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Abstract 

Face recognition is one of the commonly used biometrics to identify the people.Face recognition 

has received substantial attention from researchers due tohuman activities found in various 

applications of security like airport, face tracking and forensic. Compared to other biometric 

characteristics like palm print, Iris, finger print etc., face biometrics can be non-

intrusive.However, face biometrics is a challenging field of research with various limitations 

imposed for automated face recognition system like facial expression, aging, change in 

illumination and head pose. This paper presents a novel stereo matching algorithm for 2D face 

recognition across pose and illumination variation. Stereo matching cost is employed to obtain 

the similarity between query image and gallery image. Illumination variation is handled by the 

normalization process. Efficiency of the method is tested on CMU-PIE database. Experimental 

results demonstrated that the proposed method is robust to pose and illumination variation. 

Proposed method also showed effective performance compared with other existing methods in 

terms of recognition rate. 

 

Key words: Face recognition, Matching cost, Pose and Illumination, Recognition rate and Stereo  

matching. 

 

I. INTRODUCTION 

Computer vision is the branch of science that works on enabling computers to acquire, process, 

analyze and understand the images or image sequences in the same way that human vision does, 

in order to produce appropriate output. It is the fusion of statistical pattern recognition and image 

processing.Biometric system is the technique ofidentifying a person based on physiological traits 

such as face, fingerprint, palmprint, iris and behavioral characteristics like speech and gait to 

prove his/her identity[1][2][3]. In recent years, biometric authentication system has gained more 

attention from researchers. 
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Traditional authentication systems like PINs and passwords are very hard to remember. 

These passwords can be easily forgotten, stolen, misplaced and robbed. These drawbacks of 

traditional authentication systems make many applications, banking, law enforcement to migrate 

towards utilizing biometric system to enhance the system security. Biological traits cannot be 

stolen, forged and misplaced [4]. Many researchers attempted to develop an automated 

recognition system meeting requirements of security systems, giving more accurate results.  

Fingerprint [5] and palmprint [6] are the popular and commonly used systems for 

identifying individuals. However, face recognition is one of the most important authentication 

technologies. Face recognition has received substantial attention from researchers due to human 

activities found in various applications of security like airport, face tracking, forensic etc. 

Compared to other biometric traits like palm print, finger print etc., face biometrics can be non-

intrusive. Moreover, face images can be obtained easily with a fixed inexpensive cameraas 

opposed to other biometrics that requires the use of moreexpensive equipment like the retina and 

iris.The face has some features that include the eyes, nose, ears, lips, chin, teeth andchicks. Some 

of the features are used to recognize individuals. 

Face recognition methods are generally divided into three groups: (i) Holistic matching 

method (ii) Feature based methods and (iii) hybrid methods. Principal Component Analysis 

(PCA), Linear Discriminant Analysis (LDA) and Independent Component Analysis (ICA) are 

the example of holistic method. Feature based method uses some features like eyes, nose and 

mouth. Hybrid method uses combination of holistic and feature method[7][8].One of the critical 

issues in face recognition is to handle the pose and illuminations variations. Several techniques 

are found in the open literature [9] to handle the pose variation. None of the techniques provide 

better result.Based on the above-mentioned constraint, there is still a potential for improvement 

to address theissues. So, a new method using stereo matching algorithm for face recognition has 

been proposed and implemented. 

The remainder of the paper is structured as follows: Section 2 briefly review the related 

works in this field. Proposed face recognition method is presented in Section 3. Experimental 

results and efficiency comparison are given in Section 4. Section 5 concludes the paper followed 

by relevant references. 

 

II. REVIEW OF RELATED WORK 

 

Face recognition is one of hot topics of interest in the field of computer vision and pattern 

recognition due to its various applications in the area of information security, law enforcement, 

biometrics and surveillance.Abdullah et al. [10] presented a face recognition method which 

based on holistic method. PCA and improved PCA is used to extract the face features. Results 

showed that the recognition time is reduced by adopting improved PCA algorithm. Cho et al. 

[11] developed a hybrid technique by fusing holistic method with the local feature method. PCA 

andGabor wavelets are used identify the query image. Better recognition rate is obtained under 

illumination variations. However, face recognition with Gabor filter is high computationally cost. 

Bellakhdhar et al. [12] proposed face recognition method by combining the phase and magnitude 

of Gabor’s faces. Features are extracted by using PCA. Support Vector Machine (SVM) is 

employed to perform the classification task.Experimental results proved that the combination of 

the magnitude with the phase of Gabor features can achieve promisingresults. But, this approach 

failed to handle the pose variations. Raja and Joseph Raj [13]developed a method for face 
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recognition usingSelf-Organizing Map (SOM). SOM is a kind of neural network that combines 

both data projection and quantization of the input data without loss of important information. 

Nandhiniet al. [14] presented an approach for face recognition. In this approach, mouth and 

eyeballs are extracted.Distance between mouth and eyeballs are computed.Recognition is 

performed by neural network.Stereo correspondence is a common tool in computer vision, 

essential for determining three-dimensional depth information of object using a pair of left and 

right images from a stereo camera system.Castillo et al. [15] investigated the use of stereo 

matching algorithm for 2D face recognition across pose. In this method, query face image is 

matched with the gallery image without performing 3D face reconstruction. Cost of the stereo 

matching algorithm is employed to calculate the similarity between face images. Results proved 

that stereo matching algorithm is robust to pose variations.Abdul Mannan Mondal and Haider 

Ali [16] presented an overview of stereo matching algorithms. The authors also the compared the 

performance of the algorithms.The algorithms taken consideration in literature are analyzed by 

speed, accuracy and disparity range. Mudunuri and Biswas [17] addressed the problem of face 

recognition across pose variation. 

 

III. PROPSOED FACE RECOGNITION METHOD 

 

This section presents the proposed method for face recognition across pose and illumination 

variation. Figure 1. depicts the block diagram of the proposed face recognition method.The 

framework consists of two phases,namely enrollment and recognition. During enrollment, a 

gallery of face images with three landmarks, eyes, nose and mouth is created. At the time of 

recognition, three land marks of the query image is generated and then stereo cost between the 

query and trained image is calculated. Illumination variation is handled by the normalization 

process. 

 

 

 

Figure 1.Framework of the proposed method 
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Some studies demonstrated that the feature-based face recognition method provided 

better performance than the other methods [11] [12] [17]. Feature based detection system heavily 

relies on the face features. Pose variation does not affect the system performance. Therefore, 

proposed face recognition method uses four landmarks namely nose, mouth, eyes and cost 

function.Proposed method employs stereo matching algorithm described in [16] for 

recognition.The key of stereo matching is calculating the difference between two scan lines. 

According to [16], matching is performed between training and query or test image. Let the scan 

lines of training and query image is represented as It and Iq respectively. Cost of matching two 

scan lines are cost (Ir,Iq).Stereo algorithm includes four cumulative cost matrices namely 

MLO,MLM,MRO and MRM[18]. Among these four matrices, MLO and MROare designed to capture 

occlusions in the left and right images respectively. Similarly, MLM and LRM are designed to 

capture the matching in the left and right images respectively.The planes naturally definethe 

persistence of states.The matching optimal solution is {CLO, C LM, CRO,CRM }. 
Matching cost between two rows of the two images can be defined as, 

 

                                 (1) 

Illumination changes affect the overall efficiency of the system. Proposed method utilizes 

normalization method in order to avoid the illumination changes. Normalization is performed by 

using Equation (2), 

                                       (2) 

 

The cost expressed in (1) is a sensible measure of similarity since it is not dependent on 

the relative scale of the images, it just calculates the average cost per match made over all scan 

lines. Given two images with unknown pose, I1 and I2, similarity of the two images are  

 

              (3) 

 

We donot know which image is left and which imageis right we have to try both options, 

one of them will be thetrue cost, the other cost will be noise and should be ignored.Additionally, 

flip produces a left-right reflection of the image.flip is helpful when two views see mainly 

different sides of the faces. Finally, recognition is performed by matching query image with the 

most similar image in the gallery. 

 

IV. EMPIRICAL STUDY 

 

Several experiments were conducted on the multi-PIE database [19] to demonstrate the 

applicability of the proposed face recognition method. The database includes 337 subjects that 

are captured under different pose and illumination conditions and also view points in four 

recording sessions.A few sample images are shown in Fig.2. 
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Figure 2. Sample gallery images 

 

We start with reporting the recognition performance of the proposedapproach for matching 

images which differ in pose and illumination. Figure 3 shows the three landmarks of the gallery 

image. Landmarks of the query or test image is shown in Figure 4. Query image and the 

corresponding matched faces are depicted in Figure 5. 

 

 
 

  

 
 

Figure 3.Landmarks of the sample gallery image 
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Figure 4.Query image 

 

 

Figure 5.Recognized image 

 

Performance evaluation 

 

Efficiency of the proposed method is evaluated in terms of Recognition Rate(RR).RR is defined 

as the ratio of the number of faces correctly matched to the total number of 

faces.Mathematically, RR can be expressed as, 

 

 (4) 

 

Table 1 compares the performance of the proposed method with the other existing 

method found in the open literature such asPCA method [10], PCA-Gabor [11], PCA-SVM [12], 

PCA-SOM [13]and NN [14], transformation matrix method [19] and 4-point stereo matching 

algorithm [20]. 

International Journal of Scientific Research and Review

Volume 8, Issue 4, 2019

ISSN NO: 2279-543X

Page No: 1090



 

Author Method RR (%) 

Abdullah et al. [10] PCA 94.8 

Cho et al. [11] PCA-Gabor 95.3 

Bellakhdhar et al. [12] PCA-SVM 97.5 

Raja and Joseph Raj [13] PCA-SOM 88.25 

Nandhini et al. [14] NN 96.66 

Mudunuri et al. [19] Transformation matrix 95.69 

Castellio et al. [20] 4-point stereo matching 86.61 

Proposed method Stereo matching 98.51 

 

From the Table 1, it is observed that proposed method provides better 

performance.Further to this, proposed method achieves high recognition rate than other method s 

considered for comparison from the literature. Figure 6 graphically compares the efficiency of 

the proposed method with the other existing methods in terms of RR. 

 

 

 
 

Figure 6. Performance comparison 

 

 

V. CONCLUSION 

This paper presented a method to face recognition methodfor matching faces across pose and 

illumination variation. Three landmarks locations are identified for the gallery image.Matching 

cost between the gallery image and test image is calculated for measuring the efficiency. 

Performance of the proposed method is evaluated in terms of RR and compared with the other 

methods. Compared to other existing methods, proposed method is simple to implement and 
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performs well. For feature research, we would like to explore recent fast and efficient stereo 

matching algorithmsthat can potentially decrease the time required for theproposed approach. 
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