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INTRODUCTION

 
In biometrics, face recognition is one of the 

important applications. Face recognition is an 
emerging research as it has many challenges. Face 
image consists of biological information in which 
any statistical methods can be used to know the 
information. Face recognition [DDA] has many 
challenging issues: variable factors like alterations in 
scale, location, pose, aging, facial expression, 
occlusion, lighting conditions, disguises such as 
facial hair, glasses or cosmetics and overall 
appearance of the face. In each of the challenges, 
several researches are going on.  Face recognition 
[NTE 10]  process consists of two main phases: 
Feature extraction and classification. Feature 
extraction is an important task as it tells the feature 
of the facial image. There are several feature 
extraction techniques in spatial domain and 
frequency domain. Feature extraction [PRO] can be 
broadly classified into three categories: 
Feature-based Approach, Holistic approach and 
hybrid approach.  

The local feature such as nose, eyes and their 
geometric relationships are analyzed in geometry 
feature-based approach and is also known as feature 
based approach [WVO 96]. The holistic approaches 
are based on Principal Component Analysis (PCA) 
and these approaches take into account 
face region as input data [SDH 12]. Some of the 
techniques under this approach are Eigen faces, 
fisher faces, support vector machine, Hidden
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A B S T R A C T  
Face Recognition plays a vital role in many security systems. Face recognition has 
many challenging tasks as the facial images contain many poses, gestures and so on. 
This objective of this paper is to implement an efficient face recognition technique. In 
this paper, a face recognition technique is implemented that extracts Gabor features in 
biorthogonal wavelet coefficients and classifies using back propagation neural network. 
This combined approach is tested with AR and ORL database for different 
decomposition levels. Experimental results substantially proved that this combined 
technique achieve better recognition rate in first decomposition level than the existing 
techniques. 
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In biometrics, face recognition is one of the 
important applications. Face recognition is an 
emerging research as it has many challenges. Face 
image consists of biological information in which 
any statistical methods can be used to know the 
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scale, location, pose, aging, facial expression, 
occlusion, lighting conditions, disguises such as 
facial hair, glasses or cosmetics and overall 
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several researches are going on.  Face recognition 
[NTE 10]  process consists of two main phases: 
Feature extraction and classification. Feature 
extraction is an important task as it tells the feature 

re several feature 
extraction techniques in spatial domain and 
frequency domain. Feature extraction [PRO] can be 
broadly classified into three categories: Geometry 

based Approach, Holistic approach and 

se, eyes and their 
geometric relationships are analyzed in geometry 

also known as feature 
holistic approaches 

are based on Principal Component Analysis (PCA) 
and these approaches take into account the whole 
face region as input data [SDH 12]. Some of the 
techniques under this approach are Eigen faces, 
fisher faces, support vector machine, Hidden-Markov 

Model (HMM) [SDH 12]. The hybrid approach 
parameters are the combination of local feature and 
global feature and modular Eigen face, hybrid local 
feature methods come under this category [HDE 86]. 

In face recognition, the human facial feature 
plays a vital role and the research studies have 
proved that eyes, mouth and nose are the most 
noteworthy features for recognition [HDE 86].

In frequency domain, several features can be 
easily extracted when the image is transformed to 
wavelets. The wavelet transform has enormous 
applications in image processing like enhancement, 
filtering, compression and it has 
biometrics especially in face recognition. The 
features of wavelet transform are multi resolution 
property, flexibility in choosing bases and low 
computational complexity.  

In 2012, face recognition is done in Discrete 
Wavelet Transform (DWT) domain which utilizes 
Haar wavelet and bi-orthogonal wavelet for feature 
extraction and uses Euclidean distance, L1 measure 
for classification and the Euclidean distance measure 
produce better recognition result as compared to L1 
distance measure when Haar transform is used.

In the same year 2012, another face recognition 
technique is proposed which uses Gabor wavelet 
transform for feature extraction and back propagation 
neural network model for classification and this 
approach produces efficient result there by reduci
the user’s effort [BMV 12]. In 2013, a robust face 
recognition system is proposed comprising of Haar 
wavelet Transform for image decomposition, 

 

 

Principal, Mar Ephraem College of Engineering and Technology, Elavuvillai, 

orthogonal Wavelet, Gabor Features 

629 171,  Tamil Nadu, India. 
627 853, Tirunelveli District,  Tamil Nadu, India.  

a vital role in many security systems. Face recognition has 
many challenging tasks as the facial images contain many poses, gestures and so on. 
This objective of this paper is to implement an efficient face recognition technique. In 

ognition technique is implemented that extracts Gabor features in 
biorthogonal wavelet coefficients and classifies using back propagation neural network. 
This combined approach is tested with AR and ORL database for different 

ntal results substantially proved that this combined 
technique achieve better recognition rate in first decomposition level than the existing 

© 2015 AENSI Publisher All rights reserved. 
An Efficient Face Recognition Method Using Bi-orthogonal Wavelet, Gabor 

Model (HMM) [SDH 12]. The hybrid approach 
parameters are the combination of local feature and 

al feature and modular Eigen face, hybrid local 
feature methods come under this category [HDE 86].  

In face recognition, the human facial feature 
plays a vital role and the research studies have 
proved that eyes, mouth and nose are the most 

ures for recognition [HDE 86]. 
In frequency domain, several features can be 

easily extracted when the image is transformed to 
wavelets. The wavelet transform has enormous 
applications in image processing like enhancement, 
filtering, compression and it has a significant role in 
biometrics especially in face recognition. The 
features of wavelet transform are multi resolution 
property, flexibility in choosing bases and low 

In 2012, face recognition is done in Discrete 
rm (DWT) domain which utilizes 

orthogonal wavelet for feature 
extraction and uses Euclidean distance, L1 measure 
for classification and the Euclidean distance measure 
produce better recognition result as compared to L1 

transform is used. 
In the same year 2012, another face recognition 

technique is proposed which uses Gabor wavelet 
transform for feature extraction and back propagation 
neural network model for classification and this 

esult there by reducing 
In 2013, a robust face 

recognition system is proposed comprising of Haar 
wavelet Transform for image decomposition, 



131                                                        
Advances in Natural and Applied Sciences

Principal Component Analysis (PCA) for feature 
extraction and Back Propagation Neural Ne
(BPNN) was used for classification and this approach 
reduces the execution time there by increasing the 
acceptance ratio [PNA 13].   

In 2014 another face recognition approach, that 
has the ability to extract face direction information 
effectively, is proposed that utilizes 
directional weighted local binary pattern and the 
extracted characteristic vector classification was 
done by Chi-square [FEN 14] .In order to 
the recognition rate robustness, the proposed method 
uses Gabor features in biorthogonal wavelet domain 
for feature extraction phase and back propagation 
neural network model for classification phase.

 
 

Fig. 1: System Architecture 
 
From the transform coefficients, only low 

frequency coefficients are given to the next phase. In 
the Face detection phase, features are extracted using 
Gabor coefficients. In the feature recognition phase, 
features are trained, analyzed and classified using 
back propagation neural network.  

 
2. Pre-Processing and Feature Extraction
2.1. Pre-processing: 

Wavelets represent more features of an image 
than spatial coefficients. Hence, the input facial 
image is converted into wavelet transform. There are 

 

Fig. 2: Two –channel Biorthogonal wavelet transf
 
Low spatial frequency bands play a dominant 

role in face recognition [CHA 03] . Nastar et al. have 
analyzed the relationship between variations in facial 
images and they found that not only facial 
expressions and small occlusions aff
manifold locally but also changes in pose or scale of 
a face affect the intensity manifold globally [SDH 
12]. 

Lai et al proposed that the low
components are sufficient for face recognition to 
filter natural difference in the ima
person [CHA 03]. 
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directional weighted local binary pattern and the 

characteristic vector classification was 
In order to enhance 

the recognition rate robustness, the proposed method 
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for feature extraction phase and back propagation 
neural network model for classification phase. 

The paper organization is as follows. Section 2 
describes the proposed system and Section 3 
comprises of pre-processing of fac
feature extraction using Gabor wavelets. Section 4 
illustrates neural network based classification. 
Section 5 presents the experimental results and 
discussion followed by conclusion in Section 6.

 
1. System Architecture: 

The overall system architecture is shown in Fig. 
1. It consists 3 phases: Pre-processing, Face detection 
and  Face Recognition.  

 
In the pre-processing phase, the facial images 

are transformed into bi-orthogonal wavelets. 

 

From the transform coefficients, only low 
frequency coefficients are given to the next phase. In 
the Face detection phase, features are extracted using 
Gabor coefficients. In the feature recognition phase, 

and classified using 
   

Processing and Feature Extraction: 

Wavelets represent more features of an image 
than spatial coefficients. Hence, the input facial 
image is converted into wavelet transform. There are 

many wavelet transforms introduced so far. In the 
last decade, there are varieties of Face recognition 
method that uses wavelet coefficients. The bi
orthogonal wavelet 6.8 is used in this work. The 
design of bi-orthogonal wavelet 

In the bi-orthogonal wavelet transform [CHA 
03], the associated wavelet transform is invertible but 
not necessarily orthogonal. The bi
wavelet has the following properties:

1. Minimum number of vanishing moments 
(which is 2 for any linear phase odd length filter)

2. Two degrees of freedom
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components are sufficient for face recognition to 
filter natural difference in the images of the same 

2.2 Feature Extraction: 
The low frequency coefficients obtained from 
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extracted using Gabor coefficients.
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 (- =total orientation, n=0,1,... K-1).  
An input image .(�, �), �, � ∈  0,  
where 0 is the set of image points is convolved 

with a 2-D Gabor function ℎ(�, �), �, � ∈  0 to 
obtain a Gabor filtered image as follows: 

 
   .12,3(4, 5) = ∑ ∑ .7(4 − 8, 5 −  9)ℎ�,�∗; (8, 9) <      
(3)  

 
Where 
 = = 0,1, … , @ − 1, A = 0,1, … , - − 1 
 - is number of orientations and @ is number of 

scales. 
 To extract Gabor features there are several post-

processing techniques such as Complex Moments 
Features and Gabor - Energy Features. In this work, 
the Gabor- Energy Features are used. It is designed 
by having number of orientations -, the number of 
scales @, and the upper and lower centre frequencies 
$B  and $C respectively. 
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The mean of the energy of the Gabor filtered 

image is obtained as  

V�� = ∑ ∑ WXY2,3(�,�)WZ[
\ × ^                                             (6) 

                                                                        
where  _, U are height and width of the image 

respectively. The following parameters were used as 
the initial conditions: @ = 4, - = 8, $B = 0.75 and 
$C = 0.125.  

The extracted features of lower coefficients of 
the input images are given as 

 
e = f #� #� #g  …  #hi                               (7)  

where b is the number of the input images.  
 

Classification: 
The features classification was done by Back 

Propagation Neural Network (BPNN). Since facial 
images have more features to be learned, it needs 
some training. Neural network is the best method for 
training and classification.  

The BPN network comprises of input layer, 
hidden layer and the output layer as shown in fig 3.

 
 

 
Fig. 3: Back Propagation Neural Network 

 
The feature vectors are propagated to each node 

by the input layer and output values computed in 
middle layer nodes are given to the output layer and 
the output layer node calculate the network output 
for the particular feature vector is shown in fig. 3. 

In BPNN method, weights can be initialized and 
random values of weights lead to error. Weights are 
initialized through series of training. By analyzing 
the error, weights are changed and given back to 
input layer. Error is computed for output layer nodes 
and middle layer nodes. The percentage of error in 
middle layer node depends upon the value of weight 
assigned to the connection between them. 

The steps in BPNN training algorithm are 
summarized as follows: 

1. Neural network is trained with features.  
2. The actual output and desired output 

computed from the features are compared. 

3. The error computation is done in each output 
neuron.  

4. The output value is determined for each 
neuron corresponding to the feature vector and 
weights are adjusted to match with the desired 
output. 

5. The weight adjustment is done for each 
neuron to reduce the local error.  

6. Until the desired output is obtained, the 
procedure is repeated from step 3. 

In the proposed method, number of hidden 
layers is varied and the results are observed. After 
several experiments, 45 hidden layers and 40 output 
layers showed better results. Hence, the forth-
mentioned numbers of hidden and output layers are 
used for further analysis. 

 
4. Experimental Results: 
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A wide variety of facial databases are available 
for evaluating face recognition algorithms. This 
paper uses AR face database and ORL face database.  

In AR face database, 50 people face images, out 
of the totally 70 men and 50 women face images, 
were chosen for training and testing. Among the 50 
people, 12 images without shelter in each 24 pictures 
are also selected. Within the selected 12 images, 6 

were used for training and the remaining 6 were used 
for testing.  

In ORL face database, it selects the volunteers in 
the experiment with 5 images for training and 5 
images for testing. The number of  training images 
are reduced to analyse the classification both in AR 
and ORL database 

 

 
 

Fig. 4: Recognition rate for various decomposition levels 
 
Recognition rate is calculated and compared 

with the existing techniques. Experiments were 
conducted for various decomposition levels. Results 
are shown in fig. 4. 

From the figure 4, it is concluded that 
recognition rate is optimal when decomposition level 
is 1. This is due to the fact that more decomposition 

level leads to less resolution images. Features 
extracted from wavelet coefficients with more 
decomposition level are lesser than the features 
extracted from less decomposition level. Hence, for 
further analysis, decomposition level one is used. 
This proposed combined approach is compared with 
recent face recognition methods. 

 
Table 1: Recognition Rate comparison of the proposed method with existing techniques 

Method 
Recognition Rate (%) 
AR ORL 

Haar + PCA 94.2 93.5 
Haar + LBP 97.1 96.3 
Haar + RDW-LBP 98.4 98.7 
Proposed Method 98.8 99.0 

 
Table 1 depicts the comparison of the proposed 

method and the existing methods. Results of the 
existing methods are taken from [FEN 14]. The 
methods used in [FEN 14]  are discussed in Section 
1. 

In Table 1, the first 3 methods use Haar wavelet 
with decomposition level 2.  And in [FEN 14], the 

horizontal components are used for feature 
extraction. Among these three methods, Haar + 
RDW-LBP (Regional Directional Weighted – Local 
Binary Pattern) method performs better. But the 
proposed method overweighs Haar + RDW-LBP 
method in both the databases. 

 
Table 2: Recognition Rate achieved in number of images reduced 

No. of training images/ Database Recognition Rate (%) 

N=4 N=3 N=2 N=1 

AR 98.7 97.6 97.3 96.1 

ORL 98.5 97.9 96.7 95.3 

 
Table 2 shows the recognition rate achieved 

when the training images are reduced from 4 to 1 in 
ORL and AR database. 

When comparing Table 1 and 2, it is concluded 
that the proposed method achieves better recognition 
rate when the number of training images are 5. 
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Fig. 5: Comparison of recognition rate for the proposed method with existing techniques in ORL database 
 
From figure 5, it is evident that the proposed 

method achieves better recognition rate than the 
existing techniques.  

The proposed method is also compared with the 
results obtained in [PWA 12] for ORL database 
alone. For this comparison, the proposed method 
uses all 400 images from ORL database.

  
Table 3: shows the recognition rate comparison. In  [PWA 12] low frequency components are used for feature extraction in first level 

wavelet decomposition. 
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Recognition Rate(%) 89.42 80.57 77.14 82.85 90.21 

 
Table 3. Recognition Rate comparison of 

proposed method with the existing technique in ORL 
Database 

 
Conclusion: 

Among the several Identification systems, face 
recognition is an important application. As face 
recognition has many challenges, many researchers 
are undergoing research in this field.  

This paper mainly focuses on efficient face 
recognition technique which combines bi-orthogonal 
wavelet, Gabor feature extraction and back 
propagation neural network. This method is 
compared with the recent existing face recognition 
algorithms. Experimental results proved that the 
proposed method gives better recognition rate than 
the existing algorithms. 

 In future, curvelet transform can be 
implemented to further extract the feature which in 
turn can be given to BPNN. And, it is best to use 
single image for training. 

 
REFERENCES 

 

Chengjun Liu, Harry Wechsler, 2003. 
“Independent Component Analysis of Gabor 
Features for Face Recognition”, IEEE Transactions 
on Neural Networks, 14: 919-928. 

Davide Maltoni, Dario Maio, Anil K. Jain, Salil 
Prabhakar, Handbook of Fingerprint Recognition 
(Springer), pp: 3. 

Neil Yager and Ted Dunstone, The Biometric 
Menagerie, 2010. IEEE  Transactions   On Pattern 
Analysis And Machine Intelligence, 32(2): 220-230. 

Website: http://www.bromba.com/faq/biofaqe 
Wiskott, L. and C. von der Malsburg, 1996. 

Recognizing faces by dynamic link matching, 
Neuroimage, 4: 514-518. 

Ellis, H.D., 1986. Introduction to aspects of face 
processing: Ten questions in need of answers, in 
Aspects of Face Processing, H. D. Ellis, M. Jeeves, 
F. Newcombe, and A. Young Eds. Dordrecht: 
Nijhoff, pp: 3-13. 

Sanjeev Dhawan, Himanshu, 2012. A review of 
Face Recogntion, IJREAS 2(2). 

Pallavi D. Wadkar, Megha Wankhade, 2012. 
Face recognition using discrete wavelet transforms, 

70

75

80

85

90

95

R
e

co
g

n
it

io
n

 R
a

te
(%

)

Method



135                                                        Dr A Lenin Fred and S Wilson, 2015 
Advances in Natural and Applied Sciences, 9(12) August 2015, Pages: 130-135 

 

International Journal of Advanced Engineering 
Technology, 3(1): 239-242. 

Balamurugan, V., Mukundhan Srinivasan, A. 
Vijayanarayanan, 2012. “A New Face Recognition 
Technique using Gabor Wavelet Transform with 
Back Propagation Neural Network, International 
Journal of Computer Applications (0975 – 8887) 
49(3): 41-46. 

Prachi Agarwal, Naveen Prakash, 2013. An 
Efficient Back Propagation Neural  Network Based 

Face Recognition System Using Haar Wavelet 
Transform and PCA, International Journal of 
Computer Science and Mobile Computing, 2(5): 386-
395.ES 

Wu Fengxiang, 2014. Face Recognition Based 
on Wavelet Transform and Regional Directional 
Weighted Local Binary Pattern, Journal of 
Multimedia, 9(8): 1017-1023. 

 


