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Abstract- This paper presents a novel approach for detection
and recognition of multi-view faces whose location is unknown
and the illumination conditions are varying. The illumination is a
big problem in the face detection and recognition aspects. Our
proposed method doesn’t use the skin color information for face
detection. The detection of faces is accomplished after canceling
the effect of the various illumination conditions. Two completely
different methods are proposed for face detection in this paper.
Because of the independency of the approaches to the face’s skin
color, the persons with every kind of skin colors are detected even
in completely dark environments. Next, the detected faces are
recognized. The experiments have shown that we can combine
some proposed aspects of the feature based methods with the
eigenface method and get very successful results. The illumination
dependency problem of the eigenface method has also been solved
by a new methodology in this paper.

I.

INTRODUCTION

Edge information is a significant object representation
feature that is insensitive to illumination changes, but to certain
extent. There are a few works on face recognition aspect using
edge of faces [1]. Poggio [2] reported that to have a successful
object recognition approach, one might need to combine the
aspects of feature-based approaches with template matching
method. In our work, we will show a successful face
recognition method that doesn’t combine the aspects of
feature-based approaches with template matching method. The
new work combines some proposed edge information with the
eigenface method [3]. Eigenface method has been proved to be
very successful in face recognition. This method is the
implementation of Principle Component Analysis (PCA) in
face recognition. Kirby and Sirovich [4] reported that
illumination normalization is necessary for the eigenface
method. In this paper, we have also solved the illumination
dependency problem of eigenface approach by a new method
instead of illumination normalization. In most of the researches
about faces, there are some available face databases that the
faces available in these databases have known size and
position. Therefore, in practical aspects, the faces have to be
detected from images before face recognition. There are many
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face detectors that detect faces using the information of the
face’s skin color. The great problem with the skin color based
face detectors is that they will not satisfy the results, if the
illumination conditions are changed intensely, and the persons
with different kind of skin colors will not be detected under
varying illumination conditions. These problems are solved in
our proposed methods. The outline of this paper is as follows:
Our approach to multi-view face detection and recognition
under varying illumination conditions is described in Section
II. Section III provides experimental results, while the
conclusions are given in Section IV.
II. MULTI-VIEW FACE DETECTION AND RECOGNITION
SYSTEM
In this section, a novel method for multi-view face detection
and recognition under varying illumination conditions is
introduced. As we know, the feature based face recognition
methods have robust performance under different lighting
conditions. On the other hand, the eigenface algorithm is
proved to be very successful in face recognition. This method
uses the face pictures as raw data and extracts some feature
vectors from these pictures by the PCA algorithm. So the
classifier can be trained with these feature vectors. If the
illumination conditions of the environment changes, then the
efficiency of the system will decrease because the value of the
pixels in the test image will change significantly. This is a big
problem with the eigenface method. If the edge information of
face is applied in eigenface method, instead of the face image,
we anticipate that the illumination dependency problem of
eigenface method will be resolved. This means that we want to
extract eigenvectors from edge information of faces and not
from face images. The advantage of this idea, if can be
implemented, is the robustness of eigenface method under
varying illumination conditions. For this reason, we use the
various types of edge detection filters on the UMIST [5]
database to find out which of these filters has better
performance. Thus, we extract the edge information of the
faces available in the database and implement the eigenface
method on the edge information of faces to extract some
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feature vectors from the edge information of faces. Here, linear
SVM [6], [7] is used for classification and is trained with some
faces of each person available in database, in the same manner
as [8]. In order to have a multi-class pattern recognition
system, we use the one-against-one strategy to combine the
two class SVM’s. First we test the eigenface method on the
UMIST database and use SVM for classification. Next the
faces are pre-filtered and their edges are extracted. Finally,
eigenface method is used to extract the feature vectors from
edges of faces instead of the face pictures and SVM is trained
with these feature vectors for classification. It should be noted
that in this stage, we have not yet changed the illumination
conditions to test the system. Therefore, we want to find some
filters that don’t decrease the efficiency of the method
significantly. After finding these filters, we will change the
illumination conditions of input faces in testing level to show
the good performance of our face recognition method. In this
stage we will use the Cropped Yale database B [9]. After
finding a suitable pre-filtering method, the illumination effect
will be cancelled. In order to detect a face in an image, two
methods are proposed. One method is based on the fuzzy logic
and the other is based on the Eigenface method. In the fuzzy
logic based face detection system, we pre-filter some multiview face images of a person. So, some binary images are
obtained that their pixels are 0 or 1. Next, fuzzy models are
produced from the distribution of zeros in the faces and a fuzzy
approach is used for face detection. In the Eigenface based face
detection system, we pre-filter some multi-view face images of
a person. Now a vector space is produced from these
preprocessed sample face pictures by using PCA methodology
and fifteen eigenfaces with the largest corresponding
eigenvalues are retained. This vector space is called the face
space. Now, assume that we have a non-face picture and a face
picture from an unknown person. If we project both of the face
and non-face pictures into this face space, the amplitude of the
projected face will be larger than the amplitude of the projected
non-face because the similarity between two different person’s
face is more than the similarity between a person’s face and a
non-face. This hint is the main idea of our proposed eigenface
based face detection system. Next a window containing 12 x 10
square cells with dimensionality of n × n pixels scans the
image. Because of the independency of the both methods to the
skin color, persons with every kind of skin colors are detected.

with the images related to contrast 4 and the system is tested
with the images related to various contrasts. Now under
varying contrasts, the effect of filters ‘1’ and ‘2’, on the images
available in Fig.1, are shown in Figs 2 and 3. As it is shown in
Fig.2, the outputs of filter ‘1’ don’t change significantly when
the contrast is changed. This filter is introduced by Otsu [10].
As it is shown in Fig.3, the outputs of filter ‘2’ change
significantly when the contrast is changed. The results of the
face recognition system are shown in Fig.4. As we can see in
Fig.4, the ‘eigenface+filter(1)’ feature extracting method has
robust performance under varying contrasts, because the
outputs of filter ‘1’ don’t change significantly when the
contrast is changed (Fig.2). This hint helps us to overcome the
cases with varying illumination conditions. For this purpose, a
database containing different illumination conditions of each
person must be used. We use cropped Yale database B (Fig.5).
The effect of filter ‘1’ on images in Fig.5 is shown in Fig.6. As
it is shown in Fig.6, the outputs of filter are different for the
same person. So the pre-filtering approach must be modified to
obtain similar outputs for a specified person, under different
illumination conditions. By modifying the approach, the effect
of different illumination conditions will be canceled. Now, we
want to model the effect of various illumination conditions for
a face. For this reason, first we break the face image into some
small pieces. Next, we change the contrast of each piece,
independently. So, a face image with a special illumination
condition is produced. Now we produce more faces with
different illumination conditions in the same manner. As it has
been shown in Fig.2, the outputs of filter ‘1’ don’t change
significantly when the contrast is changed. Now for these
produced faces, if we apply the filter ‘1’ on each piece
independent of the other ones, the output of this approach must
be the same for all of the produced faces, because their
differences are in the contrast of their pieces and filter ‘1’ is
robust under different contrasts (Fig.2). We call this prefiltering method, “Otsu’s modified filter”. The results of Otsu’s
modified filter are shown in Fig.7. As it is shown Fig.7 for a
specific person, the outputs of the filter are very similar to each
other. Now SVM is trained with only 5 optionally selected

A. Multi-view Face Recognition System
Among the filters that we tested, only two filters give
successful results under constant illumination condition and the
other filters do not satisfy the results at all. We call them, filter
‘1’ and filter ‘2’ respectively. Notice that in the eigenface
method, 10 eigenvectors with largest corresponding
eigenvalues are retained. Now we change the contrast of test
images artificially, as shown in Fig.1. These contrasts are
labeled from left to right with contrast 1, 2, …, and 7
respectively. Notice that the contrast 4 has the same contrast as
the original image available in database and the SVM is trained
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Figure 1: An image with different contrasts.

Figure 2: effect of filter ‘1’ on Fig.1.

Figure 3: effect of filter ‘2’ on Fig.1.

proposed edge information instead of illumination normalization and get successful results by using eigenfaces.
B. Multi-view Face Detection System
In this section, we propose two completely different
methods for detection of faces. One method is based on the
fuzzy theory and the other is based on a vector space produced
by the Eigenfaces method.
C. The Fuzzy Logic Based Face Detection System
The pictures in Fig.7 are binary images. This means that the
value of each pixel is 0 or 1. As it can be seen in Fig.7, the
distribution of 0’s and 1’s for faces with different illumination
conditions seems to be nearly the same. In [11], the authors
modeled the face shape as several 2-dimensional patterns, each
of them containing 12 × 10 or 13 × 10 square cells of the size of
n × n pixels. These face models are shown in Fig. 8. As we
mentioned, each face in the Cropped Yale database is scaled
into (192 × 168). So, if we cut the first and last four columns
of the face, the scale of faces will be (192 × 160). Now the
binary faces in Fig.7 can be considered as several 2dimensional patterns, each of them containing 12 × 10 square
cells of the size of 16 × 16 pixels. As we indicated,
Psychological studies show that the human beings can
recognize line drawings as accurately as gray-level photos. In
the other hand the value of each pixel in binary images in Fig.
7 is 0(black pixels) or 1(white pixels). In fact, a line drawing of
a face in a white sheet can be considered as a special
distribution of black pixels (zero elements) in a matrix that its
elements are 0 or 1. So, we define a function named the Zero
function. The Zero function takes each pixel of the binary
images as an input and is defined as
⎧1 if the pixel = 0.
(1)
Zero( pixel) = ⎨
⎩0 if the pixel = 1.
Now, we want to compute the percentage of zero pixels in each

Figure 4: Error Rate vs Contrast.

Figure 5: Original images.

Figure 6: Out puts of filter ‘1’ for input images on the Fig.5.

square cell. For this purpose, we define the

aZ function. The

aZ function takes each cell of binary image as an input and is
defined as

Figure 7: Out puts of Otsu’s modified filter for images on the Fig.5.

aZ (cell ) =

images of each person and eigenface+”Otsu’s modified filter”
method, is used for feature extraction. We test our method with
the remaining 60 images of each person. The results are shown
in Table I. Kirby and Sirovich reported in [4] that an
illumination normalization, is usually necessary for the
eigenface approach, but we showed that we can use some

∑ Zero( pixel)

n2

(2)

pixel∈cell

Now, we define an S type standard function. This function is
shown in Fig. 9. We choose (a,b) to be (0.1,0.75). This
function takes the
between 0 and 1 as

aZ as an input and maps it to a value
μ A = S (a Z )
Z

(3)

The reason for choosing this function is that the cells contain-

TABLE I.
Error Rates for Cropped Yale Database B under Different
Illumination Conditions for Our Proposed Method
method
min
max
Average
eigenface+
0%
4.6%
1.2%
Otsu’s modified filter

Figure 8: The head shape models used in [11].
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Figure 10: The face models

Figure 9: The S type standard function.

ing the main features of a face, such as eyebrows and eyes, will
be retained and mapped to 1, because these cells contain more
zero (black) pixels and the cells not containing the main
features of face, such as forehead, will not be retained and will
be mapped to zero, because these cells contain more one pixels
(Fig.11). From the fuzzy logic point of view, this function can
be considered as a membership function that is used to estimate
the degree of how well a square area in the rectangle region
looks likes a completely black cell. For a binary face, there are
12 × 10 square cells and if we compute μ A for each of these
Z

cells a matrix with size of 12 × 10, named matrix x, will be
produced. For faces with every sizes of n, the size of this
matrix is 12 × 10. As we mentioned, the database is containing
65 images for each person. So, we produce 65 binary images
for each person. Now, for the person in Fig.5, we calculate
matrix xi , i = 1,2,...,65. Next, We calculate xmean as

xmean = ( x1 + x2 + ... + x65 ) 65

(4)

Now, we want to find the degree of similarity between the
binary faces in the Fig.5, from the fuzzy theory point of view.
In the fuzzy theory, the degree of similarity between x1 and x2 is
expressed by:
−a x − x b

AE ( x1 , x2 ) = e 1 2
For each of the binary faces, we calculate AEi as:

AEi ( xi , xmean ) = e

− xi − xmean 2

,

i = 1,2,...,65

(5)

(6)

Next, we calculate AE mean as:

AEmean = ( AE1 + AE2 + ... + AE65 ) 65

(7)

AE mean is a matrix with size of 12 × 10. We define AET as a
function that takes a matrix as an input and computes the
average value of input matrix’s elements. For AE mean as the
input matrix, the AET is given as

AET ( AEmean ) = ∑i =1 ∑ j =1 AE mean (i, j ) 120
12

10

(8)

For the person in the Fig.5, the degree of similarity between
the binary faces is found to be AET = 0.9851 . So, these binary
faces are very similar to each other. Now, we want to find the
degree of similarity between the binary faces of different

Figure 11: The pre-filtered face models

persons from the fuzzy theory point of view. As we mentioned,
this database contains 38 person’s faces. For each of these
persons, we select one face image randomly. Then we produce
the binary images. If we calculate the degree of similarity
between these 38 persons, we will obtain AET = 0.98 . So, the
binary faces of different persons are very similar to each other,
from fuzzy theory view point. Now, we can conclude that a
fuzzy face model can be produced in order to detect faces
under varying illumination conditions. In order to detect faces
with different poses, we gather five face models from a person
in the following views as [11]: Frontal view, Left side view,
Right side view, Left diagonal view, and Right diagonal view.
The five face model we used, are shown in Fig. 10. Next, we
pre-filter this five face models in order to obtain binary face
models. These binary face models are shown in Fig. 11. Next,
we break these five binary faces into 12 × 10 square cells. We
calculate matrix x for each of these 12 × 10 square cells and
label them with matrix x1, matrix x2,… , matrix x5
respectively. In fact, these five matrices are five fuzzy face
models. Note that for faces with different sizes, the values of
variable n are different. So, the sizes of the rectangles in Fig.8
are different. As we mentioned, for faces with every sizes of n,
the size of the produced matrix x is fixed. The face detection
procedure is as below
1) Initialize n.
2) Scan the image from the beginning to the end of the image
with a rectangle having 12 × 10 square cells of size of n × n
pixels.
3) For each scanned image in the rectangle, produce a binary
image and then calculate it’s matrix x and compute the degree
of similarity between the matrix x and matrix x1, matrix x2,… ,
matrix x5 respectively and label them with AE1 , AE2 ,..., AE5
then compute AET 1 , AET 2 ,.., AET 5 .
4) When the scanning of the image is completed, initialize n
with a larger value and go to 2 and do this procedure with
various values of n.
5) After scanning the image with different values of n,
determine the largest AETi , i=1,2,…,5, and it’s corresponding
rectangle. This rectangle is containing the face like region.
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6) Check that if the detected face like region is really a face or
is not. If not, select the next largest AETi and the corresponding rectangle and check it. To know if the ‘face like’ region is
really a face, the facial features in the detected face like regions
are extracted as in [11].
D. The Eigenface Based Face Detection system
After finding a suitable pre-filtering method and extracting
some features from pre-filtered face images in our proposed
face recognition system, we show that these features can be
used in order to detect a face. As mentioned, Yachida et al.
[11] modeled the face shape as a 2-dimensional pattern,
containing 12 x 10 square cells with dimensionality of C × C
pixels. We use this pattern for face detection because in this
pattern, the pattern can be broken into 2C × 2C pieces with
dimensionality of 6 × 5 pixels and Otsu’s modified filter can be
easily implemented. On the other hand, we will able to control
the size of the pattern in order to implement the method on
databases containing faces with sizes other than the size of
faces we want to use in this paper. In the Yale database there
are some faces with a few poses and varying illumination
conditions and with complex backgrounds. These faces can be
approximately fitted in patterns containing 12 x 10 cells with
dimensionality of 16 × 16 pixels. In order to detect faces in the
Yale database, thirty sample face images of only a person with
different illumination conditions and in two views are collected
(Fig.12). In order to cancel the effect of different illumination
conditions, these face pictures are filtered with the “Otsu’s
modified filter”. Now a vector space is produced from these
preprocessed sample face pictures by using PCA methodology
and fifteen eigenfaces with the largest corresponding
eigenvalues are retained. This vector space is called the face
space. Now, assume that we have a non-face picture and a face
picture from an unknown person. If we project both of the face
and non-face pictures into this face space, the amplitude of the
projected face will be larger than the amplitude of the projected
non-face because the similarity between two different person’s
face is more than the similarity between a person’s face and a
non-face. This hint is the main idea of our proposed face
detection system. Next a window containing 12 x 10 square
cells with dimensionality of 16 × 16 pixels scans the image.
Now, the images in the scanning window are first preprocessed
in order to illumination effect cancellation and next are
projected to the face space. The window containing the image
with the largest amplitude in the face space is the face like
region. Then the facial features in the detected face like regions
are extracted to know if the ‘face like’ region is really a face as
in [11]. Note that for detection of faces with different sizes,
windows with different sizes of n, must scan the image, but the
images in the windows must be scaled into 12 x 10 square cells
with dimensionality of 16 × 16 pixels in order to be able to be
projected to face space. There are many reports about the
scaling problem of the eigenface method, but our results show
that if we combine the eigenface method with SVM and choose

Figure 12: The sample faces used for producing face space.

the one-against-one strategy for training SVM, then the scaling
problem will not affect the good performance of the face
recognition system. Also, our results show that this method has
the capability of detection faces with different sizes.
III. EXPERIMENTAL RESULTS
The results of the two face detection systems are shown in
Figs. 13 and 14. In the Fuzzy logic based face detection
system, the detection approach is well done in images without
complex background and in most of these images the first
detected face like region is really a face. Note that by gathering
more face models than Fig.10, the efficiency of this method
will be improved. In the Images with complex backgrounds the
first detected face like region is not a face and we most search
the face like regions until finding a really face. In the eigenface
based face detection system, many images with complex
background and variable lighting were tested. In most of these
images, the first detected face like region was really a face. As
we can see in Fig. 14, this method is very robust under every
illumination conditions. Also, the performance of this system is
very good for images with complex backgrounds. This method
has much better performance than the fuzzy theory based face
detection system.
IV. CONCLUSIONS
A very successful and novel multi-view face detection and
recognition approach under varying illumination conditions is
proposed in this paper which has the capability of detection
and recognition faces under so dark or bright places. It
produces a binary image from the original image. Thus, it
cancels the effect of different illumination conditions. These
binary images can be used in the eigenface method. So the
illumination dependency problem of the eigenface method is
solved by a new approach without a need to illumination
normalization. In order to detect faces, two methods are
introduced, named the fuzzy logic based and the Eigenface
based face detection systems. The Eigenface based face
detection system has much better performance than the fuzzy
theory based face detection system. In these methods, the
persons with every kind of skin colors are detected and
recognized under intensely varying illumination conditions.
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Fig. 13: Some detected faces using Fuzzy Logic.
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Fig. 14: Some detected faces using Eigenface Based face detector.
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