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Abstract

The paper presents an algorithm for detecting face location(s)
in two-dimensional static images having complex background.
The algorithm uses back-propagation neural network for
detecting face patterns in the image. The network was trained
by using an average face and non-face image sets, thus
simplifying the training of the network. The image was sub
sequentially resized to smaller dimension for detecting faces of
different size in the image.
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Introduction

The detection of a face is an easy task for humans, since
humans have been doing this task for a very long time
and start doing it right from their birth. The same job is
not easy when it comes to computers. The task becomes
more difficult when faces of different size have to be
detected in same photograph and with complex
background. Not only size has to be taken into account
but also rotated and partial faces are to be detected.

In a face recognition system the prerequisite is the
accurate location of the face ie detecting a face in an
image, so that the latter system can use these detected
face for recognition. As the means of communication are
growing the information interchange is increasing at
logarithmic rate, with the advent of multimedia
application on internet the demand for searching of
pictures or identification of a person over the internet
requires an algorithm for recognition of faces and the
prerequisite for this is the correct location of the face. As
e-commerce becomes more and more common, the
necessity for secure transaction will increase, and best
way to identify anyone is his face.

Most research work to date can be regarded as only a
starting point. Many aspects of human face remain to be
solved. Reported works have used prior knowledge of
the location of face, one face in the image or have
simple background due to which the task at hand
becomes easy. Many researchers have developed
different algorithms for face detection. Computational
model [1] uses micro templates to detect faces,
hierarchical knowledge based systems [2,3] uses
mosaics of the face for detection, principle component
analysis method [4] divides the image into its
components and then tries to detect a face, skin or lip
color has also been used to detect a face, neural network
[2,5,6] have also been used to detect faces in images.
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The algorithm presented here uses a new approach in
training the neural network and on the usage of this
network, enabling the algorithm to detect face of
different size with complex background. Following
sections explain the theoretical background of neural
network and system details of the algorithm.

Theoretical Background

In our work a modified form of backpropagation neural
network algorithm developed by Osama etl. [9] was used
for neural network. The algorithm is much faster and
provides much better numerical stability than normal
algorithm for training feed-forward networks.

The algorithm is based on backpropagation neural
network. The output of the neural network is given by

y=Z(x.w) (1

here, y is the output matrix, x is the input matrix
presented to neural network, w is the weight matrix and i
is the layer number. This output is then passed through a
non-linear function given below
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This algorithm improves the training by controlling %'
the gain of a Kalman filter, which is estimated by

k; = Si(x:S)) 3)

S is a random matrix, updated at every iteration as
follows
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where yis calculated as follows
V= 2 (5)
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where o is calculated as follows
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The error e for the hidden layer and output layer is
calculated as follows

e=f Zy(e". w) (7

using this error output weight matrix is updated as
follows



w=w+kd-y) (®)

Here d is the desired output matrix. The hidden layer
weight matrices are updated as follows

w=w+t+k.e.u )

The algorithm uses the above relations to implement the
neural network.

System details

The work presented here assumes that the faces present
in the image are all upright and not rotated on any axis.
All the images' used are 256 gray level images, any
other image if presented, is first transformed into 256
gray level image and then further processing is done.

A training data set for training the neural network, which
is being used for detecting face patterns, was prepaed.
This data set includes different face patterns from
different images. Every face pattern from different
images was pointed by hand and then stored. For each
left and right eye their centers were pointed and then the
mid point of the upper lip was pointed out manually and
this information was used to extract the face pattern,
these were then resize according to the pixel distances
shown in figure 2. Each of these faces was then stored
and resize to a new dimension of 20x20 pixel. This size
puts a limit on the smallest face that can be detected by
the network. Similarly a data set of nonface patterns
was prepared for testing the neural network.

The face patterns thus obtained were then averaged and
form that an average face (figure 3) was obtained. This
face has the properties from all faces. Thus this average
face represents nearly all the faces present in the data
set. Another data set, which contains nonface patterns
was also prepared. This data set was used to train the
network for distinguishing non-face patterns from face
patterns. Also contained in this data set are matrices with
random values, of 20x20 size.

The neural network has one hidden layer, the input layer
has 400 inputs and output layer has eight outputs. The
neural network was trained to give an output of +1 for
face patterns and an output of 0 for nonface patterns.
Each image was scanned by a window size of 20x20, the
image from the window was first histogram normalized,
to carter for different light conditions, then divided into
four rows and four columns, neural network was applied
on each sub-matrix, output from these was summed and
used as an indication of the presences or absence of the
face pattern at that location. This is shown in figure 3.

Each image was scanned by a window of 20 x 20 pixel
at different dimension, each dimension was resized by
10% of the original size at each new dimension. This
process was repeated till the smallest dimension for
scanning was reached.

' Most of the images for training were downloaded from
http://www.cam-orl.co.uk/facedatabase.html

Probable face candidates at each dimension were then
compared with each other at different location and by
the process of elimination at each stage weak candidates
were rejected. If a face appears at same location in more
than two consecutive dimension then it was said to be a
face in the image. In the end, face sze and its location
were computed from the data at different dimensions
and a square was plotted around the face in the original
image.

Experimental Results

The neural network was tested using face and nonface
patterns from the testing data set. The resuts are shown
in table 1. The network was able to detect all of the 295
faces, which were in the training set but detected 22 non
faces as faces from the non-face testing data set.

The algorithm was applied to different photographs with
faces at different locations, these results are shown in
figures 4, 5, 6 and 7. Figure 4 contains 2 faces and both
of them have been identified without any false detection,
in figure 5, out of 8 faces 5 have been detected with 7
non-faces, in figure 6 & 7 all of the faces have been
detected with 2 non-faces in each of the image. When
applied to photographs the overall detection rate was
nearly 90%, the algorithm also pointed some nonface
areas as faces, these non-faces represents the error in the
algorithm.

In figure 8 there are 3 faces and out of 3 one has been
detected and no false detection. The two other faced not
detected are due to the fact that the image has lot of
noise and is blurred. This image was used to test the
response of algorithm against noise and blurred images.

Other similar works have reported detection results of 78
to 92 % [4], 75 to 93% [10] and error rate of 7.4 to 9.3
% [11].

Conclusions and future research

The network works well with upright and nonrotated
faces, but with rotated faces the algorithm is not able to
detect faces. In figure 5 three faces has not be detected
by the algorithm, this is because the network was not
trained to recognize dark tone skin colors. The nonface-
data set, will be updated by including the nonface
patterns pointed out as face patterns and retrain the
network.

The research to follow will include the detection of faces
rotated about different axis, having different skin color.
Also each face may not be exactly square in nature,
some faces are long and thin and others are wide and
short. The algorithm will also cater for these differences
in the face patterns and try to incorporate these
differences.
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Face Non-face
patterns patterns
Total number of faces 100 100
detected as faces 100 22
detected as non-faces 0 78
Table 1
No of faces in No of faces Non-face
the detected (%) patterns
photograph detected as face
2 2 (100%) 0
2 2 (100%) 2
8 5(63%) 7
3 3(100%) 2
Table 2
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Figure 1: System detail block diagram
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Figure 2 Pixel distance for face  Figure 3 : Average face Figure 4: Faces located by algorithm

Figure 5: Faces located by algorithm Figure 6: Faces located by algorithm
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Figure 7: Faces located by algorithm
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Figure 8: Faces located by algorithm
in noisy and blurred image
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