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Abstract
Objectives: Automatic face recognition has been an important area of bio-
metric authentication and verification system in various applications including
crime detection, access control, video surveillance, tracking service and other
related area. Methods/Statistical analysis: In this study, we present Grey
Level Co-occurrence Matrix (GLCM) over Local Binary Patterns (LBP) named as
GOL texture feature technique for face classification. The experiments have
been conducted on AT & T Cambridge Laboratory face images also called
(ORL-faces) and Georgia Tech (GT-faces) databases respectively. Findings: We
performed comparative analysis of GLCM and LBP method separately and
results showed that proposed GOL method outperformed in terms of average
sensitivity, average specificity, and retrieval time. These findings show efficacy
of our proposed system.
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1 Introduction
Since last two decades, automated face recognition remains amost challenging research
area in the field of computer vision, human computer interaction and pattern recogni-
tion. Human face provides a unique information, which is required in various tasks,
such as human crime detection, personal verification for access control, video surveil-
lance for individual person identification, tracking service for monitoring employee’s
hours and besides other related scenarios (1–4). Until now various face recognition sys-
tems have been suggested by different researchers. However, these systems fail to rec-
ognize human face in uncontrolled environment, such as small changes due to illu-
mination, pose variation, facial expression and view point (5). Therefore, it is difficult
to develop a face recognition system which could provide high accuracy with a good
retrieval of time. Typically, a face recognition system is divided into three modules: 1)
image capture, 2) feature extraction and 3) classification. Figure 1 depicts the algorithm
work flow.
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Fig 1. Face recognition system

As shown above, initially face image is given as input to recognition system and then image is captured by the biometric
sensormodule. After that feature extraction is carried out for the face image. Finally, featurematching is achieved from database
images to recognize the face image.

The aim of this research work is to classify face images using texture features. For this purpose, GLCM and LBP texture
methods have been used to extract statistical and structural features. Also, they are combined together to form a new method
named as GOL. Similarly, they are tested for face images databases separately. The rest of this paper is arranged as follows.
Section 2 presents the literature review related to face recognition system. Section 3 introduces themethodology of the proposed
method. Section 4 illustrates the experimental results and discussion. Section 5 evaluates the performance of face recognition
method on the databases. Section 6 provides the conclusion and future work.

2 Literature Review

The past face recognition techniques have been proposed based on color and texture features. Madan et al. (6) provided a com-
prehensive overview on face recognition technique and also suggested future directions to work in this area. Face recognition
system using texture features was proposed by Ahonen et al. (7), in which a face image is divided into blocks and from each block
LBP texture features are extracted. Then these features are combined together to represent global image descriptors. Similarly,
face recognition using invariant features was suggested by Li et al. (8) in which near infrared image device was implemented to
minimize illumination effect on face images. For texture features, LBP method was used with Adaboost learning. Moreover,
Hadid and Pietikäinen (9) implemented spatiotemporal LBP for dynamic texture analysis for face gender classification from
video sequences. Face detection from color images was suggested by Phuong-Trinh et al. (10), where LBP was used for texture
features for local and global shape analysis and also spatial descriptors from face images.

GLCM for face recognition was presented by Eleyan and Demirel (11), in which fourteen Haralick were employed on face
images that describe the pixel intensities as well as relative position of neighboring pixels for classification. Furthermore, extrac-
tion of color and texture for face images was investigated by Baek et al. (12), authors suggested the part based head and shoulder
detection which was obtained by skin color and LBP texture features. Moreover, Liao et al. (13) proposed face recognition using
multi scale binary pattern, this involves dividing an image intomulti blocks and then location information related to each block
for obtaining pixels intensities was achieved. In (14) illustrated graph based approach for face recognition where a reference face
graph (RFG) technique was used to recognize unknown face from the database.Whereas some researchers have suggested deep
learning and neural network approaches for face recognition (15–19)

3 Proposed scheme
In this paper, two algorithms namely: GLCM and LBP have been implemented separately for face recognition. And they are
combined together to obtain a fused GOL method as shown in Figure 2. The main algorithm steps of face recognition are:

Step 1: Firstly, a query face image is inputted to the system.
Step 2:Then pre-processing techniques are applied including image normalization and color space conversion.
Step 3: Face image texture features are extracted using LBP and GLCMmethod and also with combined GOL method.
Step 4: Finally, obtained results from each methods are compared with each other.
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Fig 2. Algorithm for face recognition

3.1. Face feature extraction

Automatic face recognition employs Digital Image Processing and machine learning techniques. And they are classified into
four types: Holistic or Appearance based, Template based, Part based, and Feature based (20). This paper presents feature based
approach for face recognition using GLCM and LBP texture methods.

3.1.1. Local Binary Patterns (LBP) m ethod

Fig 3. BP for Face Description

LBP is a technique for texture classification, which was first proposed by Ojala et al. (21), and successfully used in real time
face recognition. Also, this algorithm is computationally inexpensive because it describes the gray scale contrast and provides
local spatial pattern for two- dimensional as well for image texture analysis this has been shown in Figure 3.

Initially face image is converted into gray scale and divided into 16 non-overlapping equal blocks. A 3 x 3 matrix is applied
over each block. Then LBP histogram is generated from each block separately to describe the local texture features. Finally,
features are combined together global feature histogram of face image.

3.2 Gray Level Co-Occurrence Matrix (GLCM) method

GLCM is a statistical method for texture analysis, which was first proposed by Haralick et al. (22). It highlights the image texture
by the computation of co-occurrence pairs of pixels those having unique value with respect to specified spatial relationship.
And this relation is obtained on different offsets and angles. In Figure 4, color image is converted into gray scale and divided
into 16 equal overlapped blocks. The statistical moments such as entropy, energy, contrast and homogeneity are drawn from
each block, which eventually gives the local view of texture features. Then each feature is concatenated together as to provide
the feature vector of GLCM image.
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Fig 4. GLCM for face description

3.2.1 Proposed Method
In this section, proposed method is explained with implementation of GLCM over LBP. As shown in Figure 3 extracted LBP
feature face image is further treated with GLCM. As a result they represent structural and statistical feature for face texture
classification. Similarly, in Figure 5 obtained LBP image is further divided into 16 equal sized overlapping blocks. And then
GLCM statistical moments are drawn from each block.These are entropy, energy, contrast, and homogeneity. Finally, obtained
features from each block are fused together, resulting in global texture image feature.

Fig 5. GOL feature image descriptor

3.3 Evaluation metrics for face recognition

Accuracy of developed face recognition system has been evaluated through statistical measures, these are sensitivity and speci-
ficity as shown in Equation (1) and (2). Efficiency of the system is also checked with retrieval time. However, similarity between
query face image and face images in the database have been compared with Euclidean distance.

Sensitivity = TP/ (TP+FN) (1)
Specificity = TN/ (TN+FP) (2)
In Equation (1 & 2) represents, TP = true positive, FN = false negative, TN = true negative, FP = false positive respectively.
Sensitivity and Specificity are checking accuracies of face recognition system to retrieve true positive and reject false positive

images from the database.

4 Results
Theexperiment results are demonstrated using two different face image datasets. One is GT face images and another is ORL face
images (23,24). Initially, LBP and GLCMmethods were tested separately, later with proposed GOL method. However, threshold
has been implemented to retrieve top 15 and top 10 most similar images from GT and ORL database respectively.
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4.1 Face image testing on Georgia Tech (GT) dataset

A query face image is given as input to GLCM method. Figure 6 shows that system retrieves total 15 face images out of them
10 and 5 are true positive and false positive respectively.

Fig 6. Image query using GLCMmethod

Fig 7. Image query using LBP method

The same face image is given as input using LBP method, where Figure 7 shows that it has retrieved only one relevant image
out of 15 images. In Figure 8, proposed GOL method has been tested on face image which recognizes 13 accurate images out
of 15 images.
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Fig 8. Image query using proposed method

4.2 Face image testing on ORL d ataset

In this section, further investigation has been carried out using ORL dataset. Similarly, in Figure 9, input face image has been
given to system using GLCMmethod, in which it provides 7 and 3 for true positive and false positive images out of 10 images
respectively.

In figure 10 LBP method has been tested on face image. The obtained results show that it has retrieved 3 true positive and 7
false positive out of 10 images.

Fig 9. Image query using GLCM
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Fig 10. Image query using LBP method

Finally, the proposed GOL method has been tested, Figure 11represents results that it retrieved 10 true positive out of 10
images i.e., all are correct.

Fig 11. Proposed GOL method
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5 Performance Evaluation
In this section, performance of face recognition system has been evaluated using average sensitivity, average specificity and
retrieval time. It can be examined from Table 1 that average sensitivity generated by GLCM and LBP on GT and ORL datasets
are 41.33%, 30% and 46.75%, 41.75% respectively. The specificity of the system in terms of false positive face image rejection
on GT and ORL datasets are 793.51 %, 92.25% and 98.25%, 98.64% respectively. Also average time retrieval generated by each
method is approximately similar.

Table 1. Performance of Face Recognition System

Data set Face recognition
accuracy

Face recognition method
GLCM LBP Proposed GLCM (LBP) Comments

GT
Average retrieval time 1.306 sec 1.334 sec 1.309 sec Approximately equal
Average sensitivity 41.33% 30.00% 59.33% Big improvement
Average specificity 93.51% 92.25% 95.33% Big improvement

ORL
Average retrieval time 0.512 sec 0.55 sec 0.520 sec Approximately equal
Average sensitivity 46.75% 41.75% 59.75% Big improvement
Average specificity 98.61% 98.48% 98.95% Big improvement

The average sensitivity and specificity obtained through proposed GOL method are 59.33%, 59.75% and 95.33%, 98.95%
respectively, which are quite higher than single GLCM and LBP method. However, average retrieval time is also equal.

5.1 Comparative analysis on databases

In this section, we have performed comparative analysis of face recognition over GT and ORL facial dataset. The Figures 12
and 13 represent generated graphs of average specificity, average sensitivity on GT dataset. In addition, graph is divided into 10
face classes having each 10 subject images. Visual analysis reveals that proposed GOL technique better as compared to GLCM
and LBP method.

Fig 12. Average specificity of proposed, LBP and GLMmethod

However, Figure 14 depicts that efficiency of the proposed GOL method in terms of average retrieval time on GT dataset is
approximately similar.

The Figures 15 and 16 show generated graphs on ORL facial database. Graph is divided into 40 face classes each having
20 subject images. Visual analysis provides that the accuracy of GLCM and LBP method in terms of average sensitivity and
specificity is quite lower than compared to proposed GOL technique.

However, the average retrieval time of GOL method as shown in Figure 17 is comparatively similar to GLCM and LBP
method.
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Fig 13. Average sensitivity of proposed, LBP and GLCMmethod on GT database

Fig 14. Average retrieval time of proposed, LBP and GLMmethod on GT database

Fig 15. Average specificity of proposed, LBP and GLMmethod on ORL database
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Fig 16. Average sensitivity of proposed, LBP and GLCMmethod on ORL database

Fig 17. Average retrieval time of proposed, LBP And GLMmethod on GT database

6 Conclusion and Future Work
Feature extraction remains most challenging in the context of face recognition since last few decades. In this paper, face recog-
nition systemwas developed using a newmethod called GOL texture features for ORL and GT facial images databases. In order
to evaluate the proposed system separate investigation was performed using GLCM and LBP for similar databases. The perfor-
mance of each face recognition method was judged through their average specificity, average sensitivity and average retrieval
time. After comparative analysis accuracy of the proposed GOLmethod was quite higher than separate GLCM and LBP meth-
ods.The obtained results of GLCM and LBP were also compared with the results of the proposed method and the results reveal
that the proposed method is a better method for face recognition system.
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