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Abstract: Face recognition presents a challenging problem because of the real-world scenarios 

have unconstrained conditions such as illumination and pose variations, occlusion and 

expressions. A face recognition system can confront occluded faces in real world applications 

very often due to use of accessories, such as scarf or sunglasses, hands on the face, the objects 

that persons carry, and external sources that partially occlude the camera view. Therefore, the 

face recognition system has to be robust to occlusion in order to guarantee reliable real-world 

operation. Face recognition techniques can be broadly divided into three categories face 

detection from a scene, feature extraction and representation of the face region and face 

matching/classification. Face recognition is an integral part of biometrics. In this paper the face 

detection is done using the principal component analysis (PCA). The  Facial features are 

extracted and implemented through PCA. 
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1.  INTRODUCTION 

FACE analysis has received considerable attention due to the enormous developments in 

the field of biometric recognition and machine learning. Beyond its scientific interest, face 

analysis offers unmatched advantages for a wide variety of potential applications in commerce 

and law enforcement compared to other biometrics, such as easy access or avoidance of explicit 

cooperation from users [1]. Nowadays, conventional cases have attained quasi perfect 

performance in a highly constrained environment wherein poses, illuminations, expressions and 

other non identity factors are controlled. However, these approaches suffer from a very restricted 

range of application fields due to the non-ideal imaging environments frequently en countered in 
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practical cases: users may present their faces without a neutral expression, or human faces may 

come with unexpected occlusions such as sunglasses, or, yet again, the images are captured from 

video surveillance that may group all difficulties such as low resolution images, pose changes, 

lighting condition variations, etc. In order to be adaptive to these challenges in practice, both 

academic and industrial research has understandably shifted their focus to unconstrained real-

scene face images. 

Face recognition is one of the most challenging research topics in pattern recognition and 

machine vision[2]. It also provides technical support for related applications[3].For example, 

face identification[4], human-computer interaction[5], video surveillance[6],intrusion 

detection[7]. Because of the overall similarity and local variability of human face, the research 

on it is more representative in biometrics. The study of face recognition is more concentrated on 

the study of face recognition without nose, but for noise face is less. Especially when the face 

data contaminated by noise, the variance of data will be greatly damaged, and facial feature 

extraction is more difficult.  

2. RELATED WORK 

Face recognition has been studied by many researcher using various algorithm and 

approach. Biometric usage is the highest security system compared to traditional systems (using 

password or ID Card for authentication) on the security system. One of the few applied examples 

of biometrics is the facial recognition used in the security system [9]. The strategy of face 

recognition involves the examination of facial features in a picture, recognizing those features 

and matching them to 1 of the many faces in the database. There are lots of algorithms effective 

at performing face recognition, such as for instance: Principal Component Analysis, Discrete 

Cosine Transform, 3D acceptance methods, Gabor Wavelets method etc[10]. This work has 

centered on Principal Component Analysis (PCA) method for face recognition in an efficient 

manner. There are numerous issues to take into account whenever choosing a face recognition 

method. The main element is: Accuracy, Time limitations, Process speed and availability. With 

one of these in minds PCA way of face recognition is selected because it is really a simplest and 

easiest approach to implement, extremely fast computation time. PCA (Principal Component 
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Analysis) is an activity that extracts the absolute most relevant information within a face and 

then tries to construct a computational model that best describes it. 

Face recognition itself has two main steps in general which are face detection and face 

recognition. To perform face detection, Cascade Classifier method or as known as Viola-Jones 

method is used [11]. To perform face recognition, there are many algorithms that can be applied 

with face recognition. In [8] face recognition was performed by Feed Forward Neural Networks 

algorithm (FFNW). In face recognition was performed by Principal Component Analysis (PCA) 

algorithm. 

3. PRINCIPAL COMPONENT ANALYSIS 

Principal Component Analysis is one of the most popular methods for reducing the 

number of variables in face recognition. It is appropriate when you have obtained measures on a 

number of observed variables and wish to develop a smaller number of artificial variables (called 

principal components) that will account for most of the variance in the observed variables. PCA 

is a method of transforming a number of correlated variables into a smaller number of 

uncorrelated variables. Similar to how Fourier analysis is used to decompose a signal into a set 

of additive orthogonal sinusoids of varying frequencies, PCA decomposes a signal (or image) 

into a set of additive orthogonal basis vectors or eigenvectors. The main difference is that, while 

Fourier analysis uses a fixed set of basic functions, the PCA basis vectors are learnt from the data 

set via unsupervised training.  

In PCA, faces are represented as a linear combination of weighted eigenvectors called as 

Eigen faces [12]. These eigenvectors are obtained from covariance matrix of a training image set 

called as basis function. The number of Eigen faces that obtained would be equal to the number 

of images in the training set. Eigen faces takes advantage of the similarity between the pixels 

among images in a dataset by means of their covariance matrix. When a face image is projected 

to several face templates called eigen faces then the difference between the images will be 

calculated which can be considered as a set of features that are considered as the variation 

between face images. When a set of eigen faces is calculated, then a face image can be 

approximately reconstructed using a weighted combination of the eigen faces. 
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The first thing we need to do is to form a training data set. 2D image Ii can be represented 

as a 1D vector by concatenating rows [2]. Image is transformed into a vector of length N = mn. 

 

 Let us consider a training database consists of N images which are of same size. The 

images are normalized by converting each image matrix to equivalent image vector Zi. The 

training set matrix Z is the set of images vectors with Training set. 

Z = [Z1 Z2 …..ZN] …. (1) 

The deviation vector for each image Ωi is given by: 

 Ωi = Zi – μ where i = 1,2,…N …. (2) 

Consider a difference matrix B= [Ω1, Ω2… ΩN] which having only the distinguishing 

features for face images and removes the common features. To find eigenfaces we have to 

calculate the Covariance matrix C of the training image vectors. 

C=B.BT …. (3) 

Each value would represent a weight and would be saved on a vector. Read the test image 

and separate face from it, then Calculate the feature vector of the test face. The test image is 

transformed into its eigenface components. First we compare line of our input image with our 

mean image and multiply their difference with each eigenvectors and compute the average 

distance (Euclidean distance) between test feature vector and all the training feature vectors. 

Mathematically, recognition is finding the minimum Euclidean distance, between a testing point 

and a training point given in the following equation. 

……(4) 

 

4. ARCHITECTURE DIAGRAM 

The figure 1 illustrates a  face recognition method based on principal component analysis (PCA). This 

method extracts robust facial features from the original face image. Then it involves transforming the 
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facial features into eigenspace by PCA, which is able to classify individual facial representations. 

 

Fig.1. Architecture Diagram 

Thus, the trained face model has some eigenvalues that can be derived from an ensemble matrix. 

In order to identify the faces, test images are also projected into eigenspace from the image space 

and compared to the trained face images in the same eigenspace. 

 

5. EXPERIMENTAL RESULTS 

We used MATLAB 7.6.0(R2008a) to implement all the experiments of Principle 

Component Analysis (PCA) on different face images. The experiment was conducted using ORL  

 

Fig.2. Some faces from ORL database 
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database of faces. The training database contains 190 images of 38 persons (5 images per each 

person), a test database has 40 images of different individuals (38 known and 2 unknown). All 

photos have dimensions 92×112 and a dark homogeneous background and the subject is 

photographed in an upright, frontal position. All images are grayscale (intensity levels of gray 

are taken as image features). Example of images from the training base is given in figure 2 which 

contains  eigen values. 

        Each eigen value corresponds to a single eigenvector and tells us how much images 

from training bases vary from the mean image in that Face Recognition Using Eigen face 

Approach 125 direction. It can be seen that about 10% of vectors have significant eigen values, 

while those for the remaining vectors are approximately equal to zero. We do not have to take 

into account eigenvectors that correspond to small eigen values because they do not carry 

important nformation about the image. The figure 3(a) and (b) shows the face recognition result. 

The figure 4 shows the recognition rate based on the number of features. 

 

    
 

Fig.3. (a) , (b) Face Recognition result 

 

  

Fig.4.(a), (b) Recognition rate for different number of features 
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6. CONCLUSION 

From many years the research in face recognition is an exciting area to come and will 

keep many researchers, scientists and engineers busy. So we are using the most flexible and 

efficient method for face recognition, Principal Component Analysis. In this paper we have 

given concepts of face recognition methods in MATLAB. The system receives the input face 

from ORL database and it is recognized from the training set. Recognition is done by finding the 

Euclidean distance between the input face and our training set. The results were simulated using 

MATLAB. The said approach is definitely simple, easy and faster to implement identification, 

verification and authentication. 
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