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Abstract

A face boundary can be approximated by an ellipse with
five-dimensional parameters. This property allows an el-
lipse detection algorithm to be adapted to detecting faces.
However, the construction of a huge five-dimensional pa-
rameter space for a Hough transform is quite unpractical.
Accordingly, we propose a scan-line-based Hough trans-
form (SLHT) method for detecting faces from a symmetric
contour in an image. The idea is based on the use of a con-
stant aspect ratio for a face, gradient information, and
scan-line-based orientation decomposition, thereby allow-
ing a S-dimensional problem to be decomposed into a
two-dimensional one to compute a center with a specific
orientation and a one-dimensional one to estimate a short
axis. In addition, a two-point selection constraint using
geometric and gradient information is also employed to
increase the speed and cope with a cluttered background.
After detecting candidate face regions using an SLHT, a
multi-layer perceptron verifier is adopted to reject false
positives, The proposed method was found to be relatively
fast and promising.

1 Introduction

Detecting human faces from background in a scene is a
very important task that constitutes the first step for a large
number of applications: face recognition, face tracking and
surveillance, remote conferencing, etc. [1,2]. Although
significant progress has been made in the last two decades,
there is still much to be done, and a robust face detection
system is needed that can fully cover variations in scale,
orientation (upright, rotated), pose (frontal, profile), occlu-
sion, cluttered background, and lighting conditions.
Moreover, when detection methods are used in a real-time
system, it is important to consider the requirements of time
and memory. As such, accuracy may need to be sacrificed
for speed. Recently, several methods [3-6] based on ellip-
tical approximation have been proposed using the fact that
the overall shape of a head is very similar to an ellipse.
However, these methods mainly focus on the localization
of a single upright face in a simple background. Moreover,
these methods often detect many false positive faces that
might have the shapes of ellipse. Thus, these methods
could have difficulties of detecting faces correctly in im-
ages with a cluttered background, and various face
orientations and lighting conditions.

The proposed method detects faces in an image using a
scan-line-based Hough-like ellipse fitting method. A
Hough transform has long been recognized as a robust
technique for detecting line features, yet applying it to de-

tect ellipses requires a 5-dimensional array for the
accumulator. Moreover, a great deal of computing time is
needed to transform a feature point in the input image into
many points in the parameter space. Therefore, to solve
these problems, we use the fact that the ratio of the long to
the short axis of a face is constant, along with gradient in-
formation extracted using a Sobel operation [7]. In addition,
the parameter space 1is effectively reduced using
scan-line-based orientation decomposition. Finally, since
the gradient direction satisfies reflectional symmetry on a
face contour on a scan-line, the computing time for detect-
ing a face can be reduced.

The remainder of this paper is organized as follows:
Section 2 gives a detailed description of the proposed face
detection method using SLHT, section 3 presents experi-
mental results using two database sets, and section 4
provides a summary and conclusions.
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Fig. 1. Basic flowchart of proposed face detection method.

2 Face Detection using Hough-like Ellipse
Fitting

The overall shape of the frontal view of a face (or the
whole head) is very similar to an ellipse, not only in rela-
tion to facial expressions or the presence or absence of
structural components, such as a beard, mustache, and
glasses, but also with variations in the lighting conditions,
orientation, or size of the face. Based on this fact, a face
region can be detected using a Hough-like ellipse detection
algorithm.
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The proposed method for detecting faces in an image, as
shown in Fig. 1, is as follows. First, gradient magnitudes
and directions are extracted from an input image using
Gaussian smoothing and Sobel operators in a preprocessing
step. Second, a search for ellipse regions is conducted by
the SLHT technique. Finally, the determination of whether
or not such regions are facial regions is performed by an
MLP verifier.

2.1 Preprocessing

The proposed face detection method requires an edge
map that includes the gradient magnitudes and orientations
of the input image as a Hough transform is used to find any
ellipses. To extract the edge map, Gaussian smoothing is
applied to conspicuous edges of a face contour and to re-
duce the influence of dense edges represented in
non-interest regions, such as books on a bookshelf, or
clothes with a check pattern. before using a Sobel operator.

2.2 Ellipse detection using SLHT

This section describes the proposed ellipse detection
method for detecting candidate face regions. A face bound-
ary can be approximated by an ellipse represented by five
paramelers, given by
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where @ and b are the short and long axis, respectively,
(x.,y.) is the center point, and « is the orientation of

the long axis. However, the construction of a huge
five-dimensional parameter space for directly extending a
Hough transform to determine a solution is very difficult
[8]. Therefore, the proposed strategies to reduce the com-
plexity of the parameter space are as follows. First, the
ratio k =h/a is made into a fixed constant, as the aspect
ratios of faces are approximately equal to each other in an
image. Second, we use the fact that the slope of a point can
be calculated using the corresponding gradient direction
extracted from a Sobel operation. Third, a scan-line de-
composition method is used to determine the orientation of
an ellipse. These distinctive strategies can decompose the
S-dimensional problem into a two-dimensional one for
computing the center with a specific orientation and a
one-dimensional one for estimating the short axis. As such,
the ellipse detection can be divided into two stages as fol-
lows.

In the first stage, the centers and orientations are esti-
mated using the above strategy. The equation (1) for its
derivative is given by

(k*Acosa - Bsina)(x—x, )+ (k*Asin + Beosa)(y - y,) =0

(2)

where A=cosa+msina and B=-sine+mcosc . Plus,
m (=dy/dx) is the slope of a point on an ellipse and can
be computed using the gradient direction (¢ ) at the point
using m=—cot¢ [9]. Equation (2) has three parameters,
the orientation (e ) and center point ( x., y_ ) of an ellipse,
because k and m are known.

To solve the orientation problem, a scan-line-based ori-
entation decomposition method for computing a Hough
transform is introduced to achieve a considerable reduction
in the computational load, as shown in Fig. 2. Here, a
Hough transform is divided into several steps, each corre-
sponding to a selectively attentional decomposition with a
specific scan direction. An SLHT uses a set of lines that
have the same slope to scan an image line by line in an
oblique raster scan fashion. Decomposed Hough maps are
constructed for each scan direction. The direction of a
scan-line @, is defined as 6,=Ir/L-m/2 where
[=0l,---,L—1 and L represents the maximum number
of attentional decompositions. In this case, the orientation
of an ellipse (&) can be easily estimated as it 1s perpen-
dicular to the scan direction (6, ).

To calculate the center point of an ellipse, equation (2) is
rewritten as follows

Wx +Zy. =K (3)

where W =k*Acosa—Bsina , Z=k>Asina+ Bcosa ,
and K=Wx+2Zy.

Using two points p(x;,y;) and p(x;,y;) on a
scan-line, as shown in Fig. 3, the corresponding ¢; and
¢, and estimated orientation @, , the center point on a
Hough map can be estimated from equation (3)

Sl

where D=W,Z,-W,Z, #0, (-); and (), represent the
value of (1) at p, and p;, respectively. Here, the condi-

tion D#0 produces a constraint given by
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As such, only two points need to be considered for the
Hough map and straight lines arising from clutter in an
image can be remove. To further reduce the Hough calcu-
lation, the above constraint is combined with a reflectional
symmetry condition as follows

o, +¢;-20)|=n (6)

and a distance condition that considers the minimum and
maximum width of a face. These constraints are called the
two-point selection constraint. Thus, for each scan line
with a specific direction, two points that satisfy the com-
bined constraints are selected. Then a decomposed Hough
map with a specific direction is constructed using equation
(4). The center points of ellipses with an orientation can be
easily detected using local peak detection in the map. An
SLHT can only detect an ellipse with a specific orientation
in an image by selecting a specific value or group of spe-
cific values /. This is a feature of selective attentional
decomposition.

In the second stage, after estimating the center and ori-
entation of an ellipse. the remaining parameter, the short



axis, is calculated using equation (1) as follows
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and the long axis is computed using the ratio k. Thus, a
candidate face region modeled by an ellipse can be de-
tected efficiently.
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Fig. 2. Conceptual diagram of proposed scan-line-based
Hough transform.
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Fig. 3. Selection of two points satisfying reflection sym-
metry on scan line with specific orientation ;.

2.3 Face verifier using MLP

An MLP verifier is adopted for rejecting false positives.
First, the size of a candidate face region is normalized to
12x18 pixels. To cope with variations in the illumination
conditions, the region is histogram-equalized, then input
into an MLP neural network trained by backpropagation.
The classifier consists of 216 input layer nodes, 10 hidden
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layer nodes, and 2 output layer nodes. In section 2.2, when
non-face images are gathered that look like ellipses, these
negative examples incorrectly identified as a face are used
in retraining the neural network to further enhance the
MLP verifier, sometimes called a bootstrap method.

3 Experimental Results

The proposed method was evaluated with various im-
ages, including the MIT face database and CMU face
database. Currently, the proposed method was evaluated
using two sets of images. Set A contained 243 gray-level
images (total 315 faces) acquired from a CCD camera with
320%240 pixels, while set B contained 64 images (total 137
faces) obtained from the CMU face database, TV scenes,
magazines, and the Internet.

Figure 4 shows the edges of an image extracted using a
Sobel operation and the edges of an image extracted based
on satisfying the two-point selection constraint. Up to
595,778 edge-pairs could be selected on the scan-line, as
shown in Fig. 4 (a). Whereas, the number of edge pairs
satisfying the two-point selection constraint was no more
than 4000. Practically speaking, the number of edge pairs
was reduced by more than 99% when experimenting on set
A. As such, the two-point selection constraint contributed
to a decrease in the computing time without any drop in
efficiency. Generally, the edges represented on a face con-
tour were not excluded by the two-point selection
constraint, as shown in Fig. 4 (b).

Some test images with detected faces are shown in Fig. 5.
The proposed method was able to detect faces with glasses,
rotated faces, and colored faces with complex and cluttered
backgrounds and lighting variations. The faces missed did
not have an ellipse shape as the head was profiled (third
row, second column) or the background color was similar
to that of the face (third row, third column). The average
computing time for an image with 320x240 pixels with
multiple faces was less than one second with a Pentium III
(500MHz). After verification, the face detection results are
given in Table 1.

Table 1. Face detection results.

Missed face Detection False posi-
rate rate tive rate
Set A 317315 90.2% 18/315
Set B 25/137 81.8% 13/137
Total 56/452 87.6% 31/452

(b)

(a)
Fig. 4. (a) Edge image. (b) Extracted edge points satisfying
two-point selection constraint.



4  Summary and Conclusions

We proposed a novel face detection algorithm using a
SLHT method for detecting faces from a symmetric con-
tour in an image. The idea 1s based on the use of a constant
aspect for a gradient information, and
scan-line-based orientation decomposition to decompose a
5-dimensional problem into a two-dimensional one to

ratio face,

compute a center with a specific orientation and a
one-dimensional one to estimate the short axis. In addition,
a two- point selection constraint using geometric and gra-
information added the 10
increase the speed and cope with a cluttered background.
After detecting candidate face regions, an MLP verifier is
adopted to reject false positives.

Conventional face detection methods based on elliptical
approximation mainly focus on the localization of a single
upright face in a simple background. However, these
methods often detect many false positive faces due to the
shapes of the ellipses, cluttered backgrounds, face orienta-
tions, and lighting variations. The proposed method can
provide a solution to cope with these problems based on
adopting a two-point selection constraint for an SLHT and
an MLP verifier trained in a bootstrap manner. One of the
most important features ol an SLHT is that the combina-
tion of directional decompositions means that only ellipses
with specific orientations are responded to in an image.

dient 1s also o above 1dea
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