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ABSTRACT

This paper describes a real-time face detection system which is
capable of processing video frames extremely rapidly while
achieving high detection rate. The primary contribution of this
paper is development of a fast algorithm for partitioning each
frame into sub-images, detection of potential facial sub-images
and real-time clustering of such potential sub-images into isolated
objects/faces. A set of experiments in the domain of real-time face
detection are presented. The performance of the system is
comparable to some well known previous systems [5, 6, 8,
9]. Being implemented on a conventional desktop, face detection
could be done at the rate of 13 frames per second.
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1. INTRODUCTION

Face detection technology determines the location of human
faces in digital images using different facial attributes. It detects
facial features and ignores anything else, such as buildings, trees
and bodies. Face detection can be regarded as a specific case of
object-class detection; in object-class detection, the task is to find
the locations and sizes of all objects in an image that belong to a
given class. It is the first step of face recognition and is greatly
used in facial recognition modules for designing automatic
security systems to check whether any person has entered in
a prohibited area, to design a computerized system for foot-
fall analysis of particular place and other biometric
authentication systems. Some recent digital cameras use face
detection for auto focus feature. Face detection is also the first
step of Face Perception which is the process by which the
brain and mind understand and interpret the face, particularly the
human face.

Much work has already been done on face detection
techniques. Most of these are based on shape and relative position
of eyes. The Gradient technique proposed by Kukharev, Masicz
and Masicz[1] detects any object of facial shape as face
which may not be a face. However, this technique has the
advantage that it works indifferently under changing lighting
condition. There are also techniques those use skin color to detect
face. R. Féraud et al.[2] proposed a fast and simple face
localization technique based on motion and skin color filters.
C.R. Wren et.al. [3] have used the color and spatial similarity
properties to form connected regions in which all pixels
have similar image properties. However, both the techniques
use high-end, costly gadgets and complex computation techniques
for segmentation and tracking of human activities. Rolf P.
Wiirtz , in his work on object recognition [4], have used
Gabor wavelet features for sampling the image, amplitude
thresholding, background suppression and image representation.
The computational complexities of these algorithms are high for a
real-time application. Technique used by Blepo[6] works well in
real-time and produce satisfactory result
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when faces are frontal to the camera but performance becomes
unsatisfactory when orientations of faces change.

Though many works have been done, real-time face
detection is still an open problem. This is mainly because of the
complexity of the problem with respect to the variations in
lighting conditions, face orientations and limitation on
computation cost etc. In the current work we have tried to address
this problem by developing an adaptive fuzzy technique

to address the imprecision or vagueness there in.

2. PRESENT WORK

Our face detection procedure classifies images based on the
values of HSL color components of a pixel. The HSL color model
is less susceptible to changing lighting conditions in comparison
to the RGB color model. This is the primary reason behind
the choice of the said model.

2.1. RGB to HSL Computation

From the camera driver we are obtaining RGB color value
for every pixel of each frame. So, the conversion from RGB
color model to HSL color model must very simple to
compute otherwise that may be a big cause for bad
performance of the system in real-time. To reduce computation
in conversion from RGB to HSL a very simple technique [7] has
been used.

Let r, g, b € [0,1] be the red, green, and blue
coordinates, respectively, of a color in RGB space. Let max be the
greatest of r, g, and b, and min the least.

To find the hue angle h [0, 360] for HSL space, we have

computed:
0 if max = min
h— (60° x 2=t — 4 0°) mod 360°, if max=r
T ) 60° x E=m 41200, if max =g
60° x ——2 4+ 240°, if max = b

max — min

To find saturation and lightness s, I ~ [0,1] for HSL space,

we have computed:

! = 1(max + min)

0 if max = min
_ max —min __ Imax — min A 1
5 = max +min 21 2 if [ S 2
IMAX — min _ max —min - 1
2—(max +min) 2—31 if [ > 2

2.2. Training of skin color pixel

Our technique needs an initial seed value of skin color pixel and
also a range. To find this initial seed value and the range we have
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trained many face images under a given lighting condition. This
procedure has been done offline. In this procedure, for each face
image, maximum, minimum, mean and standard deviation value
for each component of Hue, Saturation and Lighting has been
computed. Mean value of each component has been taken as the
seed value for that image. The computational methodologies for
the seed and the range values are shown below:
Seed;. = mean,,,
where, Seed;. denotes seed value and mean;. denotes
mean value of ¢ component, ¢ € {H, S, L} of i" image.
A heuristic function has been applied to determine the range.
Range;. = (1 - u).standard_deviation;. + u.(max;. — min;;)/2.
where, Range;, is allowed
standard_deviation;. denotes standard deviation, max;. is

range,
maximum value, min,. is minimum value of ¢ component, ¢ €

{H, S, L} of i" image and u is a constant obtained experimentally.

Now, final seed value of a component is obtained by taking
median of all the seed values of corresponding component of all
images. Similarly, final range of a
computed by taking median of ranges

component is also
of corresponding
component of all images.

2.3. Adaptive background estimation and
subtraction

To reduce the amount of computation our technique subtracts the
background information from the image before processing each
image. This not only reduces the computational time but
also helps to avoid skin colored object in background to be
falsely detected as face. Initially an image of the background
has been saved when no face was in the image. Background may
change during the course of the processing. To be vigilant
with the changing background the initially saved background
image must have to be changed during the course of the
processing.  Our technique saves the current frame as the
background image if the current frame and last n consecutive
frames also had not detected any face.

Figure -1: (a) before background subtraction and
(b) after background subtraction

Now the question may come how the background is
subtracted. The saved background image is exactly of same size
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that of a frame. Before processing the current frame first
each pixel of the current frame is compared with corresponding
pixel in the saved background image. Now if difference
between the two pixels in all the 3 color components is below
corresponding 3 thresholds, the pixel in the current frame is
considered as a background pixel and it need not to be
considered further in the process of detection of faces. The
values of these pixels are set 0 for all the three color components
so that they never selected as a potential skin colored pixel. The
three thresholds one for each of the three color components, are
obtained experimentally.

2.4. Adaptive seed value estimation

As discussed before, our technique has started with an initial seed
skin color. This seed is used for processing first frame only.
During processing of each frame, the seed value for next frame is
being calculated. We have used a fuzzy membership function f, as
shown below, to determine the membership value (€ [0, 1])
of each pixel in the fuzzy set of skin colored pixel.

1
Jxy =

tx—ey, ®
where, x i_(lﬂ’z'e( valit )of a HSL color component of
the pixel, ¢ is corresponding color component of seed pixel of
the current frame, a & b are constant. We have considered

b=2, a depends on the range of the particular color component.

The pixel having membership value >= § for all
three component are considered as skin pixels.
Considering membership values as weights of these skin
pixels, weighted average values for all three component is
computed which are used as component of seed pixel for next
frame. To avoid the possibility of a large transition of seed
color of skin so that seed color become a complete different
color from skin color, we have introduced a limitation upto
which seed color may change from the initial seed color
obtained from offline training.

2.5. Partitioning a test image frame

Our technique initially partitions the test image into
40X40 array of fixed size sub-image. We have worked taking
image of size 320X240 which implies that the size of a sub-image
is 8X6. We have assumed that size of a face to be detected
is greater than 8X6. Analyzing a large scale of image taken in
the location where we have tested our technique, it is revealed
except in some cases all the face have size greater than the size of
a sub- image. How partitioning is being done has been illustrated
in the following figure using partitioning into 6X6 array of sub-
images.
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Figure -2: Fixed partitioning of the frame into 6X6 array

So, a face to be detected comprises of one or more sub-
images. How a sub-image is selected as a part of a face and how
such sub-images combined, have been explained in next two
sections.

2.6. Design of a fuzzy skin color model

By the fuzzy function described in the section 2.4 we
have got membership value for all components (H, S and L) for
each pixel. A fuzzy function f° has been designed to get
membership value of a pixel from the membership value of its
components,
such that:

ser=adp)+orle)rle)

where p is a pixel, {’(p) its membership value, a, f, y are
constant such that o + f +y = 1, fis the function described in

2,2, 2
24, 5 & & areH, S, L component respectively of the pixel
p. o, P, v are obtained experimentally.

Finally, we have considered mean of membership values
of all the pixels f*” in the area of a sub-image as the membership
value of the sub-image, such that:

1
9= (3) I, 1)
S pEd)
where & is a sub-image, n is number of pixel in a
If the
sub-image >= o, it s

sub- image, (&) is membership value of the sub-image.
membership  value of a
considered (potentially) to be part of a face. The constant w
is obtained experimentally.

Figure -3: Partitions having membership value >= ®
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2.7. Real time clustering of sub-images

After obtaining the sub-images those are potentially parts of some
faces, our task is to divide the image into clusters such that each
cluster contains all the sub-images that are parts of a single
face, i.e. we have to combined the sub-images those are parts of
a single face. For the need of the real-time application the clustering
of the sub-images must have to be very fast i.e. the algorithm
must be simple to compute. The algorithm we have

used given following:

Initialize label, L A -1
For all £ scan the image from left to right and  top to
bottom
IF f7(§)>=0.5 then
Insert sub-images & to List and &label A L

While List is not empty
Remove a sub-image y from List
For each 4-neighbour @ of y
If @ is unlabelled and f(D)>=0.5 then
Insert @ to List and @.label A L

End For
End While
LAL-1

End For

Sub-images having same label are merged to a single skin-
colored cluster.

d
ol |
Figure -4: Partitions having same label are merged to a
cluster

2.8. Elimination of noisy clusters

All the clusters obtained after clustering need not to
be faces. Some may be other skin colored object such as hands,
skin colored shirt those were not in the background. We have
analyzed various face images to obtain a range of aspect ratio
and size of face. Our technique filters out the noise clusters those
having size out of the range of size of a face or those having
aspect ratio out of the range of aspect ratio of a face. The
clusters remained after filtering are the detected faces.

3. EXPERIMENTAL RESULT

In last chapter we have discussed about our present work.
We have seen that many experimentally obtained has come in
our
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discussion. These experimentally obtained constants and some
other experimental results have been discussed in the
following subsections of this chapter.

3.1. Experimentally obtained constants

In section 2.2, we have discussed about the constant p which was
used for calculation of allowed range of a color component of an
image. The value of p for which we have got best result has been
given below:
u=03
In section 2.3, we have discussed about the constant
n which was used for updating of the background (basically n+1
is the number consecutive frame not containing faces causes
to update the saved background to current frame). The value of n
for which we have got best result has been given below:
n=>35

In section 2.4, we have discussed about the
constants a and b which were used for evaluation of
membership value of a color component of in the fuzzy set
of the corresponding component of skin color pixels. Now in
our experiment we have assumed b=2 for all the three
color  components and corresponding a has been obtained
experimentally.

'a’ for Hue = 5.00
'a’ for Saturation = 0.23
'a’ for Lightness = 0.16
In section 2.4, we have discussed about the constant
& which was used as minimum membership value for all the
three color components H, S and L for the pixels which
would be considered for determining the seed value for next
frame. The value of & for which we have got best result has
been given below:
0=0.5
In section 2.6, we have discussed about the constants
o, B and y which were used for evaluation of membership of a
pixel in the fuzzy set of skin color pixel. The values of a, B
and y for which we have got best result has been given in the
table below:

o =10.6
£ =03
y=20.1

In  section 2.6, we have discussed about the
constant ® which was used as minimum membership value of a
sub-image to be considered as potential to be part of some face.
The value of @ for which we have got best result has been given
below:

w =205
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As discussed in section 2.2, we need an initial
seed color value for skin color pixels in our present system of
real-time face detection. Here in the following table we have
given the values of all the three color components namely H, S
and L of the initial seed color we have obtained in our experiment.

Value of Hue = 28

Value of Saturation = 0.75

Value of Lightness = 0.55
3.2. Allowed variance for considering
skin color

As discussed in section 2.2, we need a variance for each color
component which is allowed for a skin color pixel from the
corresponding component of the seed color. Here in the following
table we have given the allowed variances we have in our
experiment of all the three color components namely H, S and L
from the corresponding color component of the seed color.

Variance allowed for Hue = 5

Variance allowed for Saturation = 0.04

Variance allowed for Lightness = 0.08

As discussed in section 2.4, there is a limitation upto
which the calculated seed color may change from the initial seed
color. This limitation is obtained experimentally and given below:

Variance allowed for Hue = 2
Variance allowed for Saturation = 0.04
Variance allowed for Lightness = 0.10

Figure -5: Some successful cases of our Real-time Face
Detection System

3.3. Design of the filtering criteria

As discussed in section 2.8, noisy clusters have been
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filtered out using the range of size and aspect ratio of faces. After
analyzing a big collection of face images, we have got the range

of size and aspect ratio of faces are given below:

0.85 = Aspect Ratio < 1.40
8X12 = Sizes 72X 84

Figure -6: Some unsuccessful cases of our Real-time Face

Detection System

3.4. Time complexity analysis

Speed is very crucial in any real-time system and it is the single
most important criteria for such system. A real-time face
detection system can’t afford some extra computational time for
the sake of better face detection. Our real-time face
detection system is quite faster than most of such available
systems. On a

2.66 GHz Pentium IV processor, the face detector of our real-time
face detection system can process a 320 by 240 pixel image
in about 0.078 seconds which is fast enough for real-time
face detection application. This is roughly 8 times faster than
the Rowley-Baluja-Kanade detector [8] and about 360 times
faster than Scneiderman-Kanade detector [9].

4. CONCLUSION

We have presented a simple yet efficient approach for real-time
face detection which minimizes computation time while
achieving high accurate detection rate. This technique is much
faster than available approaches. Unlike the available works, our
approach does not search faces of different sizes iteratively but it
detects faces of different sizes simultaneously and that makes our
approach faster. Being faster our approach is applicable in any
application where real-time face detection is essential. The range
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of such application is vast. The application may be used as a foot-
fall analysis software for shop or it may be a security system to
stop intruder. Again face detection is first step of face recognition.
So, our technique can also be applied in a face recognition system
where faces have to be recognized against complex background.
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