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ABSTRACT 
This paper presents a new approach for facial eigenfeature regularization and extraction. Image space spanned by the 
eigenvectors of the within-class scatter matrix is decomposed into three subspaces. Eigenfeatures are regularized differently in 
these subspaces based on an eigenspectrum model. This alleviates the problem of unreliable small and zero eigenvalues caused by 
noise and the limited number of training samples. It also enables discriminant evaluation to be performed in the full dimension of 
the image data. Feature extraction or dimensionality reduction occurs only at the final stage after the discriminant assessment. 
Experiments comparing the proposed approach with some other popular subspace methods on the FERET, ORL databases show 
that our method consistently outperforms others. 

 

KEYWORDS:  
 

INTRODUCTION 

 

Face recognition is an important human ability—an infant innately responds to face shapes at birth and can 

discriminate his or her mother’s face from a stranger’s at the tender age of 45 hours. Recognizing and 

identifying people is a vital survival skill, as is reading faces for evidence of ill-health or deception. Improving 

significantly in the last several years, technologies that can mimic or improve human abilities to recognize and 

read faces are now maturing for use in medical and security applications. The 2002 Face Recognition Vendor 

Test (FRVT 2002) demonstrated a significant improvement in face recognition capabilities, and researchers 

have developed systems to tackle some of face recognition’s more interesting challenges. These systems include 

one that can distinguish between identical twins. 

Principal Components Analysis (PCA) has been one of the most applied methods for face verification using 

only 2D information; in fact, PCA is practically the method of choice for applications of face verification in 

real-world. An alternative method to reduce the problem dimension is working with low resolution images. In 

the proposed system, the best result is achieved using PCA; the results obtained using low resolution images. An 

initial set of located faces has been used for PCA matrix computation and for training all classifiers. The images 

belonging to the testing set were chosen to be different from the training ones. 

The paper proposes three classifiers and their comparison results, which shows that the PCA outperforms 

the other. After considering the results proposed in the paper, we directly implement the PCA in our system, 

rather than implementing and comparing the three methods which is waste of time. 
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Human face perception is a kind of intelligent behavior for computer to catch and deal with the information 

on human faces, including human face detection (or location), human face tracking, pose of human face 

confirming, human face recognition, facial expression recognition, lip-reading and etc. This technique proposes 

a subspace approach that regularizes and extracts eigenfeatures from the face image. Eigenspace of the within-

class scatter matrix is decomposed into three subspaces: a reliable subspace spanned mainly by the facial 

variation, an unstable subspace due to noise and finite number of training samples, and a null subspace. 

Eigenfeatures are regularized differently in these three subspaces based on an eigenspectrum model to alleviate 

problems of instability, overfitting, or poor generalization. This also enables the discriminant evaluation 

performed in the whole space. Feature extraction or dimensionality reduction occurs only at the final stage after 

the discriminant assessment. These efforts facilitate a discriminative and a stable low-dimensional feature 

representation of the face image. Finally experiments comparing the proposed approach with some real-time 

subspace images (Local databases) show that our method is consistent than others. Face Recognition Method is 

discussed in Section II. Section III discusses about the Feature Extraction methods. Analysis of the proposed 

approach is given in the section IV. Summary and conclusions are given in the final section. 

 

Face Recognition Method: 

A. Enrollment phase: 

The image is acquired using a web camera and stored in a database. Next, the face image is detected and 

trained. During training, the face image is preprocessed using geometric and photometric normalization. The 

features of the face image are extracted using several feature extraction techniques. The features data is then 

stored together with the user identity in a database. 

 

B. Recognition/verification phase: 

A user's face biometric data is once again acquired and the system uses this to either identify who the user 

is, or verify the claimed identity of the user. While identification involves comparing the acquired biometric 

information against templates corresponding to all users in the database, verification involves comparison with 

only those templates corresponding to claimed identity. Thus, identification and verification are two distinct 

problems having their own inherent complexities. The recognition/verification phase comprises of several 

modules which are image acquisition, face detection, and face recognition /verification. 

 

                                                             
 

Fig. 1: Face Recognition Architecture 

 

C. Image acquisition/face detection module : 

Face detection is used to detect face and to extract the pertinent information related to facial features. The 

image will then be resized and corrected geometrically so that it is suitable for recognition/verification. In this 

module, the background or the scenes unrelated to face will be eliminated. The system can detect a face in real-

time. The face detection system is also robust against illumination variance and works well with different skin 

color and occlusions such as beards, moustache and with head cover. The face detection consists of image 

acquisition module. Its purpose is to seek and then extracts a region which contains only the face. The system 

was based on the rectangle features using Adaboost algorithm. The outputs of the system are the rectangle 

which contains face features, and image which contains the extraction of the detection face features. 
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D. Face recognition/ verification module: 

The face recognition module comprises of preprocessing, feature extraction, and classification sub-modules. 

The input to the face recognition/verification module is the face image, which is derived from two sources: from 

the camera and from the database. From these sources, each image is preprocessed to get the geometric and 

photometric normalized form of the image. During feature extraction, the normalized image is represented as 

feature vectors. The result of the classification for the recognition purpose is determined by matching the client 

index with the client identity in the database. 

The Characteristics are, it is unique, it cannot be forgotten, it cannot be lost, it cannot be shared or stolen. 

The various uses of Face Recognitions are,in Airports in Banks, in Border crossing Checkpoints,In Government 

& Military sites, in Federal and Local Government agency, in Financial Institutions, Corporations and  

Government Agency, Network based applications .Even though a number of modules are there in the 

architecture of Face Recognition, Here our project aims at only for authentication. 

 

E. Comparison: 

    In the comparison method we have to compare the existing recognition error rate with our proposed 

approach and then finding the recognition accuracy rate for this is tell to that our method is give the best 

accuracy rate compare with other existing methods(for example: PCA,LDA) 

 

Eigen Feature Extraction Method: 

Face Authentication System typically compare a feature vector X extracted from the face image to verify 

with a client template, consisting in similar feature vectors Y extracted from images of the claimed person 

stored in a database. 

This project develops model for Face Recognition and it includes the following modules. 

1. Preprocessing 

2. Feature Regularization and Extraction 

3. Recognition 

4. Comparison accuracy rate       

We have several Databases for face verification/authentication. Each Database is developed by different 

laboratories. Some databases used in a face authentication/recognition system are listed below. 

● FERET Database 

● UMIST Face Database 

● ORL Database 

From these Databases, we selected ORL Database for our project 

 

 
Fig. 2: ORL database 

 

The ORL Database is developed by the AT&T Laboratories Cambridge. It was founded in 1986 as the 

Olivetti Research Laboratory. This ORL Database contains 40 persons. Each person has 10 images, totally 400 

images. From the Database we took 100 faces only for face authentication system. In this 100 faces, we selected 

70 faces for Training, and 30 faces for Testing. The figure below shows the ORL Database for face recognition 

system. 
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   Face images from various persons with different views are taken and are preprocessed. Then the same 

images are then normalized with 112*92 of size. It is then again cropped for proper alignment and down 

converted to 56*46 pixels. Once the images are preprocessed. In figure (1) we see the details of preprocessed. 

                                                                         
Fig. 3: Data Preprocessing 

 

Form the column image vectors and find out the all scatter matrix values, and then with the use of this 

scatter values ,find the eigenvalues and eigenvector matrix. In figure (4) we see the details of eigenvalues. 

 
Fig. 4: Mean Face and Eigen Value of the input image 

 

Critical role, which is in subspace methods as the eigenvalues are used to scale and extract features that is 

called eigenspectrum of the face training data. In this one ,find out the typical real eigen spectrum value and its 

model.  Decompose the eigenspace into subspaces ,that are mainly determined by the facial variation , unstable 

subspace due to noise and finite number of training samples and a null spaces. Sort the eigenspectrum value and 

its model in descending order of the face component and their inverse and then find out the median value for the 

decomposition of supspaces. 

 

 
 

Fig. 5: A typical real eigenspectrum, its model sorted in descending order of the face component and their 

inverse; decomposition of the eigenspace into face, noise, and null-subspaces. 
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Apply some weighting function in order to transform the training samples into another formation with the 

use of median value. This is helpful to find out the intermediate feature vector and then no dimension reduction 

occurs during this transformation with the following weighting function values. 
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In this section, with the use of training data transformation , find out the eigenvalue problem one more time, 

because we have to found that another training set of image vectors. And  then find out the final feature 

regularization and extraction matrix with the use of the following formulas. 
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Extraction matrix   U is given by  

U= 
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w
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Proposed Comparison Methodology: 

In this section, transform the n-D face image vector into d-D feature vector with the use of  feature  

regularization and extraction matrix obtained in training stage and then finally obtain a feature vector in order to 

apply to the classification stage with the use of the feature vectors. That is  F=UT X 

Apply a classifier technique on the gallery set, that is gallery feature vector an then this is  compare with the 

probe feature vecor to recognize the image with the use of the following distance formula between the probe 

feature vector and gallery feature vector. That is 

dst(FP,FG) = 

22 GP

G

T

P

FF

FF
  .Where 

2
is the norm 2 operator. 

Then Eigen feature regularization and extraction technique approach(ERE) is to perform well to compare 

with other face recognition techniques. Next is to find out the recognition error rate. Then apply other feature 

extraction or  feature selection methodologies and apply a different classification techniques in face recognition 

and to compare with the  ERE approach in order to get a new recognition error rate is the better level than the 

ERE approach.   

 

Experiment results (Example): 

PCA: 

Principal component analysis is a technique used to reduce multidimensional data sets to lower dimensions 

for analysis. Depending on the field of application, it is also named the discrete Karhunen-Loeve transform, the 

Hotelling transform or proper orthogonal decomposition (POD). PCA is mostly used as a tool in exploratory 

data analysis and for making predictive models. PCA involves the calculation of the Eigen value decomposition 

of a data covariance matrix or singular value decomposition of a data matrix, usually after mean centering the 

data for each attribute. 

PCA for face recognition is based on the information theory approach. It extracted the relevant information 

in a face image and encoded as efficiently as possible. It identifies the subspace of the image space spanned by 

the training face image data and decorrelates the pixel values. The classical representation of a face image is 

obtained by projecting it to the coordinate system defined by the principal components. The projection of face 

images into the principal component subspace achieves information compression, decorrelation and   

dimensionality reduction to facilitate decision making. In mathematical terms, the principal components of the 

distribution of faces or the eigenvectors of the covariance matrix of the set of face images, is sought by treating 

an image as a vector in a very high dimensional face space.  

Steps involved in PCA are, 

A.  Organize the data set 

     The data are arranged as a set of N data vectors with each representing a single 

grouped observation of the M variables. 

Write as column vectors, each of which has M rows. Place the column vectors into a single 

matrix X of dimensions M × N.  

B. Calculate the empirical mean  

 Find the empirical mean along each dimension m = 1...M.  

 Place the calculated mean values into an empirical mean vector u of dimensions M × 1.  
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C. Calculate the deviation from the mean 

 Subtract the empirical mean vector u from each column of the data matrix X.  

 Store mean-subtracted data in the M × N matrix B.  

huXB .                                                               Where h is a 1 x N row vector of all 1's:  

  1nh     

For n=1……N 

D.     Find the covariance matrix 

 Find the M × M empirical covariance matrix C from the outer product matrix B with itself:  

    ** .
1

. BB
N

BBBBC                

where,   E is the Expected Value  * is the conjugate Transpose operator 

 E .   Find the eigenvectors and Eigen values of covariance matrix 

 Compute the matrix V of eigenvectors which diagonalizes the covariance matrix C: 

DCVV 1
                                                         

Where D is the diagonal matrix of eigen values of C. This step will typically involve the use of a computer-

based algorithm for computing eigenvectors and eigenvalues. 

F.  Rearrange the Eigen vectors and Eigen values. 

 Sort the columns of the eigenvector matrix V and eigenvalue matrix D in order of decreasing 

eigenvalue.  

 Make sure to maintain the correct pairings between the columns in each matrix.  

G. Compute the cumulative content for each Eigenvector 

 The eigenvalues represent the distribution of the source data's energy among each of the eigenvectors, 

where the eigenvectors form a basis for the data. The cumulative energy content g for the mth eigenvector is the 

sum of the energy content across all of the eigenvectors from 1 through m:  

 



m

q

qpDmg
1

,][  

For    p=q    and     m=1…..M 

H.   Select a subset of eigenvectors as basis vectors 

 Save the first L columns of V as the M × L matrix W:  

   qpVqpW ,,   

For   p=1…..M     q=1…….Lwhere      ML1  

I. Use the vector g as a guide in choosing an appropriate value for L. The goal is to choose as small a 

value of L as possible while achieving a reasonably high value of g on a percentage basis. For example, you may 

want to choose L so that the cumulative energy g is above a certain threshold, like 90 percent. In this case, 

choose the smallest value of L such that   %90 Lmg   

II. Calculate the Karhunen-Loeve coefficient 

 
Fig. 6: Training performance for PCA 
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Fig. 7: Training performance for LDA 

 

Summary And Conclusions: 

This paper addresses problems of extracting discriminant  eigen features from the face image based on a set 

of training samples. In this work, eigenspace spanned by the eigenvectors of the within-class scatter matrix is 

decomposed into a reliable subspace, an unstable subspace and a null subspace.Eigenfeatures are regularized 

differently in these three subspaces based on an eigenspectrum model to alleviate problems of instability, 

overfitting, or poor generalization.The discriminant evaluation is performed in the whole space andthe feature 

extraction or dimensionality reduction is done only at the final stage after the discriminant assessment. This 

facilitates a discriminative and stable low-dimensionalfeature representation of the face image. Extensive 

experiments on the FERET, ORL databases with different numbers of training samples demonstrate that the 

proposed approach consistently outperforms Eigenface,FLDA, BML, null space LDA, dual-space LDA, and 

unified subspace framework. Especially, it achieves more accuracy gains for a smaller number of features and 

for a smaller size of training set. This verifies that the proposed approach is more efficient in the feature 

extraction and more stable, less overfitting the training data or better generalization. 
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