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ABSTRACT  
In the age of rising crime, there is a critical need for high security. Biometrics has now gained a lot of attention. Facial 
biometrics is a method that can identify a specific individual in a facial image by analyzing and comparing patterns. Hence 
position-specific discriminative information can be exploited for face representation using Joint feature learning method. 
Having learned these feature projections for different face regions, spatial pooling is performed for face patches within each 
region to enhance the representative power of the learned features. Moreover, JFL model is stacked into a deep architecture to 
exploit hierarchical information for feature extraction and it further improves the recognition performance. In this paper, the 
extension of LBP algorithm is proposed. LBP is normally sensitive to noise and Local Ternary pattern partially solves this 
problem by encoding the minimum pixel difference into a separate state. The minimal pixel difference may be easily 
overwhelmed by noise. Thus, it is difficult to accurately determine its sign and magnitude. In this paper, concept of uncertain 
state is introduced to encode the small pixel difference. Robust Local Ternary Pattern is combined with JFL for better feature 
extraction and to improve the robustness to image noise.  
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1. INTRODUCTION 
Facial biometrics recognition system is a computer based digital technology and is an active area of research nowadays. 
It has various applications like authentication systems, security systems and searching of persons. These applications 
are cost effective and it reduces time consumption. In past few years, several face recognition techniques are proposed 
with varied algorithms and are implemented successfully. The ability of training and identifying the object images are 
converted into machine systems using the Artificial Neural Networks. The function of the facial image recognition 
system is to compare the person’s face which is to be recognized with the faces already trained in the Artificial Neural 
Networks .The best matching face as output even at different lighting conditions, viewing conditions and facial 
expressions are considered for matching database. Rapid development of face recognition is due to active development 
of algorithms, large image database and the process of evaluating the performance recognition algorithms [12], [2]. 
Hence Facial Recognition Technology (FRT) has emerged as an easy solution to address many requirements for 
identification [1] and verification of identity claims. Smartphone face representation capacities include object 
tagging, social networking integration purposes and personalized marketing. 
Facial image representation schemes can be divided into local and global. Most global feature learning approaches are 
based on Principal components representation of the facial image intensities. This representation scheme was brought 
first for object image compression and also used for recognition purposes. Later this was denoted as eigenfaces for this 
type of representation. Human face is represented as a vector of intensities and this is then approximated as a sum of 
basis vectors.  
Recognition algorithms can be mainly divided into geometric and photometric. Geometric approach looks at the 
distinguishing features whereas photometric is a statistical approach that changes an image into values and this value is 
used to compare with templates so that variances are eliminated.  
Recent Face recognition algorithms include PCA using eigenfaces, LDA, Elastic Bunch Graph matching and 
Multilinear Subspace learning using tensor representation etc. 

 
Figure 1 Face recognition Block diagram 
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The following methods are the basic approaches for face recognition  
1) Feature representation approach 
    In this approach, local features like nose and eye are segmented and can be used as input data in face recognition. 
2) Holistic approach 
    In case of Holistic approach, the whole face is considered as data input.  
3) Hybrid approach 
     It is the combined approach of feature based and holistic. Both local and whole face is used as an input to face 

detection system. 
 

 
Figure 2 Face recognition algorithm classifications 

1.1 Different Existing Approaches 

1.1.1 Principal Component Analysis 
Eigenface is a practical approach for face recognition and it is very easy to implement. It helps in efficient processing of 
time and storage. PCA helps in reducing the dimension size of an image in a minimal period of time [14]. There is a 
high correlation between the training data and the data that is recognized. The accuracy of this algorithm depends on 
many things. Considering the pixel value as prominent feature used for comparison in case of feature projection, the 
accuracy would decline with changing light intensity. Preprocessing of image is a must to achieve desired result. The 
advantage of this algorithm is that the eigenfaces were used exactly for the purpose which makes the system very 
efficient. The size and location of each face image should remain similar which is the main limitation of this algorithm. 

1.1.2 Independent Component Analysis 
Independent Component Analysis is similar to PCA algorithm. The only difference is that the distribution of the 
components are said to be non-Gaussian. This analysis separates the higher order moments of the input. Both the 
algorithms lead to a similar performance. ICA representations are designed to increase the information transmission in 
the presence of noise. Due to this feature, they are robust to few variations such as lighting conditions and facial 
expression. This can be considered as forms of noise with respect to the main source of information. The facial 
recognition analyzed during different days is highly recommended because most applications of face recognition 
contain the noise inherent in evaluating the images collected on a different day from the sample images. The 
disadvantages of Fisherface are that it is more complex than Eigenface in finding the projection of face space. As better 
classification is taken into account, the dimensional projection in face space is not as compact as Eigenface which 
results in increasing storage of the face and more processing time in recognition. 

1.1.3 Elastic Graph Matching 
The general process is to compare graphs with images and based on this new graphs are generated. A labeled graph has 
a set of jets which are arranged in a provided spatial order. The image jets also have the same spatial arrangement 
which is available in the graph jets and each image jet relates to one graph jet [14]. In contrast to PCA using eigenface 
method, the elastic bunch graph matching technique treat one vector per feature of faces. The advantage of this method 
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is that any change or missing of any one feature does not mean that the person will not get recognized. When a new 
face image is added, no additional effort is needed to modify templates because it is already stored. It is made possible 
to recognize a person up to rotation of 22 degrees. It is very sensitive to lighting conditions and also several graphs 
have to be placed manually on the face. When the changes in lighting are high, the resulting feature extraction will 
have a significant decrease in the recognition rate. 

2. RELATED WORK 

In this section, three algorithms related to feature extraction are discussed.  

2.1 Joint Feature Learning 

Supervised face recognition systems utilize local binary patterns and Gabor features as conventional feature descriptors 
for face recognition.  This method is an unsupervised feature learning algorithm which is used to learn hierarchical 
feature representation [6] of the image database. 

 
Figure 3 Joint Feature Learning block diagram 

Since different facial regions have unique physical characteristics, different dictionaries are used to represent them. 
This feature learning is used to exploit position-specific discriminative information for face recognition. Having learned 
all these feature projections and representations for different face regions, spatial pooling is performed for face patches 
to improve the representative power of the learned features. Moreover, JFL model is stacked into a deep learning 
architecture to study the hierarchical information for feature representation and face learning. This further improves the 
recognition performance. 

2.2 Local Binary Pattern 

LBP is a novel approach for face representation which considers both shape and texture data to represent face images. 
This type of recognition is done using a nearest neighbor classifier in the allocated computed feature space. LBP allows 
for very fast feature extraction and introduces a discriminative feature space which can be applied for both face 
detection and learning challenges. This is based on the concept that the local differences of the center pixel and its 
neighbors are independent of the central pixel itself. This theory consists of dividing an object image in several regions 
where the LBP features [15] are extracted from the facial image and combined into a feature vector which will be later 
used as facial descriptor. The main disadvantage of LBP is that it is sensitive to noise. Local Ternary pattern partially 
solves this problem. 

 
                                                   Binary 00111001 
                                                   Decimal 57 

Figure 4 Illustration of Local Binary Pattern 
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2.3 Local ternary patterns 
LTP are an extension of Local binary patterns. LTP uses a threshold constant to divide threshold pixels into three 
values. Considering the threshold constant and the value of the center pixel as k and c and then the neighboring pixel 
as p, the result of the threshold is, 
 

                               (1) 
In this above mentioned way, each has one of the three values [10]. Neighboring pixels are concatenated after 
thresholding into a ternary pattern. Calculating a histogram with these values will result in a large range and so the 
ternary pattern is being split into two binary patterns [11]. Histograms are brought together to generate a descriptor 
double the size of LBP. 

3. PROPOSED WORK 

RLTP algorithm is combined with JFL to increase the accuracy in case of feature extraction. 

3.1 Unsupervised Joint Feature Learning   

JFL uses K means clustering algorithm which is one of the unsupervised learning algorithm to solve the well-known 
clustering problem [8]. Robust and discriminative features are extracted to enlarge the inter-personal margins and 
intra-personal variations are reduced simultaneously. Usually Local feature descriptors are based on heuristics and 
computation is time consuming. JFL is used to learn data adaptive features directly from the raw pixel values. Shared 
information among different regions and position specific information are simultaneously exploited. 

3.2 Basic Joint Feature Learning and spatial pooling  

Each facial image is divided into T non-overlapped regions and feature representation for each region is learnt jointly. 
Then, the learned feature of the t th region is represented as Wt x, where x is a sample that consists of raw pixel values 
from the divided patch. The values of A and D are analyzed and found. [3]. 
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For each region, histogram feature can be extracted by using the corresponding codebook and it is used to concatenate 
the histogram features from all regions that are available and turn into a longer feature vector for face representation. 

3.3 K-means clustering algorithm 
The main idea is to define k center and representing one for each cluster. The better choice is to place the centers away 
from each other. Each point belonging to a given data set is taken and associated to the nearby center. When there is no 
point to be delayed, the first step is completed and an early group age is done. The loop has been generated in this case. 
As a result of this loop, the k centers are likely to move their location step by step until no more changes are to be done. 

2

1 1
)()( 

 


c

i

c

j
ji

i

vxVJ                                (3) 

3.4 Robust Local Ternary pattern     

In order to solve the problem of LBP and LTP, Robust LTP is used [5], [4]. Tristate code results in a histogram of many 
bins and hence it is a must to reduce its dimensionality. Two strong states which correspond to large pixel differences 
are to be minimally affected by image noise and more reliable. The noise easily overcomes the small image difference 
in State X and hence less reliable. Thus State X is deduced into the strong states. It is difficult to precisely determine the 
sign and magnitude of small pixel difference. The small pixel difference is equally likely to be positive and negative. 
Thus State X is encoded equally into two strong states, i.e. State 0 and 1 with equal probability. As a result, the trinary 
code is transformed back to the binary code. The maximum value of LTP and its compliment is taken for the removal of 
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intra-class variance which has been caused by the LTP due to the discrimination of bright object against gloom 
background and dark object against a bright background and this compliment makes the LTP code minimum which is 
desirable for face recognition. 

3.5 Stacked Joint Feature Learning     
The features extracted are combined for face recognition which is unique and better when compared with the feature 
extracted from a single individual layer. Each face image is divided into several non-overlapping regions and local 
features are learnt for each region [13]. Each face image is divided into one or more non-overlapping regions.  
Sampling is done in a number of small face image patches in the first region and flattens them into feature vectors [9] 
as the input to the first layer of the network. The weighting matrix is mapped to the first patches. The outputs of this 
combination can be obtained at the first layer and further outputs are available at the second layer for the other three 
patches, respectively [7]. Having extracted features at the first and second layers, the relative codebooks are learnt and 
the histogram features are extracted. Finally, the features are concatenated from different layers and different regions 
together as the final feature representation of the whole face image. 

 
Figure 5 Joint Feature Learning with RLTP 

4. RESULTS AND DISCUSSION 

The dataset should be selected so that it is specific to the property tested. By selecting any one of the images from the 
dataset, initial conversion of image into 4x4 is done. 
 

 
Figure 6 Input image is selected from the dataset 

Training the Joint feature learning on small face patches is done. Figure 7 represents the image from the dataset is 
provided as input for the patch formation. 
 

 
Figure 7 Patch formation 
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Figure 8 Spatial pooling of input image 

Figure 8. Represents the conversion of original image into gray image. This is data adaptive due to unsupervised 
clustering. Robust LTP shown in Figure 9 is used for deeper feature extraction and to eliminate noise. 
 

 
Figure 9 Image processed after RLTP 

Concatenation is done for the histogram features extracted from both layers together and WPCA is used to map the 
concatenated feature vector into a low-dimensional feature space as the final feature representation of the whole face.       
Figure 10 and Figure 11 represents the codebook generation for each face region. 
 

 
Figure 10 Codebook generation for face region (1:128, 1:128) and (129:256, 1:128) 

 

 
Figure 11 Codebook generation for face region (129:256, 1:128) and (129:256,129:256) 

The graph mentioned in Figure 12 represents the accuracy level of JFL alone. ROC curve is manipulated using true 
positive and false positive values. 
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Figure 12 Performance graph of JFL 

Table 1: JFL method - Performance 
 
 
 
Joint 
Feature 
Learning 
 

Accuracy 
range 

ROC 

85.7 True 
Positive 

False 
Positive 

82 0.2 0.2 
81 0.4 0.4 
79 0.6 0.6 
78 0.8 0.8 
75   

The accuracy range has increased predominantly. The proposed method helps in better feature extraction. 

 
Figure 13 Performance graph of JFL with RLTP 

It provides strong resistance to noise compared with other supervised algorithms such as LBP and LTP. Hence it is 
combined with JFL for better performance. 

Table 2: Verification Performance of existing method (JFL with RLTP) 
                            
 
 
Joint 
Feature 
Learning 
with RLTP 
 

Accuracy 
range 

ROC 

97.14 True 
Positive 

False 
Positive 

82 0.2 0.2 
81 0.4 0.4 
79 0.6 0.6 
78 0.8 0.8 
75   

5. CONCLUSION 

In this paper, unsupervised feature learning with robust local ternary pattern approach for face recognition is proposed. 
The advantage of this model is that it provides a feature learning approach to study data-adaptive features directly from 
available pixel values for face learning and recognition, so that higher-order statistics data can be accurately 
characterized. By learning multiple and related sparse features for different face regions, more position specific 
discriminative information has been extracted for face representation. 
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