CHAPTER 1

Introduction

1.1 Background a

With the ubiquity of new 1 d 1 a, effective and friendly methods

embedded systems [1-3]. The rapidiy e ing research in face processing is based on
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the face images, and tIaf, comput of; dingly. In the last five years,
face and facial expression recogmtlon have attracted much attention though they have

been studied for ﬁxunﬂ ZUJy%ﬂ wasa;nﬂsﬂ;@i ﬂmzscientists, and engineers.

Many research dethonstrations and cg,mmermal ap lications have been developed from
these effoQ Wﬂfa\%ﬂtﬁ EH) N%q% W%}}@t% the locations of
face and fa(nal features such as eyes, nose, mouth, etc. The identification of face and
facial features also plays an important role in many other face applications such as video
surveillance, face tracking, and face recognition. From this reason, the detection method
should be able to handle various practical and artificial problems. A definition of face
detection is defined as follows: given an image, the target is to determine whether or

not there are any faces in the image and, if any, return the face location. In the case



of facial feature detection, the goal is to detect the presence and location of features
after the locations of faces are extracted using existing face detection methods. The
challenges associated with face and facial feature detection can be attributed to the

following factors [4]:

e Intensity. There are three typ

/Slty color, gray, and binary.

e Pose. The face ima, Ey ve camera-face pose (frontal, 45
degree, profile), an eye may become partially or

wholly occluded.

e Structural compo y ATfaturks s ch as beards, mustaches, and glasses

may or may not be ted ‘and .t s @ great deal of variability among these

e Facial expression. Tlie a it G depends on a person’s facial expres-
sion.
: V. R
e Occlusion. Facesma other objects such as hand, scarf,
etc.

e Image roa u ﬂcqnmeﬂ n‘j w EJ m‘jrotatlons
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affect ‘the appearance of a face when the image is formed.

e Poor quality. Image intensity in poor-quality images, for instance, blurry images,

distorted images, and images with noise, becomes unusual.

e Unnatural intensity. Cartoon faces (color cartoon and sketchy cartoon) and

rendered faces from 3D model have unnatural intensity.



Existing techniques aim to accurately detect facial features. However, they are not ap-
plicable to all images with any of the above factors or combinations. In addition, those
techniques are based on the usage of intensity information as input. Thus, the accuracy
of the algorithms depend upon intensity information. To overcome this limitation for

extending to any face images, the input should be obtained from the position and shape

information. In this dissertationk ‘ fgature detection algorithms are devel-

oped to handle a wide ran ges with above attributes, based

th&S 1
—
on neural network and imagé proeessing tec -out intensity information. The

4\ ace processing systems. Indi-

equate to be applied for face recognition.

proposed approach can be
vidual detected faces and fa¢ia
Moreover, the detected feafiires ¢an b separately reconstructed in three-dimensional

N

face reconstruction applicati

1.2 Objective

)

This dissertation prop v featfires (eyes, nose, and mouth)

without considering the p, pearanc DYy _ﬁmg neural networks and image

processing techniques. It ds.expected that the approach from the dissertation can be

applid to accurﬂlﬂ(&lcﬂhﬂﬁ%l @M ol
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In this dissertation, the proposed algorithms are based on multilayer perceptron net-
work, mathematical morphology, and the Radon transform. Among the various facial
features, eyes, nose and mouth are the most prominent features for face processing sys-
tem. Rectangular boundaries of the features are stored regardless of texture or intensity.

One constraint is that there is only one face in the image under consideration with black



background and fixed size (128 x 128 pixels). The inputs are numeric data obtained
from position and face shape information. The data are trained to attain the prede-
fined outputs. The performance of the proposed algorithms are measured by testing the
algorithms with some existing benchmarks such as ESSEX-face database [5], AR-face
database [6], and MIT-CMU database [69].

.

The proposed face and faci ddtéction. algori hms that are able to handle a

1.4 Contributions

wide range of variations i

as follows:

(1) Extract the edge of an i roin the iginal image using Canny edge detection
since the edge is rather indef eﬁ‘{‘gfn ,,: L4 )

(2) Generate mean face t £ ‘I_ d‘ e intensity of faces at same size in the

databases [5-7];

(3) Detect a face ,_ he region having the 1 miber of pixels corresponding
; = ‘
to mean face template aﬂ high
(4) Apply neural visual' model (NVM) to recognize and extract all possibilities of

facial feature locﬂrulﬁJ %mm.rﬁ w &I:l’aom tﬁ face characteristics and

the locations of fac1al features which are independent of the intensity information;
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(6) Extend to rotated face image using Radon transform; and

elevant regions;

(7) Analyze the proposed method by comparing detected faces and facial features,

detection rate, and the number of false positives with other existing techniques.



1.5 Dissertation Organization

The remainder of the dissertation is organized as follows. Chapter 2 presents existing re-
lated works. Chapter 3 describes the face detection algorithm. Chapter 4 presents facial

feature detection algorithms. Experimental results are shown in Chapter 5. Chapter 6

concludes the dissertation.
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