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ABSTRAK

PEMBANGUNAN ALGORITMA PENOLAKAN LATAR
BELAKANG UNTUK PENGENALPASTIAN MUKA
BIOMETRIK

W
Di dalam thesis ini, diperkenalkan satu kaedah baru yang lehi@k untuk
d

sistem automatik pengenalpastian muka. Persegmenan objek baru inamik
dalam satu imej boleh dicapai melalui teknik penolakan latar ang ataupun
persegmenan latar depan. Ini adalah suatu langkah awal kriti lam kebanyakan

aplikasi penglihatan komputer dalam domain seperti \ pengawasan dan
interaksi manusia-komputer, Q

Sistem yang dicadangkan mengandungi tiga la{ Dalam tahap yang pertama,
penolakan latar belakang digunakan untuk mefidngani masalah perubahan penca-
hayaan, bayang-bayang, pantulan, persa arna latar depan dengan warna latar
belakang dan latar belakang dinamik & paparan video aktif ataupun gerakan
pohon ditiup angin). Satu kaedah dangkan untuk memodel latar belakang
yang berasaskan setiap pixel, mudah suai masa dan menggunakan gabungan
Gaussian dalam kombinasi pixel’jitan and warna tak varian. Kombinasi in secara
sendirinya adalah baru. ]?éklel hap kedua, pengurangan ralat dalam imej untuk

meningkatkan kejituan ankan dengan munggunakan penapisan morfologi
yang menghasilkan satu imej dwi-warna. Di dalam tahap ketiga pula, satu teknik
yang baru untuk noari posisi kepala di dalam imej dan mengekstraknya untuk

pengesanan darﬁenalpasﬁan.

N,

Pengujianf}gorithma dalam keadaan pencahayaan and persekitaran berbeza telah
dijal > Keputusan eksperimen menunjukkan bahawa kaedah yang digunakan
pbnyai ketahanan tinggi terhadap masalah-masalah yang dibangkitkan oleh
lidik terdahulu tanpa mengorbankan prestasi masa-nyata yakni menjadikan-

nya sesuai untuk banyak rangkaian aplikasi video yang memerlukan pengesanan
dan pengenalpastian.

Hasil eksperimen pada aplikasi masa sebenar menunjukkan kekuatan, keterper-
cayaan dan kecekapan pada pendekatan yang diusulkan; hasil eksperimen ini dapat
mencari dan mengekstrak muka manusia dalam 98% daripada eksperimen, dengan
kemampuan untuk mencari muka untuk pelbagai kelamin, warna kulit dan pemaka-
ian kepala. Algoritma yang diusulkan dapat menghasilkan 30 hingga 35 FPS dalam

saiz citra 320 x 340 pixel, di mana ianya lebih baik daripada aplikasi masa sebenar
yang lain.
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ABSTRACT

DEVELOPMENT OF BACKGROUND SUBTRACTION
ALGORITHM FOR BIOMETRIC IDENTIFICATION

This thesis presents an improved approach for an automatic face detection
system. Segmentation of novel or dynamic objects in a scene can I’%ﬂu‘eve&’
using background subtraction or foreground segmentation. This is cal early
step in most computer vision applications in domains such a@eilkmce and
human-computer interaction, (JO

The proposed system consists of three parts. In rb\ﬁr.w part, the use of
background subtraction algorithm to deal with the prablem of lighting changes,
shadows and repetitive motions. All previous '{@:enmrions fail to handle
properly one or more common phenomena, suchyus global illumination changes,
shadows, inter-reflections, similarity of fadeground color to background and
non-static backgrounds (e.g. active vi splays or trees waving in the wind).
The proposed method is a backgrou odel that uses per-pixel, time-adaptive
and Gaussian mixtures in the combigréd input space of pixel neighborhood and
luminance invariant color. This ination in itself is novel. In the second part,
another technique known a@erphotogical erosion and dilation operators are
used to remove the noise iin\the resulting binary image to improve the accuracy.
The third part is accomplished by using a new technique to locate the face position
in the image and e:zr&:%: Jor recognition and identification purposes.

The afgw‘i@ has been tested in several different lighting conditions and
environme \The experimental results show that the method possesses much
grear;gcﬁrmess to problematic phenomena than the prior state of the art
meth without sacrificing real-time performance, making it well-suited for a

- ange of practical applications in video events which requiring detection in
real-time.

The experimental results in real time applications show the robustness, reliability
and efficiency in the proposed approach; they can accurately detect and extract
human face 98% of the time, with the ability to detect the face of different types of
people gender, skin color and head attire. The proposed algorithm can be executed
at 30 to 35 FPS for an image size of 320 x 240 pixel, which is much better when
compared with any other real time applications.
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Chapter 1

Introduction

X
)
N
N
1.1 Overview \
&

Biometrics consist of automated methods ¢ gnizing a person based on a physio-

logical or behavioral characteristic. gq“t features measured are face recognition,

finger-print, hand geometry, handu@\‘%, irises and voice patterns. Biometric technolo-
gies are becoming the foundaéneof an extensive array of highly secure identification
and personal veriﬁcaﬁoggﬁtions. As the level of security breaches and transaction
fraud increases, the for highly secure identification and personal verification tech-
nologies is 1 g apparent,
<&
B@mﬂrm based solutions are able to provide for confidential financial transactions
a/hd personal data privacy. The need for biometrics can be found in federal, state and
<(Dlocml governments, in the military and in commercial applications. Bnterpnse—wide net-
work security infrastructures, government IDs, secure electronic banking, investing and
other financial transactions, retail sales, law enforcement and health, social services are
already benefiting from these technologies.

Face recognition for biometric identification is a fairly young technology compared
to other biometrics. Research in this field has been going on for decades, but it has been




in the last 10 to 15 years that the greatest advances have taken place.

Biometric devices for face recognition consist of,

e A sensor or camera device,

e Software that converts the image information into digital form and extracting
biometric data.

o A database that stores the biometric data for comparison.

\Qo

Generally speaking, face recognition works by first obtai an image of a person.
This process is usually accomplished by a video er(ﬁ?a certain resolution and at
a certain number of frames per second. Higher quek@cameras will of course produce
more accurate results. Then a computer soft{ngxmlyms certain features of that im-
age through different techniques, or a co@glﬁcm of techniques. Finally, verifying that
person’s identity is accomplished tching those features to other images stored in
a database. The analysis ver the years has moved away from using a simple
geometry of key facial pgs&a the use of more complex mathematical techniques.

Q&

The four Eg’ﬂiomemc face recognition methods that are currently being used
are exgen@ feature analysis, neural network and automatic face processing. Eigen-
facen@ tool developed by MIT that extracts characteristics through the use of a two-
dimensional gray-scale imagery. Feature analysis or sometimes referred to as Local

eature Analysis (LFA), is the most widely used technique because of its ability to ac-
commodate for facial changes and aspect. LFA uses an algorithm to create a face print
(84 bytes in size) for comparison. Neural network is a method that extracts features
from the face and creates a template of contrasting elements that is then matched to
a template in a database. Some researchers think that the neural network technology
is the next step in face recognition. Automatic Face Processing (AFP) is a technique
that looks for distances and distance ratios between certain facial features. But all these




device
Image processing
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Figure 1.1: Biometric identi ﬁc@ased on face recognition.

methods require the face to be scpa@ from the rest of the captured image. This
process is called face detection a@urms the basis of this research work.

&O
S
Q

Face deteé;i’é'! plays an important role in today’s world. They have many real world

1.2 Scope

appﬁcg@\ike human-computer interface, surveillance, authentication and video in-
dc@. However research in this field is still young. Face recognition depends heavily
on the particular choice of features used by the classifier. One usually starts with a
given set of features and then attempts to derive an optimal subset (under some cri-
teria) of features leading to a high classification performance with the expectation that

a similar performance can also be attained on future trials using novel (unseen) test data.

Face recognition can be divided into several phases. It includes,

e Creating drivers for the device that link the application with the captured image.

3




o Image processing based on several techniques including face detection algorithm

which detects the face from the image and feature extraction.

¢ A decision making algorithm that compares the extracted geometric features with

existing ones in a database.

The scope of this thesis is thus limited to the detection of a face in an image. This

will help to complete the first step towards an interactive face recognition system.
QY
*{\Qo

An interactive face recognition system can benefit the a%& law enforcement,

1.3 Motivation

airport security, access control, driver’s license and passpp@omeland Defense, Cus-
N\
toms and Immigration and scene analysis. The follo(i%}magraphs briefly describes

each of these areas. *O
hO)

i

e Law Enforcement - Today’s Ia@gnforcement agencies are looking for innovative
technologies to help thcnké} one step ahead of the world's ever-advancing ter-
rorists. Biometric iﬂ&g)t&aﬁon can help the effect.

. o &@
® All‘POI‘L\ hl"lty - The interactive face recognition system can enhance security
cffoﬁ%ercady underway at most airports and other major transportation hubs

ports, train stations, etc.). This includes the identification of known individ-

ual persons before they get onto an airplane or into a secure location.

e Access Control - Biometric identification can enhance security efforts consid-
erably. Biometric identification ensures that a person is who they claim to be,

eliminating any worry of someone using illicitly obtained keys or access cards.




e Driver's License and Passports - A reliable identification device can leverage the

existing identification infrastructure. This includes, using existing photo databases
and the existing enrollment technology (e.g. cameras and capture stations) and in-

tegrating with terrorist watch lists, including regional, national and international

most wanted databases.

Homeland Defense - The interactive face recognition device can help in the war

on terrorism, enhancing security efforts. This includes scanning ‘p&g‘@gem at
. ‘ S N :
ports of entry integrating with CCTV cameras for out-of-the- ary surveil-

lance of buildings and facilities and more. O.Q

O
>

N

O

Customs and Immigration - New laws require a %ed submission of passenger
from planes and ships arriving from abroad&uus should enable the system to as-
sist in identification of individuals whg'should, and should not be there.

x <

C

x &

Scene Analysis - This cQQe defined as the act of examining images for the
purpose of idcntifyil\ggjects and judging their significance; by studying the
remotely sensed@a and attempting through logical process in detecting, iden-
tifying, ciﬁsﬁﬁﬁ'ing. measuring and evaluating the significance of physical and

culg@jccls. their patterns and spatial relationship.

©

It is clear that an interactive face recognition device is essential for various security
reasons. Its development can be used as a test-bed for embedded face recognition re-
search. As such, it contributes toward building a general infrastructure for research into

embedded vision, further benefiting society.
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1.4 Problem Statement

The applications and the difficulty of face detection makes it an interesting prob-
lem. In terms of applications, face detection is quite important for face recognition.
Hence, it becomes the most important step for a biometric identification system. So
far, researchers have focused on the face recognition problem in which the task of auto-
matically finding faces in an arbitrary background is usually avoided by g.i@g'\manual
segmentation of the input image, or by capturing faces against a know;)énifom back-

ground. Face detection also has potential applications in human ce@u er interface and

surveillance systems. /&
\Qo

Face detection is difficult due to three main Qns First, there is a large com-
ponent of non-rigidity and textural differen ?ang faces. Facial appearance differs
from face to face. Second, face detecli@s also made difficult because of additional
features, such as glasses or a mous@le. which can either be present or totally absent
from a face. All these additiopa\features increase the variability of face patterns that a
face detection system sho’u@handle. Third, the presence of unpredictable imaging con-
ditions in an unconsgsaiied environment increases the difficulty of the task. A change
in light source @_;lhbutlon can cause a significant change in the appearance of the face

image. M@se things should be taken into consideration when designing a face de-

tecno@stcm.

Face detection is a critical first step in any automatic biometric identification system.
Although research on face recognition started very early, there was not much attention
to the face detection problem until recently, especially for face images with cluttered
background. Over the last ten years, more attention has been given to the face detection

problem and there is a large increase in the number and variety of methods attributed to

face detection.




I

The goal of this thesis is to present an alternative method to increase the efficiency of
face detection with high accuracy and high frame rate in a 2D color image of a real-time

biometric identification system.,

1.5 Objective

The research objective can be itemized as follows, \Q\,
_ o0,
e Investigate current background subtraction techniques to undersl* the limita-

tions of these methods. (JO

AN

e Explore a new technique for face detection to be uso@ biometric identification

system. N\
O\

e Study camera sensor behavior to ideng)@\}\infonnalion that can be used in the

development of the algorithm. \'Q/

@)
¢ Formulate the proposed alggtﬁﬁ in a suitable format to run in real time.

\\
¢ Use a high level nggﬂﬁng language to test, validate and benchmark the per-
N\

formance of the sed algorithm,
x<
1.6 R@rch Methodology

Ing section, a general methodology adopted in this research is provided. Details
of the approaches are given in chapters 3, 4 and 5. The motivation in developing a new
background subtraction algorithm is to overcome the problems and the disadvantages
of the existing algorithms. The new approach also leads to many image processing ap-

plications such as shape detection. In general, this research can be divided into three

stages.




In the first stage, the theoretical analysis has been done to the biometric face de-
tection techniques in the existing applications; all the mathematical relations in the

algorithms and their performance are developed and discussed.

In the second stage, after the completion of all the mathematical models, an ap-
plication has been implemented to study the performance of the developed algorithm.
Microsoft Visual Studio version 6.0 have been used to accomplish this work. Optimiza-
tion is needed at this stage to get the best combination of codes that are s@ﬂe for
applications to run in real time. The software is important since it no aly@onsiders

all practical factors (although numerically), which may be too exlﬁ@e to be consid-
ered in the theoretical development. \("

D
N

In the final stage of this research work, the exper's.ﬁn\?g setup and result for the im-
plemented algorithm is performed. Compariso@)\wecn the developed algorithm and
the existing algorithms are then made. periments were carried out in different
illumination conditions in indoor an&/ﬁmdoor environments with dynamic and static

backgrounds. KO

.\c,Q

<

K7 Expegté% Research Output

Tl@% contribution of this thesis will be the implementation of an alternative
fast background subtraction algorithm that is robust against shading and shadows for
a 2D color image input video sequence. This algorithm enables the estimation of the

background reference image that is accurate, robust and reliable for a biometric identi-

fication system.

The designed application will be developed using an advance scale programming

language like Visual Basic Studio 6.0 to achieve accurate and fast results. This applica-




tion and its functionality will be tested and validated. The application should run under
the standard Windows operating system environment on a normal PC or laptop at a very

good speed. This will be the second contribution.

1.8 Thesis Outline

The organization of this thesis largely follows the order in which the work was
done. The aim and objective of the thesis is presented in this chapter. Chapter 2teviews
the literature available relating to background subtraction and describe {0@9 existing
applications that have been developed using some of the most populQ\&chniques and
they are critically analyzed. In addition, some performance ev{&uoon is introduced to
clarify how these methods are quantified amongst the diﬁq@t approaches using the
most commonly used benchmarks. Chapter 3 presentst \roposed algorithm to solve
the problem of face detection that is crucial for bj%metric identification. An algorithm
for the detection and localization of the faceé,presented in detail. Indoor and outdoor
experimental results and their ana]ysiségf)rescmed in chapter 4. The implemented
system software and hardware is &nepresemed in detailed. The performance of the
algorithm is benchmarked anddompared with existing applications. This report ends
with the conclusion in QBP\;?r 5 together with some future directions for this work.

! {&Q/
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