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ABSTRACT

FACE DETECTION IN COLOR IMAGES
By
Swarup Roy Chowdhury

Face recognition has received substantial attention from researchers in
biometrics, computer vision, pattern recognition, and cognitive psychology
communities because of the increased attention being devoted to security, man-
machine communication, content-based image retrieval, and image/video coding.
Three major tasks involved in face recognition systems are: (i) face detection, (ii)
face modeling, and (iii) face matching. So Face Detection is an essential step in
face recognition.

We have developed a face detection algorithm for color images that can detect
faces with different sizes and various poses from both indoor and outdoor
scenes. The goal of this dissertation is to detect all regions that may contain
faces while maintaining a low false positive output rate. We first develop a skin
color detector based on color analysis and the fuzzy set theory, whose
performance is much better than the existing skin region detectors. We also
develop a hair color detector, which makes possible the use of the hair part as
well as the skin part in face detection. We design multiple head-shape models to
cope with the variation of the head pose. We propose a fuzzy set theory based
pattern-matching technique, and use it to detect face candidates by finding out
patterns similar to the prebuilt head-shape models from the extracted skin and
nair regions. I -

The utility of the proposed method is determination of faces at a fashter rate, and
accurately. The multiple head pose models allow it to detect faceé of various
poses. This method is not affected by locai changes in a face and hence the

method is not sensitive to change in facial exfpression and the resuits are good.
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1 Introduction

In recent years face recognition has received substantial attention from
researchers in biometrics, pattemn recognition, and computer vision communities
(see surveys in [19], [20], {21]). This common interest among researchers.
working in diverse fields is motivated by our remarkable ability to recognize
people (although in case of certain rare brain disability, e.g., prosopagnosia or
face blindness {22], this recognition ability is lost) and the fact that human activity
IS a primary concern both in everyday life and in cyberspace. Besides, there are
a large number of commercial, security, and forensic applications requiring the
use of face recognition technology. These applications (see Fig. 1.1) include
automated video surveillance (e.g., super bowl face scans and airport security
checkpoints), access control (e.g., to personal computers and private buildings),
mugshot identification (e.g., for issuing driver licenses), design of human
computer interface (HCl) (e.g., classifying the activity of a wvehicle driver),
multimedia communication (e.g., generation of synthetic faces), and content-
based image database management [23]. These applications involve locating,
tracking, and recognizing a single (or muitiple) human subject(s) or face(s).

Face recognition applications in fact involve several important steps, such as
face detection for locating human faces, face tracking for following moving
subjects, face modeling for representing human faces, face coding/compressicn
for efficiently archiving and transmitting faces, and face matching for comparing
represented faces and identifying a query subject. Face detection is usually an
important first step. Detecting faces can be viewed as a two-class (?ace VS, Non-
taee) classification problem, while recegnizing faces can be regardec as a

multiple-class (multiple subjects) classification problem within the face class.



Face detection involves certain aspects of face recognition mechanism. while
face recognition employs the resuits of face detection.

We can consider face detection and recognition as the first and the second
stages in a sequential classification system. The crucial issue here is to
determine an appropriate feature space to represent a human face in such a
Classification system. We believe that 3 seamless combination of face detection,
face modeling, and recognition algorithms has the potential of achieving high

performance for face identification applications.

1.1 Challenges in Face Recognition

The human face has been considered as the most informative organ for
communication in our social lives [24]. Automatically recognizing faces by
machines can facilitate a wide variety of forensic and security applications. The
representation of human faces for recognition can vary from a 2D image to a 3D
surface. Different representations resuit in different recognition approaches.
Extensive reviews of apprbaches to face recognition were published in 1995 [20],
1998 [25], and in 2000 [21]. A workshop on face processing in 1985 [26]
presented studies of face recognition mainly from the viewpoint of cognitive
psychology. Studies of feature-based face recognition, computer caricatures, and
the use of face surfaces in simulation and animation were summarized in 1992
[24]. In 1997, Uwechue et 3. [27] gave details of face recognition based on high
order neural networks using 2D face patterns. in 1998, lectures on face
recognition using 2D face patterns were presented from theory to applications
[19]. In 1999, Hallinan et al. [28] described face recognition -using both the
statistical models for 2D face patterns and the 3D face surfaces. In 2000, Gong
et al. [29] emphasized the statistical learning methods in holistic recognition

approaches and discussed face recognition from the viewpoint of dynamic vision.



1.2 Challenges in Face Detection

As face detection involves certain aspects of face recognition mechanism. while
face recognition employs the resuits of face detection so face detection from
images is a key problem in human computer interaction studies and in pattern
recognition researches. Many studies on automatic face detection have been
reported recently. Most of them concentrate on quasifrontal view faces (S]-[7].
This is because the prior knowledge of the geometric relation with regard to the
facial topology of frontal view faces can help the detection of facial features and it
also makes the face modeling with a generic pattern possible. However, the
quasi-frontal view assumption limits the kind of faces that can be processed.
A representative paradigm detects faces with two steps :-

1) Locating the face region (4], [9], [6], or assuming that the location of the

face part is known [3], [5], [6], [7].
2) Detecting the facial features in the face region based on edge detection.
image segmentation, and template matching or active contour techniques,

One disadvantage of step 1 is that the face location algorithm may not be
powerful enough to find out all possible face regions while malntalmng the false
positive rates to be low. Another disadvantage is that the facial-feature-based
approaches rely on the performance of feature detectors. For small faces or low
quality images, the proposed feature detectors are not likely to perform well.
Another paradigm is the visual learning or neural network approach [8], [10], [16],
[11], [14]. Although the performance reported is quite good, and some of them
can detect non-frontal faces, approaches in this paradigm are extremely
computationally expensive. A relatively traditional approach of face detection is
template matching and its derivations (193], [12], [13]. Some of them can detect
non-frontal faces. This approach uses a small image or a simple pattern that
represents the average face as the face model. It does Not perform well for

cluttered scenes. Face detection based on deformable shape models was also re
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respectively. In these
to describe the cojor
stableness. They used the two models

models, they used 3 perceptually uniform color space

Information to increase the accuracy and

to extract the skin color "

2.1 Detecting skin regions and hair regions

2.1.1 Perceptuaily uniform color sSpace

The terms “skin coior and “hair color” is subjective human cOncepts. Because of

d be similar
€yes to obtain a stable output similar

this, the color representation shoul {o the color sensitivity of human

to the one given Dy the human visuai
system. Such a color representation is cajled

system or UCS. Many researchers have propo
CIE’s (Commission

the perceptually uniform color
Sed conversion methods from

Internationale de 'Eclarirage) XYZ color system to UCS.

Among them, the L*u*v*, and L*a*b*
Wyszecki. Although

color representations Were proposed by G.

they are simple and easy to use, both of them are just rough
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approximations of UCS. The psychologist Farmsworth proposed a better UucsS
through psychophysical experiments in 1957 [2].
First RGB color information in images is converted to CIE’s XYZ color system :-

X =0619R+0.177G+02048 [ __ X
1V =0299R+0.586G+0.1158 | X+Y+Z 2.1)

where Y carries the luminance information. and (X, y) describes the chromaticity.
Then we convert the chromaticity (x, y) to the Famsworth’s UCS with a3 non-linear

transformation. The resuit of this conversion is represented by a tuple value (uy, vy

). The values of (uf, v¢ ) of all visible colors are in the range of :-
Us =~ [01 91]
vi -> [0, 139] (2.2)

2.1.2 Skin color distribution model

In conventional methods, all visible colors are divided into two groups: One is the
"skin color” and the other is not. They assigned a value within [0.0, 1.0] to each
point in the color space to indicate how much a visible color looks like the skin
color. They called this value as skin color likeness, and used a table to describe
the skin color likeness of all visible colors. They call it as “Skin Color Distribution
Model”, or simply SCDM. The SCDM is a fuzzy set of skin color. They used a
large image set containing faces to investigate the distribution of color of the
human skin region in order to build the SCDM. Fig.2.1(a) shows a sample image.
The procedure to build the SCOM is as follows :-

1) Manually select skin regions in each image (See Fig.2.1(b;). ’

2} Prepare a table of 92 x 140 entries tn record the 2-dimensional chromatic

histogram of skin regions, and initialize all the entries with zero.
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2.1.4 Skin color detector and hair color detector

They used SCDM and HCDM to extract the skin color region and the hair color
region respectively as follows. The resuits are the skin/hair color likeness of each
pixel in the input image. They call them as Skin Color Similarity Map (or SCSM)
and Hair Color Similarity Map (or HCSM).

- SCSM =SCS(p)=SCDM ( (P)v (p))
HCSM = HCS(p) = HCDM (Y(p),u (p),v (p)) 24

where Y (p), and (us (p), v (p)) are the luminance and chromaticity of pixel p in

the input image, SCS(p) and HCS(p) are the skin color likeness and the hair
color likeness of pixel p, respectively.

2.2 Head-shape model

In this paper the authors ignored the detail of facial features and considered the
face as a pattern composed of a skin part and a hair part. They abstract the
appearance of faces in images into 5 kinds of pattern:- frontal view, left side view.
right side view, left diagonal view. and nght diagonal view. Accordingly they
made five head-shape models. Each head-shape model is a two dimensional

pattern consisting of m x n square cells.

They assign two properties to each cell - The skin proportion Me and the hair

proportion My, which indicate the ratios of the skin area or oﬂth_e hair area within

the cell to the area of the cell.
They built the head-shape models with the following procedure :- |
1) Collect images containing frontal faces, and the faces rotated to the left (and

to the right) by 15, 30, 45, 60, 75, and 90 degree.

- Q.
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theory to estimate the degree of similarity between the Square regions in images

and the cells in head-shape models.

2.3.1  Proportions of skin and hair color area

To compute the proportion of the area of the skin {(or hair) color part in a square
image region, they first calculated the average skin hair color similarity ag (or the

average hair color similarity ap,) in the square region :-

“ > SCS (p)

as — peregfan_nz L
| S HCS (p) (2.5)
Ha.h __ PE-regwnn 2

where n is the size of the square region in pixels.

They defined two fuzzy sets Rs and Ry : Rg (or Ry) is the fuzzy set of Ag 3 ag (or

An 3 ap), which is defined by a fuzzy membership function HWAg (or pAY) :-

Ay RTOI or o R >0 g

Rs (or Ry) is used to describe the refationship between the average skin (or hair)

color similarity ag (or an) and the proportion of the skin (or hair) color part in a

Square regton of the input image. Two S type standard functions were used to

represent uAs and uAy. An S type standard function is def ned by the following

equation :-

- 11 -
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0 x<a
2(x—a)” ax< (a+b)
(b-a)’ 2
S(x;a,b) =+ , (2.7)
1__Z(x——b) (a+b)(.:c<_ib
(b-a)’ 2
| b{x

where 0 <a<1,0<bc« 1 and a < b. The parameters ‘a’ and ‘b’ control the
shape of the function (See Fig.2.3). When ‘a’ is close to ‘b. the function will
behave like a step function. If ‘a’ is set to a big value, the output of the function
will decrease, and if ‘b’ is set to a small value, the output will increase.

1.0

0.5

2

0 a (a+di2 b 14

Figure 2.3 : The S type standard function

The values of (a, b) were chosen to be (0.0, 0.6) for yAg , and (0.0, 0.75) for uAy.

These were determined through experiments so that the proportiqns_ of the skin

color area and of the hair coior area given by the functions become similar to the

one given by human viewers. Thus, the skin color proportion (Rg) and hair color

proportion (Ry) can be estimated by the following equations :-
” R =pu (a)=S(a ;0.0,0.6)

J B . - . 2.8
R, =u, (a)=5(a,:0.0075) (2.8)

o



2.3.2 Fuzzy pattern matching based on two-term fuzzy
relation

To estimate the similarity between a square region in the input image and a cell

in a headshape model, a method was used to compare the properties of the

square region in the image (Rg and Ry) and the properties of the cell in a head-
shape model (Mg and My). In the fuzzy set theory, the degree of similarity

between two sets of real number x; and x; is described by two-term fuzzy

relation. It can be expressed by :-

b
X -X
:

AE (x,,x,) =" 29)

where a > 0, and b > 0. The parameters a and b control the shape of the function
(See Fig. 2.4).

b
Figure 2.4 : The shape of the function e ~ **

To estimate the similarity between (Rg, Ry) and (Mg, Mp), they defined the

distance between them as the foilowing :-

(RLR)~(M .M )= /(R -M ) +(R_-M ) (2.10)

Thus, the degree of similarity between square regions in the lmage and the cells

in the headshape model can be calculated with the following eqﬁation, according
to (2.9).

213 .



AE(R M )= Fs-010,)f
S.H ~F.H

match (square ,cell) = ﬂ
“(R,-M ) ~(R, M, }2 058

(2.11)

They defined the matching degree between a rectangular part in the image and a
head-shape model as the sum of the degree of similarity between all cells in the
model and the corresponding square regions in the image rectangle :-

Zmatch(square, cell)
Match(rect,model) = =2

— (2.12)

where m and n are the number of rows and columns of cells in a head- shape
modei.

To detect faces with different sizes and various poses, they compared ali
rectangular regions of the given size with the head-shape models. Each
rectangular region is divided into m x n square sub-regions, each of them corres-
ponding to a céll in the head-shape model. In this research, they let the size of
the square sub-region vary from one pixel to N pixels, where

The height of image

N =
The number of cells in a column of the head shape model

(2.13)

Therefore, there will be muitiple matching degrees at the same position in an
image. Each of them describes the matching degree of a rectangular region of a
particular size. They selected the one with the highest matching degree as the
matching degree at the position and build a matrix to record the matching degree
at all positions in an image. They called this matrix as map of maitching degree,
or simply MMD. It also carries the information about the size of the rectangle
reglon and the kind of the head-shape model giving that matching degree.

They let a and b in (11) vary from 0.1 to 10. and use them to Estlmate the MMDs
for various images. Then they selected a = 0.5 and b = 1 that give the best
MMDs. The “best” here means that the MMD shows high values in the face

regions and low values in the none-face regions.

-14 -
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2.4 Drawbacks of the method

1) This method used Farnsworth Uniform Color Space. RGB color information of

a pixel was converted to Famsworth’s UCS. The resuit of this conversion is
represented by a tuple value (us v). The authors claimed that vaiues of (us vs) of
all visible colors are in the range of :-

u -> [0, 91]

v > [0, 139]
We in our work found out that there are some RGB values whose Us is not within

the above-defined range. So this method failed to convert all the color
information to Farnsworth’s UCS.

2) Occlusion :- If a face is largely occluded. the cells in head-shape models
corresponding to the occluded part of the face will give low output, thus the total
matching degree may not be high enough to fet the face be detected.

3) Adjacent faces :- If two or more faces are too ciose, the skin parts or hair
parts of them may be merged together. The shape of the resulting skin-hair
pattern may be very different from the one for a single face.

4) Hairstyle :- Faces with special hairstyles, such as skinhead, or wearing a hat,
may fail to be detected. This is because the shape of the skin-hair pattern of such

a face in the image may become quite different from our head-shape model.

[
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3 Proposed Method for Face Detection

In our work, we implemented the existing method (Method-2) for face detection
as explained in section 2, and tried to find out the problems with that method and
Improve that method. We tested the method on a database of images.

3.1 Problems with Farnsworth UCS

The term skin color and hair color are subject to human concepts. So color
représentation should be similar to the color sensitivity of human eyes to obtain a
stable output similar to the one given by human visual system. Such a color
representation is calied the perceptually uniform color system or UCS. The

authors in Method-2 claimed that valyes of (ur, v¢) of all visible colors are in the
range of :-

ur -> [0, 91]

vi -> [0, 139] (3.1)

We in our work found that there are some RGB values whose uf is not within the
above-mentioned range. For example the pixel naving RGB vaiue as (28,0,0)
gives the value of Us tO0 be 104. There are several other RGB values, the Ur value

of which exceeds the above-defined range.

- 17 -
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The authors in Method-2 prepared skin color distribution mode! and hair color
distribution mode!, which are tables of size 92 x 140 and 92 x 140 x 256

respectively. As the value of u; exceed 92, so we increased the size of the

models to 110 x 140 and 110 x140 x 256 respectively. This is ne doubt a
drawback of Method-2. which we removed in our work.

3.2 Method for finding Head Shape Model

In Method-2 the authors did not mention the method for finding the skin
proportion Mr and the hair proportion My, in each cell of an head shape model.
We in our work devised a method for finding Me and M.
First of all we selected rectangular face region, the skin part, and the hair part in
it, then divide it into m x n Square cells. Then we identified the cells in the image,
which are completely skin (or hair) celis. We named the pixels of all those
identified cells as :-

X1y X2y i X, for hair cells

Y1, Yo, oo Yhn, for skin cells
Then we determined Mr and Mu by the following equation for those cells, which

1 [ n ( -g? ?1)) m ( -d:(p,y‘))}
— E 1 — i + E /

where, p is the pixel value of the concerned pixel.

- 18 -



3.3 Modification of S-function

The authors in Method-2 defined two fuzzy sets Rg and Ry -

luzzy set of As 3 ag (or Ay > ah),
function pAg (or HAY) :-

RS (Oor RH) is the
which is defined by a fuzzy membership

A4 R>1005 or  u iR —spog

In (or hair) color part in
a square region of the Input image. Two S type standard functions were used to

'épresent uAg and pAy,. An S type standard function is defined by the following

equation :-
[ 0 x<a
b s
S(xab)y=y 074 (3.4)
| 2(x - b) (a+b)(x£b
(b—a)’ 2
] b{x

where 0 < 3 < 1,0<b <1 and a < b. The parameters ‘a’
shape of the function.

We, in our work
result than Method

and ‘b’ control the

introduced a generalized S-function [30],

which gave better
-2. The generalized S type function is defi

ned by the following
equation :- |
2;‘/,7* c
Si(X) = 0<x< <
%)= 7° =
2k“/c—.r\
= 1-— : CL<x<c 3.5
) A (3:3)

- 19.



R

R I

For k = 2, Equation (3.5) reduces to that of Equation (3.4). Equation (3.5) can

therefore be viewed as a generalization of Zadeh's S function.
In this work we chose ‘¢’ to be 0.6 for MAs, and 0.75 for uAn. These were

determined through experiments so that the proportions of the skin color area

and of the hair color area given by the functions become similar to the one given
by human viewers. We applied Sk(x) on several input images for the above-

mentioned value of ¢ and for different values of k. We found that for k = 2.5 it
gives better result.

3.4 Modification of distance function

properties of the square region in the image (Rs and Ry) and the properties of

the cell in a head-shape model (Mr and Mu). In the fuzzy set theory, the degree

of similarity between square regions in the image and the cells in the headshape
model can be calculated with the following equation,

~al(r b P+ M PI

match(square, cell) = € (3.6)

We introduced a new distance function defined as :-

d
(il .
€ - &
match(square, cell) = ] - e—a- N (3.7)
where,
| j P
d:(\(RS—;‘I/[F}a-(RH—MH)Z)O,__ (3.8)
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The distance function (equation
a’ and ‘b’ and
used (equation 3.7), consist
advantageous than Method-2.

3.6) used in Method-

of only one parameter.

“21.



4 Expeﬁments and Results

100 different people of a single community. We considered faces of both men
and women while building SCDM and HCDM.

We used s'even image sequences (five men and two women) to build the head-
shape models.

fiuorescent light, and under the mixed illumination of fluorescent light and
sunlight, as well as outdoor scenes. The face size varied from 20 x 24 pixels to
200 x 240 pixels. The experimental results are summanzed in Table 4.1

Number | Correctly False | Detection
Face size (pixels) _
| of faces | detected faces positive rate (%)
Bigger than 100 x 120 10 ) 9 1 Q0
Bigger than 50 x 60 10 8 2 80
Bigger than 20 x 24 10 6 4 60

Table 4.1 : Experimental Results

As Method-2 considers the range of us to be [0, 91], so this method fajis for those

iImages, which have the value for Ur exceeding 91. So this method fails
completely. But as we removed this drawback, so our method dete::ts faces for

any image having any u; valye.

292
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face as his face is with long beard and does not match with any of our head
shape model. It also failed to detect the face of the person who is not facing the

camera. Figure 4.3(b) contain some faces which are very small in size and our
method failed to detect those faces.
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> Conclusion, Discussion and Scope for further work

Face detection is a challenging problem and there is stii) a lot of work that need
to be done in this area. Detection of human faces in color images is our scope of
work.

In this report we have described an approach to detect the face in images. As our
method is an upgraded version of Method-2, so this is more efficient in detecting
faces than that of Method-2. Here we have Increased the size of “Skin (and Hair)
Color Distribution Model”, so this method works for any image having any RGB
value. Infact this method works for the images for which Method-2 fails. We also
used an S function that we can control by changing the vaiue of k' So this is
more generalized method than that of Method-2. Rest of the advantages of
Method-2 is also applicable to our method.

conventional approaches. it Nelps both increases the face detection rate and
reduces the false positive rate. In Method-2 a new pattern recognition method
was deveioped, called fuzzy pattern matching, which makes possible the pattern
detection using a pattern description model carrying different kinds of Information
from the input Image. This gives the flexibility in designing the head-shape
model. Thus we could create head-shape models that describe the essential
features of the head shape. All these make the face like pattems distinctive from
others.

Compared with the existing face detection approaches, the skin color detection

method is much more dccurate and efficient. The multiple head pose models

_26 -
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allow us to detect faces of various poses. By not looking at the details of facial
features, our method will not be affected by small. iocal changes in a face.
Therefore, the proposed approach is not sensitive to image noise or the change
of facial expression and head-pose and is very robust. The experimental results
showed that our approach could detect faces successfully in an uncontrolled
environment with complex background. Compared with neural network based
approaches, this method is much faster and the performance is good.

As this method fails for images of small size, so a new method can be devised to
meet the above constraint. If two or more faces are too close, the skin parts or
hair parts of them may be merged together. The shape of the resulting skin-hair
pattern may be very different from the one for a single face. Faces with special
hairstyles, such as skinhead. or wearing a hat, may fail to be detected. This IS
because the shape of the skin-hair patten of such a face in the image may
become quite different from our head-shape model. This method also fails for
those faces with long beard. We tested our method for the image of Osama Bin
Laden. The method failed to detect the face. This can be removed if we devise a
method for detecting beard and then remove the beard so that we get the shape
of the head as in our head shape model. Then our method can work in detecting
these kinds of faces. So these can be the scope for further work.
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