3to 5
b) wi,t is the weight estimation for the ith Gaussian in the mixture at time t
c) ui,tisamean value of the ith Gaussian in the mixture at time t
d) Xi,t is the covariance matrix of the ith Gaussian in the mixture at time t
Assuming the red, green and blue pixel values are independent and with same

variances, the covariance matrix can be calculated using:
Tie=0F1 (2.3)
e) nisa probability density function (pdf) for Gaussian:

' 1. i
U(Xt'ﬂlz) =%e—§(3t‘u)2 1(Xe— (2.4)
(2m)Z|Z|Z

12
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CHAPTER 2 LITERATURE REVIEW

[Stauffer and Grimson 1999] used the expectation maximization (EM) algorithm to initialize
the weight, mean and covariance matrix. When there is a new testing frame, a matching test will be made

on every pixel and produce two type of result:

a) Case 1: The input pixel matches to any K Gaussians. If the respective
Gaussian is identified as a background, then the input pixel will be classified

as background pixel.

b) Case 2: The input did not match to any K Gaussians. The input pixel will be

classified as foreground.

When the input pixel is classified as foreground, the least probable distribution is
replaced with the current input pixel distribution as its mean value, an initial high variance, and

low prior weight. Finally, the K distributions at time t will be calculated as below:

wk,t = (l — a:)(l)k't_l + a(Mk‘t)
(2.5)
where a : learning rate

Mk, is 1 for the model which matched and O for the remaining models

However, using fixed number of Gaussian for each of the pixel is not optimal in terms of
detection and computation. [Zivkovic and van der Heijden 2006] introduced a method to
improve the Gaussian Mixture Model by adapting the number of Gaussian for every individual
pixel using Dirichlet distance. This method uses an exponential decaying constant a to update

the background model recursively as shown below:

Wit = Wi + “(05 = (‘)i,t)

(2.6)
a
Bis = Hie + O] (E) Om
(2.7)
a 2
it =Zie +0f (_> (5rTn<5m = Zf.t)
Wi e
where &, = (X; — tit) (2.8)

13
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CHAPTER 2 LITERATURE REVIEW

Furthermore, [Shimada et al 2006] introduced another background estimation method to
control the Gaussians number dynamically. This method uses a threshold to integrate or delete
the Gaussians. If the weight of the least probable distribution is less than the threshold, the
respective Gaussian will be deleted and the remaining Gaussians will renormalize their weights.
Otherwise, if the differences between the means of two Gaussians are smaller than a threshold,
the two Gaussians will be integrated into one Gaussian. Moreover, [Tan et al 2006] proposed a
modified online EM procedure to construct an adaptive - K Gaussian Mixture Model (AKGMM).
This model adjusts the parameters at each pixel adaptively based on the complexity of the

patterns using with a modified online EM procedure.
2.3.1.3 Kernel Density Estimation, KDE [Elgammal et al 2002]

[Elgammal et al 2002] define the probability density function (pdf) from a set of pixel
data without any assumption on the underlying distributions with introduced a general non-

parametric kernel density estimation technique.. The calculation of probability density function

" N d
BECE) = ﬁz l | Ks; (xff — Xy (2.9)
i=1 j=1

where K is a kernel function with bandwidth o,
x: is a d-dimensional color feature.

When choosing the Gaussian as the kernel, the estimated probability becomes:

= N a _%((xfj_:"ij)_ )
Pr(x;) = iz I_I = e o /

i=1 j=1 2mwo? (210)

Finally, by referring to the estimated probability, the pixel is classified as foreground pixel if
Pr(x:)<th where th is a global threshold for the whole image.

In term of practice, with go through to lookup tables, the computation cost of the probability
estimation stated above can be reduced. However, the complexity of this method is still (N?), so
that this has become the bottleneck of the method. [lanasi et al 2005] proposed a better

14
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CHAPTER 2 LITERATURE REVIEW

background tracking technique that grouping the strengths of parametric, namely, non-
parametric and histogram based density estimation method in order to reduce the calculation of

number of samples thus improve the estimation performance.
2.3.2 Cluster Models

Cluster models group the intensities of each pixel in the frame into clusters.
Representative cluster models include K-mean algorithms and codebook (Kim et al., 2004). In

the following, the codebook model is discussed in details.

2.3.2.1 Codebook Model [Kim et al. (2004)] [llyas et al 2009]

[Kim et al. (2004)] proposed a background clustering method to quantize each of the
sample background pixel’s value into codebook as a background model. The background pixel
variation is able to be captured through a long period time by using quantization. The
quantization is based on a color distortion metric corresponding with brightness bounds as shown

in Figure 2.4.

G

» R

B ‘/’/()

Figure 2.4: Proposed codebook color model - a color distortion and brightness
distortion separation evaluation

Assuming there are C codebooks and each of it consists L codewords to represent
different background model cluster for a particular pixel. Each codeword c;, i=1... L consist the

following items:

a) RGB vector, v; = (R G By)
b) 6-tuple, aux;, where aux; contains the following variables:

15
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CHAPTER 2 LITERATURE REVIEW

e I.I:The minimum and maximum brightness of every pixel assigned to codeword
respectively

e f: The frequency of the codeword occurrences

e 1: The longest interval during the training process that the codeword has not recurred and
is define as maximum negative run-length (MNRL)

e p,q: The first and last access time that the codeword has occurred respectively

Since the variation of pixel value is mainly related to brightness, therefore it will lie along the
principle axis of the codeword with low and high bound of brightness. Besides, the color
distortion is interpreted as a brightness-weighted version in the normalized color space. For
example, an input pixel, x:= (R, G, B) and codeword, c;where v; = (R, G, B), the color distortion

& can be calculated using:

lIx:lI> = R* + G* + B? (2.11)

lvill> =R+ G +B’ (2.12)

(x¢,v;)> =(R,"R+ G, G + B, - B)? (2.13)
(x¢, v;)?

p? = ||x;||?cost?8 = (2.14)

lv:ll?

Colour distortion, § = /||x.]|2 — p2 (2.15)

Furthermore, the minimum and maximum brightness I, T will be assigned to each of the
codeword and a range of brightness intensity will be taken into account that limits the shadow
level and highlight level. It will be calculated based on the minimum and maximum brightness as

shown below:
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R ~
L, = al, I; = min {[)’I —},where a<landf >1
a

Normally. @ 1s between 0.4 — 0.7, and £ 1s between 1.1 — 1.5,

(2.16)

Comparing with other methods, the codebook method only needs to find one of the codewords to

detect the foreground. Foreground will be detected by matching the input image pixel with its

respective codebook based on two conditions:

1. Color distortion, & < % where &2 is the detection threshold

2. Brightness= | TV low <1<l
False otherwise

If there is a match, the matched codeword will be updated by setting:

fiR,+R fG,+G f,B,+B
"
i E+1 7 fi+1° fi+1

aux; =< min{l, ;}, max{1,1;}, f; + 1, max{A;, t — q;},ps. t >

Otherwise, a new codeword will be input into the respective codebook by setting:

v, = (R,G,B)
aux; =< L.L1,t—1,t;t >

(2.17)

(2.18)

After the update, a sorting will be done on the codewords to relocate the most recently

updated codeword to the front in order to speed up the algorithm.

Furthermore, the minimum and maximum brightness I, T will be assigned to each of the

codeword and a range of brightness intensity will be taken into account that limits the shadow

level and highlight level. It will be calculated based on the minimum and maximum brightness as

shown below:

Bachelor (Hons) of Computer Science
Faculty of Information, Communication and Technology (Perak Campus), UTAR

17



CHAPTER 2 LITERATURE REVIEW

- -
L, = al, I; = min {[)’I —},where a<landf >1
a

Normally. @ 1s between 0.4 — 0.7, and £ 1s between 1.1 — 1.5, (2.16)

Comparing with other methods, the codebook method only needs to find one of the codewords to
detect the foreground. Foreground will be detected by matching the input image pixel with its

respective codebook based on two conditions:

1. Color distortion, & < £* where £ is the detection threshold

True  ligw < | < |y
False otherwise

2. Brightness =

If there is a match, the matched codeword will be updated by setting:

(fl-ﬁ, +R fiG, +G f,B + B)

e\ Bl - Fad il (2.17)
aux; =< min{l, ;}, max{1,1;}, f; + 1, max{A;, t — q;},ps. t >
Otherwise, a new codeword will be input into the respective codebook by setting:
v, = (R,G,B)
k ' (2.18)

aux; =< L.L1,t—1,t;t >

After the update, a sorting will be done on the codewords to relocate the most recently
updated codeword to the front in order to speed up the algorithm.

Moreover, codebook model is able to handle dynamic backgrounds, illumination changes
and allow moving foreground objects in the training process. During the training process, a
maximum negative run-length (MNRL) will be recorded for each of the codeword in order to
remove those false codewords from the codebook later. A threshold T, will be used for temporal

filtering to create a new codebook - without false background model as:
18
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M = {Cp|Cm € C AL, < Tag) (2.19)

Usually, the threshold T, is set to half of the number of training frames. As a result,
although some codewords having a large 4, but it will still be removed from the codebook as it

appears for a very short period.

[Kim et al 2005] also introduced two enhancements to the codebook model which are
layered modelling and detection, and adaptive codebook updating. The layered modelling and
detection is able to solve the wake up object problems. It is able to detect the foreground objects
although a new background was obtained during the detection phase. During detection process, if
the incoming pixel doesn’t match with any of the codewords from the respective codebook, it
will create a new codeword and add it to an additional model named cache. If the cache
codewords stay longer than a threshold T.q4, the cache codewords will be moved into the
background model. Meanwhile, if the cache codewords did not access for a period of time and

the time are longer than a threshold T'delete, it will be removed from the cache.

Another enhancement is to apply a learning rate to the update process in order to solve
the illumination changes problem. The updating formula for the existed codeword will be

replaced as:
v; =Y(R,G,B) + (1 —y)v; (2.20)
02 = p6% + 1(—p)a? (2.21)
where y and p are learning rates

ai is the overall variance of color distortion in the color model and it will

be initialized when the algorithm starts.

Lastly, the color distortion formula will also be changed to:

x 2 _n2
Colour distortion,§ = M (2.22)

0;
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[llyas et al 2009] introduced to add a new parameter f into the codebook algorithm as a criterion
for accessing, deleting, matching and adding a new codeword into the codebook. A frequency

parameter f. is also added for the cache codebook accessing. The modifications are as follows:

1) A new codebook M without false background model as:
M = {lecm ECA (;{m = T}f) A (f = fref)} (2.23)
If the cache codewords stayed longer than a threshold Tadd and the frequency of cache

codewords f¢>fre, then the cache codewords will be moved into the background model.
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CHAPTER 3 SYSTEM DESIGN
3.1 INTRODUCTION

Our project topic title is Moving Object Detection for Visual Surveillance Application.
We need an efficient algorithm for computer-vision program to track moving object in a video.
Although many algorithm and method has been proposed, most of them have their shortcoming
in terms of their accuracy, performance, memory requirement. In this project, the background

subtraction method by applied multiple dominant color with codebook construction is chosen.

Normally, background subtraction method is used in static camera; hence, the
background will be static (not moving). Background subtraction involved in building a
background model. Then we can determine for each pixel, it is a background pixel or a
foreground pixel. The entire foreground pixel can be classified as a “moving” object (because the
background is static, hence the foreground can be said as “moving”). Hence, we are able to

detect motion through this method.

In our implementation, we assign a (or a set of) dominant color to each pixel location. In
training phase, we learn the background through accumulation of quantized color bin value
across each frame of the training video for each pixel location. After training phase, the
background model can be from using the color that occur the most across all the frame of

training video for each pixel location.

At testing phase, for each pixel location, we obtain an absolute different of color value
between the background model and video frame. If the different exceed certain threshold, it is

marked as a foreground. The foreground is identified as “moving object”.
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3.2 Key Concepts

3.2.1 Background Modelling by Codebook Approach Based on Multiple Code Words and Code
Word Sharing

Pixel Codebook Codeword

Figure 3.0 Structure of Code Book Model

In this project, the key idea of the system is to generate a background model by
extracting the dominant codeword for each pixel and to generate a foreground mask results by
comparing the original test frame to the background model. Usually, the whole process can be
divided into two main stages, the training stage and the test stage.

In the training phase, first, the system divides all input training frames with user-
specified ROI dimensions into output sequences of smaller frames. It helps reduce processing
time and memory consumption when verifying the system process. By observing only a small
portion of the output, it can help us to concentrate while conducting analysis on those small
outputs.

The system employs a codebook model to handle each quantized color bin that will be
incrementally updated with the original color vector retrieved from the training frame. A pixel
represents a codebook and a codebook is constructed for each individual pixel in the training
ROI. Each codebook contains a codeword with the total number of all possible quantized color
bins. Similarly, each codeword represents a particular quantized color box and contains statistical
data, such as the frequency of occurrence of the respective quantized color bin for that particular
pixel. In the case where a null codebook is prepared, the system reads in the training frames of
each partition to fill the codebooks. For each color vector read from a particular pixel, its original
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vector value is accumulated and its frequency of occurrence is increased in the matched
quantized codebook.

As all pixel codebooks are updated, for each codebook, system is extracting a number of
dominant codewords among all the others by sorting all codewords according to its frequency of
occurrence. In the original system, only one dominant codeword will be extracted for each pixel,
while other pixel words will be treated as the foreground color of that particular pixel. It works
well on static background pixels with absolute dominant codewords, and all other codewords
cannot exceed the codeword in terms of frequency. However, it becomes problematic when it
comes to dynamic background pixels, which including interchangeably occupying multiple
dominant colors on that particular pixel. Since the original system does not treat any other
dominant codewords as a background, even if the frequency difference between the subsequent
codewords and the first codewords is small, false detection often occurs on the pixels.

It is concluded that the background model of a single dominant codeword is less
efficient against dynamic background scenes. Therefore, in our final system, we developed a
background training model that comprises multiple dominant codewords for each pixel. The
purpose of defining a frequency coverage threshold is to limit the extent to which the system
should consider the current color bin to be dominant in the ordered codeword array. However,
although the false positive on foreground detection is greatly reduced, but it is brings along side
effect of increasing in false negative detection due to the suppression for the condition to
categorize a pixel to foreground group has become stricter.

In order to solving this problem, codeword sharing is applied which this method
separate the dynamic and static pixels based on defined threshold value of codeword. If the total
number of codeword is greater than the given threshold, it will proceed to handle the dynamic
background process with find the maximum codeword and synthesize the low value codeword

value. Otherwise, it will handle the static background process.

Once the multi-layer background model is prepared, the system will enter the testing
phase. The system reads in the test frame and obtains the original color vector from each pixel
for background subtraction. The retrieved color vector from the test frame is compared to each
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major codeword for that particular pixel. To determine if it is foreground or background, the
system calculates the mean vectors of all the original color vectors that fall within a particular
dominant codeword, and finds the absolute difference between the colors vectors retrieved from
the test frame. So far, a series of result indicating foreground and background pixels have been
generated. To further improve the foreground mask, the system applies a flood fill method to the
foreground mask to remove shadow and fill the blank space within the foreground mask
component by expansion. It helps to improve the quality of the input bitmap connected to the
foreground component to reduce the erroneous final output.
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3.2.2 Lighting Effect on Color Intensities

Original Image Color component #1 | Color component #2 Color component #3

L- Color Jet Map B-Color Jet Map

Figure 3.1 Lighting Effect on Color Intensities

In this subsection, the main goal is to identify the optimal preference among the RGB and LAB
color variation which affected by lightness problem. Light pixels can have greater fluctuation in
its intensity values compared to dark pixels. The dark pixels provide the high uncertainty
compared to bright pixels due to color ratios uncertainty is relevant to lightness. This cause the
detection in the dark pixel region not stable and wrong detection clustered around the dark

regions. Therefore lightness shall be considered as one of the factor in color ratio comparison.
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LAB color space is better instead of RGB color space in reducing false positive because
LAB color space is more approximate to human vision whereas RGB color space is device-
dependent. In the LAB color space, the L channel is independent with the color information and
encodes lightness only. Else of the two channels are encode colors. In other words, L-
distribution stand for lightness, A-distribution and B-distribution stand for color-opponent
dimension. Not like in RGB color space, the information of color is split into three channels and
these three channels are encodes the lightness information. Therefore, RGB color space lowers
the sensitivity analysis of detection because much variance at a pixel is involving consideration
on level of illumination, which is dark or bright. In order to solve the lightness problem such as
shadow, the post processing by using flood fill to enhance the foreground mask image for

shadow removal will be conducted.
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3.3 System Flow Chart Diagram
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Figure 3.2 System Flow Chart Diagram
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3.4 System Pseudocode

Pre - Processing Stage

STEP 1: Display the properties about the video and read in the first frame from video sequence
a. Get the properties of the video sequence, frame_nums < total number of frames,
width € frame width, height < frame height, fps < frame rate, etc. and display all
the properties.
b. sampleFrame < first frame

STEP 2: Determine the training phase and testing phase parameters with user key in in order to
reduce the training and testing processing time.

trainStartFrameldx < Frame position of starting training frame

trainEndFrameldx € Frame position of ending training frame

testStartFrameldx < Frame position of starting testing frame

testEndFrameldx € Frame position of ending testing frame

STEP 3: Use the first frame to select ROI (region of interest). Crop all video frames sequence
according to the selected ROI into sequential ROI images and copy into a vector with Mat type.
After that, display the new ROI width and height of the frames.

Perform Background Modeling (Training Stage)

Step 1: Construct a codebook with the total size of frame, codebook [frame height * frame width]
and it consist of a list of code word with different length. For each code word in codebook, it

consists of the attributes including quantized color and frequency of code word occurs.

Step 2: Read in the ROI image of the training frame one at a time.

Step 3: Loop through every pixel of the ROI image and convert the colour of the pixel into bin
number and go to the codebook for the corresponding pixel and update the frequency of the bin

in the code word [bin number] vector with size 512.
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Step 4: After finish reading the entire frame, sort the frequency of bin in the code word vector in
descending order for each codebook

Step 5: The number of dominant colours for a code book is equal to the first few code wood bins
that have the highest cumulative frequency less than 95%.

Step 6: Construct the background image pixel by pixel by converting the highest frequency of
bin in the code word of a codebook for the pixel to colour and assign the colour to the pixel of
the background.

Step 7: Display the background model.

Foreground Detection (Testing Stage)
Step 1: Read in ROI image from the testing frame sequence one at a time

Step 2: Comparing the input pixel in current testing frame with the corresponding pixel
background model by performing 3-channel absolute of color. If the condition is match, such
pixel is classified as background; otherwise it is classified as foreground.

Step 3: Display the foreground mask result.

Post Processing — Stage
Remove the shadow from the foreground mask image

Step 1: Create binary image for triple value foreground masks (0 = foreground mask 0,255, 1 =
foreground mask 128)

Step 2: Based on the binary image, construct the connected component and obtain the boundary
box

Step 3: Based on each of bounding box, we plot the L* distribution color histogram.

Step 4: Based on the color histogram, we are differentiating there is single (foreground) or
double different connected region (shadow and black body).

Step 5: To extract shadow region, scan the pixel in the boundary box whose binary image value
=1. Use this pixel as seed point and apply the flood fill method.

Step 6: Repeat for this step for the multi-value foreground masks to remove the shadow pixel

Step 7: relabel the shadow pixels in fore mask image to become background (255).
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CHAPTER 4 SYSTEM TESTING AND IMPLEMENTATION
4.1 System Code Description

The figure below is shown the overall structure and the flow of the program.

#include <iostream:>

#include <string.h>

#include <ctime>

#include <math.h>

#include <opencv2/opencv.hpp>

#include <opencv2/highgui/highgui.hpp> // OpenCV Window IO
#include <cmath>

#include <algorithms

using namespace cvj
using namespace std;

struct CCdEr.'il.tt

J"’.I" *kE global Variable EEEEE L L EE Lt
vector< vector<{CodelAtt> > CodeWAttriAtPixel;//CodeWAttriAtPixel[pixelcount][QcolorBin] ; Total pixel number unknown until training
Point VertexLeftTop(-1, -1}; // Roi initial setting points

Point VertexRightDown(-1, -1);

Mat Roi;

vector<int>TotalNumCW; //dynamic memory using push_back;TotalNumCW[pixelcount]

int NumDominColors = @;

float cumulativePercent = 8.8;
[ 8588 s R R R

bool flag_colorConver = false; // Normally bgr color space
bool flag_CwWBorrowing = false; // Normally no borrowing
bool flag_KeyInROI = false;

int trainStartFrameldx, trainEndFrameldx;

int testStartFrameldx, testEndFrameldx;
.|"].|" EEEE LS E LSRR LR SRS

f/ *kkkkkkkkkkkkkkikk prototype *kkkkkkkkkkkkkkkkkkhkkkkhkkkhkkkhkkhkdkhkdkhkkkkdkhkkhkkhkkkkk

int bgr2QColorBinIndex(Vec3b color);

Vec3b QColorBinIndex2bgr(int bin);

void onMouse(int Ewvent, int x, int y, int flags, woid*® param);

void training phase(string filename, int frame_nums, int width, int height, vector<Mat: frames_train);
void testing phase(string filename, int frame_nums, int width, int height, vector<Mat: frames_test);

b e b e

- read a video and show the videe info------------ - -------- - - - - - - - - - - --\--\- -\ - - -\ - -\~ -\~~~ -~~~
int mein()[{ .. 1]
- mouse to click for select Roi and use setMouseCallBack statement------------------------—-—

void onMouse(int Event, int x, int vy, int flags, woid* pa’an')
j/*************************** TRAINING Stage EE RS e et e e e e et S E R e e b et et

void training phase(string filename, int frame_pums, int width, int height, vector<Mat> f'an'es_t'ain)

f/***************************TESTING Stage**************************************************

void testing phase(string filename, int frame_nums, int width, int height, wvector<Mat> f’an'e‘_test)

// convert the color value of the pixel into Bbin color indices

int bgr2QColorBinIndex(Vec3b cclc:’:l

J//convert the 8bin color indices format value into normal color value

Wec3b QColorBinIndex2bgr(int bin)
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In beginning, include the necessary library and the namespace.

#include <iostream>

#include <string.h:

#include <ctimex

#include <math.h>

#include <opencw2/opencv.hpp>

#include <opencw2/highgui/highgui.hpp> // OpenC¥ Window IO
#include <cmath>

#include <algorithm:

using mamsspace ov;

using mamespace std;

4.1.1Data Structure and Classes

Then, define the structure or class needed for codebook based background subtraction algorithm
which named as CodeWALtt. The main purpose of defining this structure is to hold the updated
statistical data about a specific quantized color bin of a particular pixel during the training phase
and to be used in the process of dominant codewords extraction and then background subtraction.

This structure has the following attributes and functions:

struct CodelAtt
r
i
int pColor8inFreguency;//the number of the code word appearance
int QCOolorBinIndex;f/ the guantized color bin index
Vvec3f original_ color _mean; fimean_color_value
Vec3if original color std dewi; f/ standard deviation_color value
Codewatt()
{
RColor8inFreguency = B;
DColor8inIndex = @;
originazl_color_mean = { 8, B, 8 };
original_color_std devi = { @, 8, 8 };
bool operator< (const Codelatt } const
{
Jfoperator owverloading
return this->JColorBinFreguency > x.QColorBinFrequency;
b

In this structure, it is overload the < operator to let the program can sort the CodewWAtt according

to the frequency of color value will have higher sorting index during the training phase.
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4.1.2Global variables

Define the required global variables which list as shown as below.

P ittt global variable #=f*sssssssisiessetsithmtetiatnntnes

Roi;

vector<CodewWdtt> > CodeWAttriatPixel;//CodewattriatPixel[pixelcount][QcolorBin] ; Total pixel number wunknown wuntil training

t wvertexLeftTop(-1,
t wWertexRightDown(-1, -1);

imt NumDominColors = B;
flost cumulstivePercent = B.8;

bool flag_colorConver = falss; ff
bool flag CWBorrowing = falss; [/
bool flag KeyInRODI = falssj

-1); #/ Roi initial setting points

or<int>TotalNumCW; / fdynamic memory wsing push_back from MumDominantColors; TotalhmsOW|pixelcount]

ff cumulative frequency precent for dominanmt color.

NMormally bgr color space
nMormally no borrowing

44 mormally no roi key in

int trainstartframeldx, trainEndFrameldx; /f Starting and ending frame for training phase
int testStartFrameldx, testEndFrameldsx; {f starting and ending frame for testing phase

4.1. 3 Function Lists

The below shows the function list which will be used in the algorithm.

Jf wemdmmemkEn e function 1ist prototype *®tssssssst st e R e S
int bgrzpColorsinIndex{Vec3b color);

vec3b QColorBinIndexzbgr(int bim};

vold onMouse{int Ewent, imt x, int y, imt flags, wvoid® param);

wvold training phase(ztring filename, int frame_nums, int width, int height, vector<Mat> frames_train};
vold testing_phase(string filename, int frame_nums, int width, int height, vector<Mat: frames_test);

4.1.4 Main Program Function

In main program, choosing the test video and read the first video frame for the purpose of ROI

selection. Then, check whether the read is successful or not. If the video file not exists, the

program will prompt an error. Otherwise, the program will display the video properties.

int main(

)

string filename = "TCEMS with shadow.avi"; // 3264 , 4808 , 5580

VideoCapture inputVideo(filename);

if (!inputVideo.isOpened()) { /f check if the video is walid
std::cout << "Could not open the input wideo!™ << endl;
return -1;

H

int frame_nums = (int)inputVideo.get(CV_CAP_PROP_FRAME_COUNT), //get video information
width = (int)inputVideo.get(CV_CAP_PROP_FRAME_WIDTH),
height = (int)inputVideo.get(CV_CAP_PROP_FRAME_HEIGHT);

double frame_rate = inputVideo. get (CV_CAP_PROP_FPS);

std:
std:
std:
std:
std:
std:

icout
icout
icout
rcout
icout
rcout

<€
<4
<<
4
<4
4

"Video name: "

"Frame numbers: "

<< filename << endl;
<< frame_nums << endl;

"Width: " << width << endl;
"Height: " << height << endl;

"Frame rate: "

"Yideo length: "

<{ frame_rate << " fps" << endl;
<¢ (int)(frame_nums / frame_rate / 68) << "mins" << (int)(frame_nums / frame_rate) ¥ 6@ << "secs" << endl;
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After choosing a video file, allow user enter the start and end training frame number. As the total
training frame difference, the result of foreground detection will be difference also. Besides, user
also need to enter the start and end testing frame number to allow user select their interest part of
video sequence. Since the result accuracy of foreground detection is depends on the dominant
color, thus the program is allow user to determine the suitable percentage value to classify the
boundary between the dominant colors.

std::cout << " Please enter both the starting and ending frame numbers for the training sequence: ™;
cin > trainStartFrameldx >> trainEndFrameldx;

std::cout << " Please enter both the starting and ending frame numbers for the testing sequence: ";
cin > testStartFrameldx >> testEndFrameldx;

std::cout << "Please enter the cumulative percentage for the dominant colers: (8.8 ~ 8.99) ";

cin *»* cumulativePercent;

Lastly, user needs to draw a rectangle shape to select ROI image after the input of the video by
calling the “setMouseCallback” function. After get the ROI image, the function will generate the
video frames according the ROI image. A vector is created for to store the frames of data set for
later use. There is consisting of two ways of selecting Region of ROl where one of way is using
mouse to draw a rectangle to select the ROl image. Meanwhile, another way is user defined the
rectangle properties such as the x-left position, y-top position, width and height. After that, press

Esc key to process to training phase.

Mat image;
vector €Mat» frames(frame_nums), frames_train{frame_nums), frames_test(frame_nums);

if {(flag_KeyInROI == false)
inputVideo.read{image);//inputV >> image;
namedWindow("SelectRoi™, CW_WINDOW_AUTOSIZE);
imshow("SelectRoi”, image);
std::cout << "“n Drag the mouse's left key to select two points for roi and then release.™ << endl;
std:icout << "Press the esc key to guit the roi selection!ir™;
zsetMouseCallback("SelectRoi", onMouse, NULL)j;
while (true)
if (VertexLeftTop.x != -1 && VertexRightDown.x != -1}
Mat RoiInit = image.clonel();
rectangle(image, Rect(VertexlLeftTop, VertexRightDown), Scalar(255, @, @), 1, 8, @);
Rect WhereRec{min{VertexLeftTop.x, VertexRightDown.x), min{VertexlLeftTop.y, VertexRightDown.y),
abs{VertexLeftTop.x - WertexRightDown.x), abs{VertexLeftTop.y - VertexRightDown.y));
RoiInit{khereRec).copyTo(Roi);
cwv:rimshow("Roi™, Roi);

if (cwvkaitKey(33) == 27)

break;//break out of the while loop

¥
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Rect WhereRec = Rect{min{VertexlLeftTop.x, VertexRightDown.x), min{WVertexLeftTop.y, VertexRightDown.y},

gbs(VertexlLeftTop.x - VertexRightDown.x),abs(VertexLeftTop.y - VertexRightDown.y));

int trainfFramelLength = trainEndFrameldx - trainStartFrameldx + 1;

inputVideo.set({CAP_PROP_POS_FRAMES, trainStartFrameldsx - 1);

for (int k = 1; k <= trainFramelength; k++)

i
inputVWideo »>> image;
Mat RoiInit = image.clone();
RoiInit(WhereRec) .copyTol(frames_train[k]);
T

width = frames_train[1].cols;

height = frames_train[l].rows;

std::cout << "“nNew Roi Width: ™ << width << endl;

std::cout << "“nNew Rol Height: ™ << height << endl << endl;

int testFramelength = testEndFrameldx - testStartFrameldx + 1;

inputVideo.set(CAP_PROP_POS_FRAMES, testStartFrameldx - 1);
for (int k = 1; k <= testFramelLength; k++)

i
inputWideo >> image;
Mat RoiInit = image.clone();
RoiInit(WhereRec).copyTolframes_test[k]1);
T
if (flag_KeyInROI == true)

i

inputVideo.read{image}; /finputvideo »> imsge;
=96, y =129, W=4, H = 4;
y =62, y =94, W=4a4, H=a9;
int x = 93, y = 12, W = 71, H = 43;

cv::iRect wWhereec{x, y, W, H);
Mzt RoiInit = image.clone();

RoiTnit{WhereRec).copyTo(foi);

cv:iimshow( “Roi”, Roi);
waitkey(18);

int trainFramelLength = trainEndFrameldx - trainStartframelds + 1;
inputVideo. set(CAP_PROF_POS_FRAMES, trainstartframeldx - 1);

for {int k = 1; k <= trainframseLength; k++)

{
inputvideo »> image;
Mat RoiInit = image.clone();
RoiInit(wherefec).copyTo{frames_train[k]);
}

width = frames_train[1].cols;

height = frames_train[l].rows;

std:tcout << T\nNew Rol width: " << width << endl;

std::zcout << “ynMNew Roi Height: ® << height << endl << endl;

int testFrameLength = testEndFrameldx - testStartFrameldx + 1;
inpurtVideo. set(CAP_PROF_POS_FRAMES, testStartFrameldx - 1);
for (int k = 1; k <= testFrameLength; k+s)

{
inputvideo »>» image;
Mat RoiInit = image.clone();
RoiInit(Wherefec).copyTo{frames_test[k]};
}
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In the background training phase, the training frame is start from the user-define training frame

number based on the main program. When the first training frame is read, the program will loop

through every pixel of the frames which corresponds to the RoiWidth and RoiHeight to assign

the color pixels into the 2- dimension CodeWALtr vector created. int QColorBinlIndex is used to

store the value of bins in each pixels and it is then stored in QColorBinIndex in the CodeWAttr.

For every loop, the frequency of the CodeWAUttr increases to indicate how many pixels are

generated. Besides, the mean value of colours pixel and total of mean square of colours pixels is

also calculated to compute the standard deviation of colours pixel.

wvold training phase(string filename, int frame_nums, int width, int height

r
1

Std: cout €c "EEeEsememsma Training Phase**etssssteassasasbatnstass

std: jcout << "“\nflag colorConver " «¢ flag_colorConver <£ endl;
std: :cout << "\nflag CWBorrowing " «¢ flag OWBorrowing <€ endl;
std: jcowt << "\nflag_ KeyInAOI = " << flag KeyInROI << endl;

int start_s = clock{);

Mat img;

float progress = B.8;

int barWidth = 35;

videoCapture inputvideo(filename);

R GET PIXEL COLOR --=-----=m-==mmmmm-

vector storing walwes of each pixel’s color from all training

codebook with length of area without constructor
codebook, assign 512 constructor of codeword

vertor<vector<CodekWatt> > CodewatrtriatPixelz((width*height) ector

Eft}, wvecto
int pixelCount = B;

int trainFrameLength = trainEndFrameldx - trainstartFrameldx + 1;

video frames and used to generate the backgrou

ocdeWatt> (512,

<« endl;

Codewatt()});

€< trainstartFramseldx

std::cout << "\nTrain Starting Frame and Train Ending Frame are "
<¢ ", " << trainEndFrameldx: << endl;

vertor<vector<vec3if»> original_color_squared mean;// 1/8/Z0L1E

origimal_color_squared mean.resize{(width*height)]);

vec3b pixel color; fY pixel_color is to display the training samples for debugging

for (int i = 1; i <= trainfFramelLength; i++)
{
img = frames_train[i];
if (flag_colorConver == true) J/f changes from bgr to Lab
{
cvtColor{img, img, CV_BGRZLab); //Sawve LAB image only
1
pixelCount = B;
if (img.empty ()]
{
std::cout << “"Frame ™ «<¢ i <€ " is empty” << endl;
break;
1
if (flag_colorConver == true) // Mow in the Lab space
{
cvtColor{img, img, Ov_LabzeGR); ////Save RGE image only
1
imshow( "~ Training Frames™, img); £/ always in the bgr space
if (flag_colorConver == trues)
{
cvitColor{img, img, CV_BGRZLab);
1
waitkew({1l);
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Jftonstruct the attibutes for each quantized color which represents a code word
for (int y = B; y < img.rows; y+)

for (int ¥ = 8; x ¢ img.cols; x+)

{

if (original_color_sguared mean[pixelCount].size() == 8)
original color_squared mean[pixelCount].zssign(siz, { @, €, 8 });

imt QrolorBinIndex = bgr2QColorBinIndex(img.ateveciba(Point(x, ¥)));

Codewatt &Codeord = CodeWtttriatPixel?[pixelCount][QColorBinIndex];
fftonstruct the attibutes for each quantized color which represents 2 code word
CodeWord.QColorBinIndex = QColorBinIndex;

Codeord. QColorBinFrequency+;

for (int chann = 8; chamn ¢ 3; chann++)
Codeword.original_color mezn[chann]
= ((Codeword.QColorBinFrequency - 1) * Codeword.original color mean[chann] + (img.at<vec3b»(Point(x, y)}[chann]}) /
CodeWord. QLolorBinFrequency;
original_color_squared_mean[pixelCount][QColorBinIndex][chann]
= | (Codeword.QColorBinFrequency - 1) * original_color_squared_mean[pixelCount][QColorEinIndex][chann] + pow{(img.at<vec3be(Point(x, y))[chann]), 2}) /
CodeWord. QLolorBinFrequency;

1

'|: ixelCounts+ i

for (int i = 8; i « CodeWattriatPixel?.size{)}; i+s)

vectorcCodendtt> &CodeWords = CodewWAttriAtPixel2[i];
for {int j = B; j < CodeWords.size()}; j++)

for (int chann = 8; chann < 3; chann#+)
1
Codewords[j].original_color_std_dewvi[chann]
= sgrit{original_color_squared_mean[i][j][chann] -
pow{CodewWords[j].original_color_mean[chann], 2}};

After all training pixel codebooks are updated with all training frames, system starts to extract
dominant code words for each training pixel to produce final background model. It will sort the
code word vector first with the frequency (count) of that code word appears from high to low. In
main program, user will enter the percentage value. The frequency of code word will continuing
accumulate until the value is exceeds the user-define percentage value, the other color pixel
which are not count into accumulate value will be remove. The number of sorted dominant
colors is found. And by here, a background model with multi-layer dominant codewords is
produced.
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Sy ——— COMSTRUCT BACKGROUMND - --—-—-—— - - - - - m s s s m s e s e e e m e m— mmmm—m——— o
S /By taking the wector storing all pixel's color

S/ Compare the dominant color and original frame color at a particular px

SAIT matches, construct background by using original frame BGR walue

Mat background = Mat::zeros(height, width, CV_8UC3);

int x = &, yw = @8;

float sum = ©.8;

/4 For each pixel, find the sorted dominant colors

for (int j = @; j < CodeWAttriAtPiwxel2.sdize(); Jj++)

i
sort(CodelWAttriAtPixel2[j].begin(), CodeWAttrifAtPixel2[j].end())s
Af sorting the quantized color wvector in the descending order

int gquantization_step = 32;

int quantization_lewvel = 256 / quantization_step;
for (int k = 8; k < pow(quantization_lewvel, 3); k++)
i

sum += CodelWattriAtPixel2[j][k].QColorBinFrequency;

if (sum > trainFrameLength * cumulativePercent)

i
NumDominColors = k + 13
it (j CodekWattrifAtPixel2. . size(() - 1)
=t rcout €< "\ nSum, NumDominColors =" << sum << "“t" << NumDominColors << endl
sum = B;
break;
¥
TotalMuemCW. push_back{MumDominColors); 74 the only dymamic memory
background . atcvecEIb>{FPoint{x, w1} = QColorBinIndexZbzr(CodemattriacPixel2[j][9] QColorBinIndax});
X4+
if (x >= width}
i
® o= B
b

Ff in the end of the j-loop x reaches width and w reaches height.

iudewﬂttrintpixel = CodeWattriatPixelz;/ /the transfer is nesded
std:zcout << "wnTotalMumiW.size():" << TotalNumCkW.size{)} << endl;
if {(flag_colorConver == Ttrue}

f cwtColor(background, background, OV _LabZBEGR};

¥

imshow{ "background”, background};
waitkew(1};
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Proceeding to testing phase, the video frame jump to the user-define starting testing frame
number and enter testing phase. The system initializes CodeWAttrAtPixel with background
model returned from CodeWALttrAtPixel2. For each testing frame, colors vector is retrieved from
each pixel and compared with the each dominant code words in the background model. Through
background subtraction, the system categorizes whether a pixel is background or foreground,
with a frame-by-frame, and pixel-by-pixel basis. At the end of testing phase, a sequence of

foreground detection bitmap results shall be produced and displayed to user.

woid testing_phase(string filenams, int frame_nums, int width, int height, wector<Mat:> frames_test)
r
1

std::cout gg "EEEEesseases Testing Phaggwe=se=msamamen <« endl;

Mat img;

float progress = B.8;
int barwidth = 35;

videoCapture inputvideo(filename);

Mat foreground = Mst::izeros{height, width, OV_BUC1};
double x, v = B.8;

Fiint size_threshold = 58;

int size_threshold = 54;

int start_s = clock(};

Fiint teststartfFrame = (int)(frame_nums* B8.7}; J/f 2/B
Fiint testEndFrame = (int}({frame_nums *B.853); fF2/8

int testFrameLength = testEndFrameldx - testStartFrameIdx;

std::cowt << "\nTest Starting Frame and Test Ending Frame are " «¢ TestStartFrameldx
¢ ", " £¢ testEndFrameldx << endl;

for (int i = 1; i <= testFramelength; i++)
{ ffloop through frases; i1 is better renamed as frameidx; not to use 31l frames
imt pixelCount = 8; //for the new testing frame reset the pixelCount zero

img = frames_test[i];
imshow(“Testing Frames", img);

fiimarite| "DayTimeHighway 1429 BGR.jpg™, img);

if (flag_colorConver == true) // Mow in the Lab space
r

L

}

cwtColor{img, img, CV_BGRZLab);
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for (int y = 8; ¥ < img.rows; y+)
{ ffcompare the color of foreground pixel and bg pixel
for (int x = 8; x ¢« img.cols; x+s)

i

foreground. at<uchar»(y, x) = 8;
[/ Initially each pixel set it as a fg (2)
f# Check if its color is similar to one of all code words? IF yes, it is bg; otherwise, it is fg

for (int 1 = @8; i ¢ TotalNumCW[pixelCount]; i++}

{

if (abs{QColorginIndex2bgr(CodemattriatPixel[pixelCount][i].QColorEinIndex)[1] - img.atevecsbx{y, x)[1]} < 38 &&
{abs(QColorBinIndex2bgr(CodewattriatPixel [pinelCount][1].QColorBinIndex}[2] - img.at<vec3be(y, x)[2]) < 38))

if {(QCoclorBinIndexzbgr(CodewattriatPixel[pixelCount][i].QColorBinIndex}[8] - img.atovec3ba(y, x}[8])
» B.28%(QColorBinIndexzbgr(CodeWattriftPixel [pixelCount][i] .QColorBinIndex}[B]))
{

foreground.at<uchar>(y, =} = 128; // shadow or black moving object

break;

1
r

alse if (abs(QColorBinIndexZbgr(CodewattristPixel[pixelCount][i].QColorBinIndex)[8] - img.at<vec3be(y, x)}[8]) « 38)

{
foreground.at<uchars(y, x} = 255; [/ background
break;
}
}
}
pixelCount++;
}
}
if (({(int)progress ® 188) % 18) == 8)
{
std:icout <¢ int{progress ® 188.B) <« " E\rT;
std: rcout. flush(};
progress = (float)(i + 8.8) / testFramelength;
}
vz :imshow( “Binary foreground mask”, foreground);
v weitkey(1);
|
std::cout <¢ “mome! 7 < endl;
std::cout << endl;
int stop_s = clock();
std::cout <¢ “Time elapsed: " <¢ int{{(stop_s - start_s) / double(CLOCKS_PER_SEC)) / 68) ¢« " min "
¢¢ {imt({stop_s - start_s) / double(CLOCKS PER_SEC)) % 68) <¢ " sec” <« endl << endl;
std::cout << “\nflag_colorConver = ¢ flag_colorConver <¢ endl;
std::cout << “\nflag_CWBorrowing = " <¢ flag_CWBorrowing << endl;
std::cout <¢ “\nflag KeyInROI = ° ¢¢ flag KeyInROI << endl;
!
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4.1.5 Function Declaration
Mouse Click Event Function

wvoid onMouse{int Evenmt, int x, int y, imt flags, woid* param)
1
if (Event == CV_EVENT_LBUTTONDOWN) {
vertexLeftTop.x = x;
vertexLeftTop.y = ¥;
if (Event == CW_EVENT_LBUTTONUP) {
vertexfightDown.x = x;
vertexfightDown.y = v;

This function is used to handle mouse event to let user select ROl. Once the ROI boundary is
selected, set the start-coordinate of (x, y) and end-coordinate of (x, y) using Rect class.

C++ : void onMouse ( int Event, int x, inty, int flags, void* params)
Parameters:

Event - mouse condition

e X —the cols coordinate

e y- the rows coordinate

e flags — mouse condition

e void* param — other parameters.

Color Quantization Function

// convert the color value of the pixel inte 8bin coler indices

int bgr2QColorBinIndex(Vec3b color)

1
int gquantization_step = 32;
int b = color[@] / quantizatien_step, g = color[1] / quantization_step, r = coler[2] / quantization_step;
return 64 * b + 8 * g + r;

}

Convert the BGR 3 channel color value into quantized bin color indices [0,512]. This function
converts the color value of the pixel into 8 bin format and it takes a variable with type Vec3b as
the only parameter.

C++: int bgr2QColorBinIndex (Vec3b color)

Parameters:
e color — Vec3b type to be converted into 8 bin format value.

Color Conversion Function
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/fcanvert the Bbin color indices format walue into normal color wvalue
Wec3b QColorBinIndex2bgr(int bin)

1
int b = bin / 64, r = bin ¥ 8, g = (bin / 8) ¥ 8;
return Vec3b(b * 32 + 16, g * 32 + 16, r * 32 + 18);

Convert the 8 bin color indices [0,512] into RGB color. This function converts the 8 bin format

into color value of the pixel and it takes a variable with type integer as the only parameter.
C++: Vec3b QColorBinIndex2bgr (int bin)
Parameters:

e bin — 8 hin format value to be converted into VVec3b value.

Training phase function
void training_phase(string filename, int frame_nums, int width, int height, wvector<mat> -F-'a“'es_—_-'-ai-“)

C++: void training_phase(string filename, int frame_nums, int width, int height, vector<Mat>
frames_train)

Parameters:
e filename — Name of the video file to be loaded.
e frame_nums — Total number of frames of the video data set.
e width — ROI width of the frame of video data set.
e height— ROI height of the frame of video data set.

e Frames_train — A vector storing every frame of data set for training.

Training phase of the system is to find the background image or in another word background
modelling for every pixel in all the data set frames. The output of this phase will be a vector

consists of attributes needed for every pixels and a background model.
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Testing phase function
void testing phase(string filename, int frame_nums, int width, int height, wvector<Mat> f-'e."ez_‘.es‘.j

C++: void training_phase(string filename, int frame_nums, int width, int height, vector<Mat>
frames_test)
Parameters:

o filename — Name of the video file to be loaded.
e frame_nums — Total number of frames of the video data set.

e width — ROI width of the frame of video data set.
e height — ROI height of the frame of video data set.

e frames_test — A vector storing every frame of data set for testing.

Testing phase of the system is to construct the binary foreground mask for every pixel in all

the data set frames.
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4.2 System Code Testing and Verification
4.2.1 Testing Core Functions on Video Clips

Generally, in motion detection, there are three common steps as following, unless specified for
post- processing steps:

A. ROI Selection
First, read in a video and get the first frame from video sequence. The window namely

“SelectRoi1” which displayed the first frame capture from the video and will allow the user to
select the ROI in rectangle border. Only ROI selected by user is being processed.

I (K JuSelectRoi ==

Figure 4.0 ROI selection

B. Perform Background Modeling (Training Stage)

Next, it will proceed to training phase. After the processing step, the background is constructed
based on highest frequency of color index in each pixel.

® ° Training Frames - O X B background — O 4

Figure 4.1 Performing Background Modelling
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C. Foreground Detection (Testing Stage)
Lastly, it will proceed to testing phase. And then, the foreground mask output result is generated.

® ° Testing Frames — O X B Binary foreground... — g pod

. T o &
4 § s B
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Figure 4.2 Foreground Detection

44

Bachelor (Hons) of Computer Science
Faculty of Information, Communication and Technology (Perak Campus), UTAR



CHAPTER 4 SYSTEM TESTING AND IMPLEMENTATION

4.2.2 Debugging tool for image colors conversion and display.

| W8 C:\Users\Kelvin Or j\Documents\Visual Studio 2013\Projects\FYP\x64\Debug\FY| F A_Mat2 jet O < || W3 B_LAB_Mat2_jet - O

?Left mouse button is clicked - position (141, 133)
BGR is [89, 83, 76]

lLAB is [89, 127, 123]

4

|Left mouse button is clicked - position (170, 134)
BGR is [93, 84, 74]

LAB is [90, 126, 121] ‘g
s -

lLeft mouse button is clicked - position (188, 135)
BGR is [83, 77, 66]

lLAB is [82, 125, 123]

6
|Left mouse button is clicked - position (82, 140)
BGR is [161, 167, 166]

LAB is [174, 127, 131]

7 —
|Left mouse button is clicked - position (105, 139) £ Img_bgr
BGR is [169, 174, 173]

ILAB is [181, 127, 138]

8
|Left mouse button is clicked - position (123, 146)
BGR is [161, 167, 166]

LAB is [174, 127, 131]

9
lLeft mouse button is clicked - position (166, 151)

BGR is [166, 171, 170]

ILAB is [178, 127, 130]

10

|Left mouse button is clicked - position (140, 145) =
BGR is [162, 165, 163] y ~— — == = B
LAB is [172, 127, 129] e : s \

Figure 4.3 Debugging tool for image colors conversion and display

In this project, the debugging tool purpose to display the image colors conversion in order to
view the difference of the image between L- distribution, A-distribution and B-distribution. Next,
it is used to check the absolute difference of color intensity value for LAB color space. After that,
the parameter will be set in the system based on the absolute difference of the color intensity
value of the LAB color space. The reason of eliminating fixed difference threshold as
implemented in system is that the variance in fluctuating intensity values between light and dark
pixel is not identical. Light pixels can have greater fluctuation in its intensity values compared to
dark pixels.

For instance, the road surface pixels have an A-distribution around under shadow and from 125
to 126 without shadow. Therefore, the A-distribution is roughly the same under the object or not
under the object. On the other hand, the B -distribution are from 121 to 123 under shadow and
from 129 to 133 without shadow. Therefore, the B-distribution is not quite the same under the
object or not under the object. From the L distribution it can tell whether there is has shadow
from (82 to 90) or without shadow (from 172 to 181).
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4.2.3: Testing Result on Background Modelling by Code book Approach Based on Multiple
Code Words and Code Word Sharing

Set 1: (fall2.avi)

Testing Image # 757 Code Word Sharing

a2y

Multiple Code Word Single Codeword

- S —
BT Sy LI L e
o e
. ] Lo B

Figure 4.4 Output result by Code word Approach (set 1)
From the video above, we can see that the trees will be considered as foreground as it will

move when it is blowing by wind. However, those trees should be considered as background as it
is a dynamic background. It concludes that background model with single dominant codeword is
inefficient in countering dynamic background scene. Therefore, the primitive model is replaced
with the multiple dominant codewords model which efficiently reduced the occurrence of
foreground noises by considering multiple dominant codewords. The refined systems
successfully treat the moving trees as background with applied code word sharing model and the
multiple code words model. The results generated by the refined system are significantly
improved compared to the one generated by the primitive system. The false positives on
foreground detection are significantly reduced.
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Set 2 : (canoe.avi)

Original Image Code Word Sharing

Multiple Code Word Single Code word

L =,

Figure 4.5 Output result by Code word Approach (set 2)

Generally, it is normal for background scene to contain dynamic moving background
objects and for the detection system to falsely recognize it as the true moving foreground objects.
However, from the video above, we can see that the water ripple will be considered as dynamic
background and it is considered as true detection. This is because the parameter of color vector
and the number of threshold of codeword that have set is absolutely correct. Therefore, the false
positives on foreground detection are greatly reduced. Next, the primitive model is replaced with
the multiple dominant codewords model which efficiently reduced the occurrence of foreground
noises by considering multiple dominant codewords. The results generated by the refined model

are significantly improved compared to the one generated by the primitive model.
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Set 3: (fountain02.avi)

Original Image Code Word Sharing

Multiple Code Word Single Code word

Fiaure 4.6 Outpout result bv Code word Anproach (set 3)

From the video above, we can see that the water splashing will be considered as
foreground as it is move. However, that water splashing should be considered as background as
it is a dynamic background. It concludes that background model with single dominant codeword
is inefficient in countering dynamic background scene. Therefore, the primitive model is
replaced with the multiple dominant codewords model which efficiently reduced the occurrence
of foreground noises by considering multiple dominant codewords. The refined systems
successfully treat the water splashing as background with applied code word sharing model and
the multiple code words model. The results generated by the refined system are significantly
improved compared to the one generated by the primitive system. The false positives on
foreground detection are significantly reduced.
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4.2.4 Testing Result On Lighting Effect of Color Intensities

Set 1: (fall2.avi)

Background model Background model

Figure 4.7 Output result on Lighting Effect of Color Intensities (set 1)
The video clip has background that contains the waving trees, will change the light intensity
value which will lead to a lot of inaccurate classification and noise. The changes in light
intensity of the waving tree affect the foreground mask result thus produce some noise at the
background. As for observation, from the result, the LAB color space is more stable under the
lighting change instead of RGB color space. The false positives on foreground detection are

greatly reduced in LAB color space.
49
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Set 2 : (canoe.avi)

Background model Background model

Testing Image #960 Testing Image #960

RGB image LAB image

Figure 4.8 Output result on Lighting Effect of Color Intensities (set 2)
The video clip has background that contains the water ripples, will change the light intensity
value which will lead to a lot of inaccurate classification and noise. The changes in light
intensity of the water ripples affect the foreground mask result thus produce some noise at the
background. As for observation, from the result, the LAB color space is more stable under the
lighting change instead of RGB color space. The false positives on foreground detection are

greatly reduced in LAB color space.
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4.2.5 Testing Result on Enhancement of Foreground Mask Image

False-negative detection in foreground detection may increase because conditions that treat
pixels as foreground become more stringent than ever. The system compensates for the rate of
false negative detection and intersects with the effective suppression of foreground noise. From
the resulting generated, as shown in the last section, foreground mask contain erosion and
incomplete properties, and some may contain several fragments or broken pieces. Generally, to
refine the resulting bitmap, the system applies a morphological transformation, which is dilation
followed by erosion to extend the foreground components and join each of their fragments back
to a complete component. However, this method is only able to apply on small fragment. In

order to fill up the big broken pieces of foreground component, a flood fill method is chosen to
apply.

The flood fill is a method for determining the region connected to a given point or node and used
to fill the connected region with a different color. This method takes the most major three
parameters which is a start node, a target color, and a replacement color. This algorithm keeps on
checking for all nodes where the nodes that are connected to the start nodes likely with the target
color and then change into replacement color. Then, this method will be applied into foreground

mask in order to grow the broken piece of foreground back to a complete component.

Foreground mask with apply flood fill

Figure 4.9 Output result on Enhancement of Foreground Mask Image
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CHAPTER 5 EXPERIMENTAL RESULT AND ANALYSIS

5.1 INTRODUCTION

In this chapter, we are going to show a series of output generated by the improved system. The

improved system were run on a machine equipped with processor Intel Core i5-7200U with

clock speed 3.16 GHz, 4 GB of RAM, and Operating System of Windows 10.

In our training and testing phases, we had used different video data sets with different parameters

such as total numbers of frame, frame per seconds (FPS), and video length and so on. Besides,

some of these videos contain dynamic background. Below is the list of information regarding

video data sets we had used:

e Video Name: WavingTrees.avi

>

YV V VYV VY

Source: Provided by the lecturer Prof. Zen Chen
FPS: 30 frames/seconds

Length: 9 seconds

Video Size: 2.43MB

Frames size (width x height): 160 x120

e Video Name: parking.mp4

>

Y Vv

Y

Source: Provided by the lecturer Prof. Zen Chen

FPS: 30 frames/seconds
Length: 3 minutes & 7 seconds
Size: 3.54 MB

Frames size (width x height): 320 x 240
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e Video Name: highway.avi
» Source: CDNET 2014 Data set
» FPS: 30 frames
» Length: 56 seconds
> Video Size: 24.0MB
>

Frames size (width x height): 320 x 240

e Video Name: fauntain02.avi
> Source: CDNET 2014 Data set

» FPS: 25 frames/second
» Length: 59 seconds

» Video Size: 24.0 MB
>

Frames size (width x height): 432 x 288

e Video Name: fall2.avi
> Source: CDNET 2014 Data set

» FPS: 25 frames/second
» Length: 1 minute

> Video Size: 39.2 MB
>

Frames size (width x height): 480 x 320
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CHAPTER 5 EXPERIMENTAL RESULT AND ANALYSIS

5.2 Experimental results on CDNET 2014 Dynamic Background Data Set

Dynamic Background

Video Name

fall02.avi

training frame sequence :
1000-1500

testing frame sequence:
500- 900

Codeword coverage rate:
0.95

Detection param: 100,10,
10

FL param: 70,15,15

fountain02.avi

training frame sequence :1-
700

testing frame sequence:
701- 1251

codeword coverage rate:
0.95

detection param: 100,10,10
FL param: 70,15,15

Frame#500

Frame#751

Frame#751

Sample Result

Frame#700

i

Frame#700

Frame#1051

Frame#1051

Frame#900

Frame# 1251
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Dynamic Background

Video Name

Sample Result

WavingTrees.avi

training frame sequence :

1-180
testing frame sequence:
181- 280

codeword coverage rate:

0.95

detection param:
100,10,10

FL param:
70,15,15

Frame#181

Frame#181

Frame#251

Frame#251

e

Frame# 271

Frame# 271

Figure 5.0: Experimental results on CDNET 2014 Dynamic Background Data Set

Bachelor (Hons) of Computer Science

Faculty of Information, Communication and Technology (Perak Campus), UTAR

55
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5.3 Experimental results on CDNET 2014 Baseline Data Set

Baseline

Video Name

highway.avi

training frame sequence:
1-700

testing frame sequence:
701- 1501

codeword coverage rate:
0.9

Detection param:
100,10,10
FL param: 70,15,15

parking.mp4

training frame sequence :
1-2000

testing frame sequence:
2001- 4001

Frame#2601
codeword coverage rate:
0.9

Detection param:
100,10,10

FL param: 70,15,15
Frame#2601

Sample Result

v e

Frame#3001 Frame#3701

Figure 5.1: Experimental results on CDNET 2014 Baseline Data Set
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CHAPTER 6 CONCLUSION

As for the conclusion, in terms of foreground detection results and processing complexity, the
completed system version brings some improvements compared to the original system of the
previous project. For the test results, the completed system performed fairly well in detecting all
common foreground moving objects from a dynamic background scene containing non-static
background objects, with a lower false positive rate. As for system runtime performance, the
background training phase has a similar runtime as the original system, and because of the
deployment results enhancement tool, the test phase takes longer than the original system. In this
project, it has applied these techniques to completed systems to improve the quality and output of

the test results:
6.1 Highlight on any novelties and contributions the project has achieved

1) The background model is represented by codewords derived from the dominant quantized
colors.

2) An image preprocessing technique is employed in order to solve the lighting change
effect on the motion detection result by converting the RGB color space to the LAB color
space.

3) An image post-process technique is performed to enhance the foreground mask result by
filling up the broken moving objects for which the morphological operation finds hard to

cope.

6.2 Summary of the research problems that have been considered and solved
With these techniques applied to the completed system, several motion and visual issues that
could not be countered by the primitive system are now resolved:
e False detection on recognizing non-static background objects (waving tress and splashing
water) is greatly reduced and the static background object able to be detected clearly.
¢ Inconsistency of variation between changing light and dark pixels are resolved by
converting the RGB color space to the LAB color space.
e Foreground noises and broken pieces of foreground components are improved with

applied the flood fill method which the morphological operation finds hard to cope.
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CHAPTER 6 CONCLUSION

6.3 Future Works
Due to the limited conducting time on research, some viable solutions could not discover and
integrate them into the completed system. Therefore, the completed system is still susceptible to
the following vision and motion issues. Therefore, it can consider as future work that needed for
improvement.
e The shadow pixel from triple- value foreground need to be removed after flood filling
operation

e To further evaluate the system with different variety of the video datasets

e Continue to discover different possibilities of parameters and further fine tuning the

system preferences to seek for the optimal case for the system to perform the best.
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Moving Object Detection For Visual Surveillance System

‘ - R

Video motion detection is the process of detecting a change in
the position of an object relative to its surroundings in the
video stream. Background subtraction is a most commonly
used method to segment video streams into moving and
background components. However, we need to handle
problems such as lighting, shadows, dynamic background, and
noise problems. Therefore, we will proposed a method to deal

Technique Involved

* Replaced single dominant color background
model with multi-layered codebook
background mode

Applies L*a*b color extraction measure to
represent RGB color extraction

Background subtraction

Flood Fill method for foreground
enhancement

Analysis Result
Code word approach

Qith the problems. / System Design

Input video clip

Select ROI

Project Objective
Tointroduce an optimal solution for background model and
background subtraction

To overcome challenges related to background modeling such as I okt balckg:ound e ]

dynamic backgrounds, ilumination changes and so forth.

I Background subtractions |

Flood Fill method

I Foreground enhancement |

Toreduce noises in background subtraction and enhance the
oreground result..

.Background of study

Codebook algorithm is the method that used in the system.
Construct a background model with size of ROI frame
selected and initialize Codebook in every pixel in
background model. Read in all the training frame (with
reduce to ROI) by looping through every single pixel and
quantize its color value to store into a Codebook There are
many Codeword inside a Codebook, each of them is used to
store a color value and the quantity of that color. Continue
update the Codebook for every pixel when new training
frame is read in. After stop training phase, assign 95% of
dominant color (each dominant corresponding to a
codeword) to every pixel in background model to generate
the background. Reduce all testing frame to ROI frame. Read
in all the testing frame by looping through every single pixel
and check whether this pixel is belong to foreground or
background. If that pixel belongs to foreground, set it to
white color in foreground mask, if it belongs to background,
set it to black color. Using flood fill method to grow the broken
iece of foreground back to a complete component

Conclusion \

We successfully developed a console
application which can defect any moving
object in either sfatic background or
dynamic background. Inconsistency of
variation between changing light and dark
pixels are resolved by using LAB color
space. Foreground noises and broken pieces
of foreground components are improved
using flood fill transformation.

However, there are still some of the
problems that we can not solve are shadow

removal and the foreground detected is not
&njcely. /

Bachelor (Hons) of Computer Science

Testing Image # 757

Code Word Sharing

L 0

Single Codeword

4 .-2.

Color variation

RGB image
X

A ¢
:

St

LAB image

>

Foreground enhancement will apply flood fill method

Foreground mask withapply floodfill

A-1

Faculty of Information, Communication and Technology (Perak Campus), UTAR




APPENDIX
APPENDIX B TURNITIN RESULT

Final Year Project Raport 2

DREHALITY BERIRT

0. 2., 5 24

EIILARITY MDEX INTERMET BEDOURCES PLELCATIONE ETUDENT FAPERS

“ABRARY SOUACES

. Eyungnam Kim, Thanarat H. Chalidabhongse, 2
David Harwood, Larry Daviz. "Real-time %

foreground=background segmentation using
codebook model”, Real-Time Imaging, 2005

Plshi b Linin
H E-E-:.IJbr"l'I_IHEd to University of Bristol {1 -
n m_lifi[nnpancv.mm {1 o
Jianrong Cao, Xuemei Sun, Shusheng £Zhao, {1 o

Yameng Wang, Shulan Gong. "Algorithm of
moving object detection based on multifeatura
fusion”, 2017 |[EEE International Conference on
Information and Automation (ICIA), 2017

Pushibeiabion

E Zhang. Hong Ying, Homg Li, and ¥i Gang Sun. {1 -
"Cast Shadow Removal in a Real-Timea
Environment”, Applied Mechanics and
Materials, 2013.

Pushibeiabion

Bachelor (Hons) of Computer Science
Faculty of Information, Communication and Technology (Perak Campus), UTAR



APPENDIX

Universiti Tunku Abdul Rahman
Form Title : Supervisor’s Comments on Originality Report Generated by Turnitin
for Submission of Final Year Project Report (for Undergraduate Programmes)
Form Number: FM-IAD-005 | Rev No.: 0 | Effective Date: 01/10/2013 | Page No.: 1of 1

FACULTY OF INFORMATION AND COMMUNICATION TECHNOLOGY

Full Name(s) of
Candidate(s)

ID Number(s)
Programme / Course

Title of Final Year Project

Similarity Supervisor’s Comments

(Compulsory if parameters of originality exceeds
the limits approved by UTAR)

Overall similarity index: %

Similarity by source

Internet Sources: %
Publications: %
Student Papers: %

Number of individual sources listed of
more than 3% similarity:

Parameters of originality required and limits approved by UTAR are as follows:
(i) Owverall similarity index is 20% and below, and
(i) Matching of individual sources listed must be less than 3% each, and
(iii) Matching texts in continuous block must not exceed 8 words
Note: Parameters (i) — (ii) shall exclude quotes, bibliography and text matches which are less than 8

words.

Note Supervisor/Candidate(s) is/are required to provide softcopy of full set of the originality report to
Faculty/Institute

Based on the above results, | hereby declare that | am satisfied with the originality of the Final

Year Project Report submitted by my student(s) as named above.

Signature of Supervisor Signature of Co-Supervisor
Name: Name:
Date: Date:

Bachelor (Hons) of Computer Science
Faculty of Information, Communication and Technology (Perak Campus), UTAR



UT.R

UNIVERSITI TUNKU ABDUL RAHMAN

UNIVERSITI TUNKU ABDUL RAHMAN

FACULTY OF INFORMATION & COMMUNICATION TECHNOLOGY
(KAMPAR CAMPUS)

CHECKLIST FOR FYP2 THESIS SUBMISSION

Student Id

Student Name

Supervisor Name

TICK (V) DOCUMENT ITEMS
Your report must include all the items below. Put a tick on the left column after you have
checked your report with respect to the corresponding item.

Front Cover

Signed Report Status Declaration Form

Title Page

Signed form of the Declaration of Originality

Acknowledgement

Abstract

Table of Contents

List of Figures (if applicable)

List of Tables (if applicable)

List of Symbols (if applicable)

List of Abbreviations (if applicable)

Chapters / Content

Bibliography (or References)

All references in bibliography are cited in the thesis, especially in the chapter of literature
review

Appendices (if applicable)

Poster

Signed Turnitin Report (Plagiarism Check Result - Form Number: FM-1AD-005)

*Include this form (checklist) in the thesis (Bind together as the last page)

I, the author, have checked and confirmed all the Supervisor verification. Report with incorrect format
items listed in the table are included in my report. can get 5 mark (1 grade) reduction.

(Signature of Student) (Signature of Supervisor)

Date: Date:




