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Abstract--- This paper proposes a method for extracting
statistical features on Local Binary Pattern based Fuzzy Co-
occurrence matrix for effective face recognition. In this
method Local Binary Pattern is computed on the image and
then fuzzy representation is used for reduction of image local
information values. Statistical features are evaluated over
Co-occurrence matrices of LBP based fuzzy matrix in four
directions 0°, 45°, 90° and 135°. Face recognition algorithm
is proposed with these features. The proposed method has
been intensively evaluated by applying recognition tests on
FGNET and scanned facial images. The results show that
this proposed method is superior to the performance
obtained using the existing face recognition methods.
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I. INTRODUCTION

Face Recogpnition is a long-standing problem in computer
vision and pattern recognition. It is used in various
applications like crime detection surveillance, passport,
security, human computer interaction, etc. Face
recognition methods are broadly categorized into two
types geometry based feature methods, which use global
information as features, and appearance based feature
methods, uses describe the texture of the face as features.
Many methods are developed for facial images analysis
[1], which include such techniques as principal
component analysis (PCA) [2], linear discriminate
analysis (LDA) [3], independent component analysis
(ICA) [4], and support vector machine (SVM) [5]. Next
structural approach for face analysis using local binary
pattern (LBP) developed [6], which showed a high
discriminative power for texture classification due to its
invariance to monotonic gray level changes. After that,
many variants of LBPs have been introduced by many
other researchers and applied to many areas such as face
detection [7-9], face recognition [10-13], face
authentication [14-15], facial expression recognition [16],
gate recognition [17], image retrieval [18], age
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classification [19-22] and object detection [23]. To
address this face recognition issue, in this paper we
proposed a method, it evaluates LBP based Fuzzy matrix
on facial images and then statistical features are extracted
for face recognition. The remainder of this paper is
organized as follows. Section Il describes methodology.
In Section 11, the experimental results with comparison
are reported. Finally Section IV concludes this paper.

Il. METHODOLOGY

In this proposed method the color image is converted to
gray image, on this image the Local Binary Pattern (LBP)
is computed and then Fuzzy Logic is applied and Co-
occurrence matrix features are evaluated for face
recognition. This method is explained in the following sub
sections in detail.

Step-1: Local Binary Pattern

The LBP is computed on the image for obtaining local
neighborhood information of pixels [6]. The computation
of LBP is illustrated in figure 1. A 3x3 neighborhood
consists of a set of nine elements, P = {pc, po, p1,., Pr},
where pc represents the gray level value of the central
pixel and p; (0<i<7) represent the gray level values of
neighbor pixels. Each 3x3 neighborhood then can be
characterized by a set of binary values b; (0<i<7) as given
in equationl. For each 3x3 neighborhood, a unique LBP
is derived from the equation2.

0 Ap <0
1 Ap, =0

i

where Api= pi-pe (1)
i=7 .

LBP, . = > b, x2'
E @

Every pixel in an image generates an LBP code. A single

LBP code represents local micro texture information
around a pixel by an integer code in between 0 and 255.
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Fig. 1: Computation of LBP.
Step 2: Formation LBP based Fuzzy Matrix energy, and, local homogeneity on reduced local

The proposed method labels eight neighbors of a 3x3
neighborhood of LBP of image using five possible fuzzy
patterns or values {0, 1, 2, 3 and 4} derived from the fuzzy
code or representation as depicted in equation 3.The
element V; represent the LBP values of the eight
neighboring LBP values on a 3x3 neighborhood of LBP
textured image, Vo represents the LBP of central pixel, x
and y are the user specified lag values. The process of
evaluating fuzzy values on a 3x3 neighborhood of LBP
image is shown in figure 2. By repeating this process over
the entire LBP image, LBP based Fuzzy Matrix is
computed. This reduces the LBP values with range 0 to 4
values. This reduction is based on the assumption that the
face image classification is a data generalization process
and reducing local information variability to some extent
should not seriously influence the classification accuracy.
According to Narayanan et. al. [24], reducing data down
to 4 bits from 8 bits would still preserve more than 90
percent of the texture information content.
E,={0if V,<VyandV;<x 1if V;<VyandV;
>x 234 ififif Vi=V,V,
>V, Vi>Vy, andV; >y and V;

<y } fori

=123,..8 3)
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Fig.2: (a) LBP of image (b) Fuzzy values

Step 3: Evaluation of Statistical Features on LBP based
Fuzzy Co-occurrence Matrix (LBPFCM)

Grey level co-occurrence matrices (GLCM) introduced by
Haralick attempt to describe texture by statistically
sampling how certain grey levels occur in relation to other
grey levels [25]. One of the major inconveniences of
GLCM on the original images is the huge range of its
possible grey level values (0 to 255 or 1024 etc.) at the
same time that these values are not correlated. The present
method evaluates the feature set contrast, correlation,
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information LBPFCM. These features are computed
using the equations 4 to 7 on LBPFM in four directions
0°, 45°, 90° and 135° for effective face recognition.

contrast
N-1
= Z —In (P;)P;; 4) Energy
£,j=0
N-1
- —n (Py)? ©
i,j=0
Local Homogenity
N-1
= il 6 Correlati
= 15— (6) orrelation
i,j=0
N-1
(-wi-m
= Y. PUT (7
1,j=0

I1l. RESULTS AND DISCUSSIONS

The proposed method LBPFCM with statistical features is
applied for accurate recognition of human faces. This
method established a database of the 1002 face images
collected from FG-NET database and other 600 images
collected from the scanned photographs. Sample images
of each group of images are shown in figure 3

Fig. 3: Sample images from FG-NET Database

The statistical features contrast, correlation, energy and
homogeneity are extracted on LBP based Fuzzy Co-
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occurrence Matrix of considered database images and the
results are stored in the feature vector. Feature set leads to
representation of the training images. Tables 1,2,3 and 4
represent the derived four features in four directions with
0° 45°, 90° and 135° orientation of LBPFCM on 5 facial
images. These 16 features are used as feature vector for
each face in recognition. The facial recognition algorithm
with this feature vector on LBPFCM is represented in
algorithm1. This algorithm is tested on considered facial
image data set and has shown 98% successful recognition
rate.

Table 1: Statistical feature set on LBPFCM 0° of facial
images.

S.no n;m:ge Contrast | Correlation | Energy Hor;ogeneit
1| QAL I8 gqane | 04| 075668
2| M0 | eaes03 | 01253 | 41| 088080
3 | 90 | 7s231 | oasist | G| osgerst
a | 0P | saarsz | oaesu | 0% | ossin2
s | WPAD [ AW | oocns | OAB | oo

Table 2: Statistical feature set on LBPFCM 45° of facial
images.

S.no Lr::]%e Contrast | Correlation | Energy | Homogeneity
) 00IAL | 16.2826 |  o,co 04583 | o 20004
6 4 4
2 001202 | 6.67326 | 0.05369 2'7384 0.88083
3 gOZAO 839451 | 0.05203 (1)'6773 0.8501
4 ZOZAO 9.64953 | 0.06206 8'6318 0.82769
5 goon é5'2794 -0.02505 | 0.4812 | 0.72715

Table 3: Statistical feature set on LBPFCM 90° of facial
images.

Homogeneit

Sn Image Contrast | Correlation | Energy | Homogeneity
0 name

| | O0IAL | 153106 | ..o | 04613 0.7266

6 2 9

2 | 001a02 | 6.33531 | 0.10162 (;7435 0.88687

3 0302A0 7.81484 | 0.11754 (2'6852 0.86045

4 (LOZAO 9.03904 | 0.12143 (16396 0.83859

; 0502A0 12.5839 002161 (;.4867 073957

Algorithm 1: Face recognition algorithm on LBP
based Fuzzy Co-occurrence Matrix using statistical
features.

Begin

Input: The test facial Image.

Stepl: Convert the given test image into LBP based
Fuzzy Co-occurrence Matrix.

Step2: Evaluate the contrast, correlation, energy and
homogeneity features on LBPFCM of test images.
Step3: Find the difference between test image features
with existing feature vector of the feature library.
Step4: If difference is zero or falls within the small
range then test image is matching with the database
image or the test image is recognized.

End

The proposed method Statistical Features on LBP
based fuzzy matrix is compared with other existing
methods like Statistical Texture Features by Vijaya
kumar et.al. [26] and fuzzy rule for face detection by
Moallema et.al. [27] and FIDRSP model by P.
Chandra Sekhar Reddy et.al. [28]. The percentage
mean recognition rate for the proposed and other
existing methods is shown in Table 5.

Table 5. The face recognition rate by the proposed and
other existing methods.

Image | Contras | Correlatio Energ e

S.no name h . y v Image Statistical Fuzzy rule FIDRSP Proposed
Texture for face

1 001AL 1 119086 | 0.24521 | 949% | 078574 o 0% | Features | detection “;‘;"e' EESEM

6 ' ' 7 ' se [26] [27] [28]

001a0 0.7705 FG-
2 ) 4.48703 | 0.37409 1 0.91987 NET 94 96.7 100 100
3 gOZAO 6.14204 | 0.31333 2'7078 0.89032 ica””e 03 94 975 98
4 EOZAO 720851 | 030454 | 0.663 | 0.87128

IVV. CONCLUSION
5 goon 13.1265 0.12031 g.4993 07656
. The proposed SF on LBPFCM method gathers local
Table 4: Statistical feature set on LBPFCM 135° of prop g

facial images.

information of facial image and then fuzzy matrix is
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computed. This LBPFM contains values only from set
{0, 1, 2, 3, 4}, reducing the overall complexity in co-
occurrence matrix formation. The proposed method
only by evaluating four statistical features of
LBPFCM has shown a good recognition rate. By
comparing the performance of the proposed method
with the existing methods, it shows that our method is
best suited for face recognition system.
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