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Abstract- This paper aims to present face recognition based on Principal Component Analysis (PCA) and Modular Principal 

Component Analysis (MPCA) approach. The PCA based face recognition method is not very effective under the conditions of 

varying poses and expressions rather than the proposed MPCA method. In the MPCA method the original face image was 

partitioned into tiny sub-images and then PCA technique is applied for each sub-image. Since a few of the normal facial 

features of an individual do not differ even when the pose and expression may differ, the proposed method manages these 

variations and takes only a few numbers of principal components for matching the faces for similarity. The proposed method 

improves the recognition rates with less number of principal components when compared with the conventional PCA method. 

This present system is tested with two standard face databases and results are presented. 
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I. INTRODUCTION 

 

Face Recognition (FR) is one of the divisions of biometric 

recognition. Human face recognition, as one of the most 

successful applications of image analysis and understanding, 

has received significant attention in the last decade [1]. For 

humans, it is an instinctive and innate ability human, for 

computers, it is viewed as a complicated problem. It is easy 

for a human to decide where an object ends and when the 

next starts, but to a computer, a  

 

digital image is just a matrix of pixels. The human face is 

full of information but working with all the information is 

time consuming and less efficient. The process of computer 

based facial recognition determines identity using facial 

features as elements of distinction and discards other useless 

information. The importance of research on FR is 

determined by both its wide range of potential applications 

and scientific challenges [2]. The automated methods of 

facial recognition, even though work very well, do not 

recognize subjects in the same manner as a human brain [3, 

4]. Our goal is to develop a face recognition system that is 

fast, reasonably simple, and accurate in constrained 

environments. 

 

FR is viewed as high-dimensional pattern recognition 

problem, even though low resolution face images generate 

huge dimensional feature spaces. In addition to the problems 

of large computational complexity and memory storage, this 

high dimensionality makes very difficult to obtain statistical  

 

models of the input space using well defined parametric 

models [5, 6]. However, the intrinsic dimensionality of the 

image space is much lower than the dimensionality of the 

face space. Many techniques can be used for face 

recognition but Principal Component Analysis (PCA) is one 

of the most victorious techniques that have been used in face 

recognition .Sirovich et al. [7, 8] first used PCA to 

efficiently represent pictures of human faces. PCA extracts 

efficient features from high-dimensional vectors of input 

data and encodes the relevant information in a face image as 

efficiently as possible to reduce the data. This encoded data 

will be use as the features of a collection of faces. The aim 

of the present work is to extract these features, which are the 

variations in the face images, to be able to compare them.   

 

Since, the traditional PCA method only utilizes the global 

information of face images, its recognition accuracy deeply 

affected by the variation in head pose, lighting condition and 

facial expression in the image [9-12]. But some of local 

facial features of an individual do not change when the facial 

expression and pose change. Recent improvement is the 

Modular Principal Component Analysis [13]. In this 

technique, the face images are divided into smaller regions 

and the PCA approach is applied for each one of these sub 

images. It keeps the relation between regions as well as the 

global information of the face.  

 

In this paper, the state of the art in face recognition is 

achieved over the different facial expressions and poses for 

different persons is discussed by using the most promising 
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face recognition algorithm on PCA based on eigenface 

technique and MPCA. It describes how these techniques can 

be generalized to handle different facial expressions and 

poses to find the correct similarity on persons faces 

accurately and compute the recognition rate accuracy.  

 

The rest of the paper is organized as follows: In section 2 the 

proposed MPCA technique is formulated for selecting 

number of principal components for classification. Design 

and implementation are explained in section 3. Section 4 

presents the experimental results and followed by the 

discussion and conclusion is presented in section 5.  

 

II. MODULAR PRINCIPAL COMPONENT 

ANALYSIS 

 

Most of the automatic face recognition algorithms evaluate 

faces as one unit which leads to problems due to variations 

in expression, illumination and pose [14-17]. This neglects 

the important fact that few facial features are expression 

invariant and others are more susceptible to the expressions. 

MPCA is one such improvement over PCA. This MPCA 

approach the entire face image is divided into smaller 

regions and the feature extraction is computed for each one 

of these regions. For each sub region of training set, average 

sub-region computation, covariance matrix, eigenvectors and 

the weight set calculation as in PCA. The weights will be 

more representative of the local information of the face. The 

weights of the face images will closely match the weights in 

the same region of an individual face image under normal 

conditions. The given face is classified as the face belong to 

that class which is at the nearest Euclidean distance in the 

face space. Since some variations on face images do not 

affect the entire information of the faces, this approach takes 

advantage of the unaffected regions of the face to increase 

its accuracy rate. Therefore it is expected that improved 

recognition rates can be obtained by using the following 

MPCA approach. Furthermore it also recognizes the exact 

matched face image from selecting few numbers of principal 

components rather than PCA. 

 

 
Fig.1 Dividing the whole image into sub images and 

applying PCA technique 

 

In this method, each image in the training set is divided into 

N smaller regions. Hence the size of each sub-image will be 

r c/N.These sub-images can be represented mathematically 

as 

 

Iij (m, n) = Ii ( 
 

    
(   )    

 

  
 (   )   ) i,j (1) 

                             

where i varies from 1 to M, M being the total number of 

images in the training set, j varies from 1 to N, N being the 

number of sub-images and m and n vary from 1 to r/ N and 

c/ N . 
The next step is to find mean image of all the training sub-

images is computed as 

 = 
 

   
  ∑ ∑   

   
 
   ij         (2) 

Subtracting the image matrix with its mean, 

Yij= Iij -         (3) 

The covariance matrix is computed from these sub-images 

as follows, 

C = 
 

   
  ∑ ∑   

   
 
   ij .Yij

T         (4)

                   
From the covariance matrix, Eigen values and Eigenvectors 

are computed. The outcome of the covariance matrix is 

symmetric. The image weights are computed by multiplying 

the eigenvectors and generating the principal components as 

follows, 
   

PC =   (Iij -) .       ij      (5)
 where  are eigenvectors. 

 

Next classifying the test image and the weights are also 

computed for the test sub-images using eigenvectors as 

shown in the following equation: 

Ωw  =  PC
T
 . (test j -  ); w=1, 2.......M,  j    (6) 

   The Euclidean distance between two weight (feature) 

vectors thus provides a measure of similarity between the 

corresponding images. Mathematically, recognition is 

finding the minimum Euclidean distance εk, between a test 

point and a training point given in the following. 

      k =  w - k 
2 
; k=1,......M          (7) For the 

extraction of significant information from the sample images 

of two databases, we have to choose an optimal number of 

PCs. We can achieve this by calculating variance 

Variance = 
   

∑   
 
   

  100        (8) 

 

III. DESIGN OF THE PROPOSED SYSTEM 

 

A user friendly Graphical User Interface (GUI) program is 

developed in the present work. The source code of the face 

recognition system is written in MATLAB. The process 

explained in section 3 is designed in Matlab 7.10 (R2010a) 

to read the databases, process them and to display the 

resultant images. Once sample images (UMIST and ATT 

database) are loaded into the GUI, evrytime the recognition 

process is done in these loaded images. The minimum 

distances of sample face images and recognition is 
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calculated and displayed in the GUI window. The quality of 

the resultant images are assessed and significant information 

is retrieved from the software system. These activities are 

performed by clicking the menu items in the GUI. The Fig. 2 

shows the flow diagram of the proposed system. 

 
Fig.2   System Using proposed Technique 

 

IV. RESULTS AND DISCUSSION 

 

In this section, the performances of traditional PCA-based 

algorithm and the MPCA-based algorithm are evaluated with 

two standard face image databases. The ATT database 

consists of face images with varying expressions and the 

UMIST database consists of face images with varying poses. 

Table.1 shows the details of image databases, utilized for the 

present study. A class consists of face images belonging to 

either training or testing. 

 

Table 1:Image databases used in the present work for 

training and testing. 

 
 

During the first study, twenty sample images per class from 

UMIST are considered for training and one sample image 

per class are taken for testing. The images of different poses 

of each person ranging from profile to frontal views are 

included in the samples. The sample images used for 

training and those for testing in the present work are 

displayed in Fig.3 and Fig.4 respectively. 

 
Fig.3. 400 sample images taken from UMIST for training 

 

 
Fig.4 20 images taken from UMIST for testing 

 

Sample images are arranged into single column vectors. The 

average vector and the covariance matrix are computed.  

Subsequently, as described in section 2 the eigenvalues and 

their eigenvectors are then calculated from the covariance 

matrix. Finally the first few largest eigenvalues and the 

corresponding eigenvetors are selected. Thus, the images 

that are having more information is found and displayed in 

Fig.5 and their values are presented in Table 2. Such images 

called eigenfaces that is principal components. 

 

Table 2: Recognition rates of PCA technique of face 

recognition 

 

Eigenvectors 

 

 

Recognition 

Rate 

3 30% 

5 40% 

10 45% 

19 50% 

  

 

 
Fig.5 First ten principal components (Eigenfaces) 

 

In order to increase the recognition rates more number of 

eigenvectors must be chosen. The following GUI window 

(Fig. 6) shows the results of PCA technique. 
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Fig.6 Face Recognition system using PCA Technique 

 

In PCA technique, the whole image is used for calculating 

eigenvectors. In MPCA technique, the image is divided into 

smaller regions and the PCA technique is applied into each 

region. The methodology had already been explained in 

section 2. Each sample image (Fig.7a) is divided into four 

regions (Fig.7b) or sixteen regions (Fig.7c).  

 

 
7a                    7b                  7c               

Fig.7 Graphical representation of image subdivision based 

on MPCA technique (7a. Whole Image, 7b four regions and 

7c sixteen regions) 

 

In the present work, we observe increased recognition rates 

with few numbers of eigenvectors, taken for processing. The 

recognition rates of an image divided into 4 regions using 

MPCA technique are presented in Table 3.  

 

Table 3: Recognition rates of present MPCA technique. 

  

Eigenvectors 

 

 

Recognition Rate 

3 75% 

5 80% 

10 90% 

19 95% 

 

In the present work, 400 sample images have been taken 

from UMIST database and each sample image is divided 

into 4 regions (4004=1600) or 16 regions (40016=6400) 

in training set. The system is tested with 4 regions, increased 

recognition rates achieved by selecting the minimum number 

of eigenvectors. Furthermore it also recognizes the exact 

matching face image for the test image. Fig.8 shows the 

results obtained from 10 eigenvectors out of 1600 regions 

(400 sample images) and 90% of recognition accuracy is 

achieved. 

 
Fig.8 Face Recognition using 4 regions 

 

The following Fig.9 and Fig.10 displays the variance table 

for PCs. In this table column 5 shows the cumulative 

variance used for selecting the required number of PCs for 

testing.  

 

 
Fig.9 
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Fig.10 Variance table in MATLAB editor window 

 

Next for the same database, the system is tested with 16 

regions (40016=6400) and is shown in Fig 11 by achieving 

95% of recognition accuracy.  Exact matching is done only 

by using 19 eigenvectors instead of 6400. 

 

 
Fig .11  Face Recognition using 16 regions 

 

The Euclidean distances for each region are computed for 

the two instances (M=1600 and M=6400). For each of the 

region, the minimum distance and its corresponding region 

are observed. The face is thus recognized from that region is 

classified correctly. With the same pose of images all the 4 

regions are exactly matched in 4 regions case and 16 regions 

are matched in 16 regions case, plotted in Fig 12 and 13 

respectively. The system is tested with the face images with 

different poses. 

 
Fig.12 Euclidean distance graph of 4 regions  

 

 
Fig.13 Euclidean distance graph of 16 regions 

 

The recognition rates are computed and plotted as shown in 

Fig.14 This study has been performed with varied number of 

regions and principal components. A better classification 

results has been achieved with 19 principal components, 

selected from 6400 principal components using UMIST 

dataset and 10 principal components selected from 2880 

using ATT database. A recognition accuracy of 95% is 

obtained for UMIST dataset and 95% is obtained for ATT 

dataset. 

 

 
Fig.14 Recognition accuracy of MPCA technique for pose 

(UMIST) Database 
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Fig.15. Recognition accuracy of MPCA technique for 

Expression (ATT) Database 

 

The following Table.4 shows the overall results of 

recognition rate when choosing the number of principal 

components using MPCA technique. This technique uses the 

number of regions of images and this is very helpful for 

matching the similarity faces from the test image and 

database images by choosing only a minimum number 

principal components. Hence, the table shows the 

recognition rate, number of regions, database, total number 

of PC’s and selected PC’s. 

 

Table 4:Recognition accuracy in ATT and UMIST datasets 

 
 

V.CONCLUSION 
 

In this work, the main advantage of face recognition method 

based on MPCA has been discussed. The ability to extract 

the features of sub-images, which better reflects the 

differences between the face images and is presented in a 

graphical user interface. The smaller the number of images, 

the process becomes much simpler and faster. An improved 

face recognition accuracy is achieved by selecting only a 

few numbers of PC’S based on MPCA technique. The 

recognition system is tested with UMIST and ATT face 

databases and produces better recognition rates. A 

recognition accuracy of 95% is obtained for UMIST dataset 

and 95% is obtained for ATT dataset. 
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