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Abstract— Face recognition is one of the most efficient 

technologies from the past few decades. As a biometric 

technology face recognition is the most promising 

technology to recognize humans. Among all the biometric 

technologies such as finger print, palm print, Iris, pattern 

recognition etc. Face recognition is the most accurate 

technologies as compared to other ones. To identify human 

faces several numbers of patches are formed of human face 

and the output of the patches is compared with the database 

image. After taking three to four samples of these patches the 

output of the patch based system varies and it take a lot of 

time to execute the system. So to overcome this drawback of 

patch based system we use Principal Component Analysis 

(PCA) technology, which is one of the most accurate 

technologies in face recognition system. In this paper we will 

discuss about the patch based technology and how principal 

component analysis resolves the drawback of patch based 

technology. 
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I. INTRODUCTION 

The ideology of face recognition which was invented in the 

nineteenth century has become more advanced in the 

twenty-first century. Face Recognition technology now a 

day has become the most advanced technology for human 

verification purpose. Before face recognition technology 

finger print technology [1] was invented for safety and 

security purpose of humans in many fields. After a decade 

face recognition technology was brought in the biometric 

technology which was more efficient than finger print 

technology.  Face Recognition technology has a large 

number of applications in today’s world, especially when it 

comes for the security purpose, not only faces recognition 

technology is used for the purpose of security but also in 

medical services, election booth, military services, banks,  

airports, scientific research labs and many more. There are 

two features in face recognition system, first is the global 

feature and the second is the local feature. The global 

feature is the whole structure facial organs and the local 

features are the eyes nose and mouth. Both local and global 

[2] [3] plays different role in face perception and both of 

them contain discriminative information for face 

recognition. Therefore it is necessary to combine the both, 

local and global information to get the facial output. There 

are many challenges for face recognition such as variations 

of illumination, facial expression, small sample size, noise, 

background, limitation of samples. Virtual sample and 

generic training [4] sets are used to solve the single sample 

per person. Collaborative Representation classification 

shows very effective performance for face recognition by 

representing query sample as a linear combination of 

training samples from all classes. However when there will 

be a limited number of samples available in the database, the 

recognition output of Collaborative Representation 

Classification (CRC) will drop dramatically. To overcome 

this problem CRC on patches are taken and then all the 

output of human patches are combine. Patch based method 

involves the steps of local feature extraction, local region 

partition and classification combination. Also patch based 

method is more affected by patch size which varies for 

different images database. We involve a multi-scale patch 

bases CRC method which combines all the information on 

different scale. In spite of that MSPCRC requires more 

number of training samples per subject and requires more 

time to execute the system also the accuracy of the patches 

varies from sample to sample. To overcome this problem of 

patches we execute Principal Component Analysis in which 

instead of patches of images we involve the whole image 

and get the exact image at the output. 

II. FACE RECOGNITION TECHNOLOGY 

In Face Recognition Technology [5] we are having an image 

at the input. Also the input can be taken from a video but we 

are having the image input from a digital camera. As the 

input given from the digital camera, we would like to know 

whether the person is inside the image, where it is located 

and he/she is. Towards this we separate the face recognition 

technology into three steps - Face Detection, Face 

Extraction and Face Recognition. 

A. Face Detection: 

In this process there are two steps, first is to see whether the 

human face appears in the image and the second is where it 

is located. The output of this system is in the form of 

patches for each input. 

B. Face Extraction: 

The patches are extracted from the images but there are two 

drawbacks first the image patches can be taken from 

different camera alignments, having different face 

expression, illumination and may suffer from occlusion and 

clutter, and second each patch contain thousands of pixels 

which are too large for a robust face recognition system. To 

overcome this drawback feature extraction are performed to 

do dimension reduction, noise clearing. After this step, face 

patch is transformed into a vector having fixed dimension 

and their corresponding location. 

 
Fig. 1: Face Recognition System 
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C. Face Recognition: 

The last step is to identify the faces and for this a database is 

required. For each person several images are taken and they 

are extracted and stored in the database. An automatic 

recognition is performed, when the input face image comes 

in, and performs face detection and faces extraction and 

compares its features with each image stored in the 

database. The image is verified and identified at the end of 

this step. 

III. COLLABORATIVE REPRESENTATION CLASSIFICATION 

Collaborative Representation is also known as competitive 

Representation [6]. Suppose in face recognition system we 

carryout Xi to represent y. The representation residual ri can 

be greater even when y is from class i. This problem can be 

overcome if more samples of class i can be used to represent 

y, but the query is how to find additional samples. In face 

recognition the face images of different people share certain 

similarities and some subjects. Suppose subject i and subject 

j can be very similar. So that the samples from class j can be 

used to represent the test samples of class i. To represent the 

query samples one class can borrow samples from other 

classes. This type of technique is quite similar to the 

technique used in image restoration. For a given local patch 

to reconstruct it many similar patches are collected 

throughout the image. In face recognition for each class we 

may consider samples from similar classes as nonlocal 

samples, and this nonlocal samples are used to represent the 

query sample. However, this nonlocal sample technique has 

some problems to implement under face recognition such as 

first is how to find the nonlocal samples for each class, 

second is to introduce this nonlocal samples to represent the 

query samples. Now all the classes will have a smaller 

representation residual and this can reduced by making the 

classification harder, third it can be expensive because for 

each class we need to identify the nonlocal samples and 

calculate the representation of the test samples. So in order 

to solve the lack of sample problem we use collaborative 

representation. Such a collaborative representation takes the 

face images from all the other classes as the nonlocal 

samples of the one class that is coding the query image y 

over the samples from all classes. 𝑋 = [𝑋1, 𝑋2, … 𝑋𝐾] 
As 𝑦 = 𝑥. [7]Though this is simple there are two points to 

be focused, first the searching for nonlocal samples of each 

class can be avoided and the second all the classes should 

share one common representation of the query sample. Thus 

we call the representation 𝑦 × 𝑥 as collaborative 

representation. Also known as competitive representation 

because each class will contribute competitively to represent 

Y. If one class contribute more the other class will 

contribute less and vice versa. In the face recognition system 

we can say the collaboration and competition are the two 

side of same coin. Therefore to examine which class 

contributes the most in the collaborative representation of Y 

or which class contributes the least one effective 

classification scheme undergoes so called as Collaborative 

Representation Classification (CRC). 

IV. PATCHED BASED CRC 

When the available samples per subject are very limited the 

collaborative representation based classification fail because 

the linear representation of the query samples Y may not be 

accurate. To solve this problem Patched based collaborative 

representation classification is introduced. In this PCRC 

system the query image is divided into a set of overlapped 

block patches and then it is extracted from the image at the 

corresponding location of patch. The output of all patches 

are combined which is done by majority of voting.[8] Here 

in this system the patch size or patch scale has a great 

impact over the performance of the recognition system. The 

optimal scale for the database is not a trivial task. However 

the optimal scale varies according to the number of training 

sample per subject. For different type of database the scale 

also varies. [9] To over this drawback we introduce a robust 

system; Multi-scale patch based collaborative representation 

classification. 

V. MULTI-SCALE PATCH BASED COLLABORATIVE 

REPRESENTATION CLASSIFICATION 

Human faces exhibit different structures and different 

characteristics when observed on different scales [10]. In 

this type of system the scale selection problem is solve by 

using an ensemble learning method to combine multi-scale 

information [11]. In PCRC for different scales with various 

patch size we get recognition outputs. At the end of this 

outputs we set an optimal weight to add all the recognition 

outputs from training samples by optimizing margin 

distribution. In this system 2 to 5 training samples per 

subject are required and for each sample the accuracy of the 

sample value varies. When there is one sample per person 

the ensemble learning cannot be execute as it requires more 

number of samples. So to overcome this drawback we 

introduce our proposed system Principal Component 

Analysis. 

VI. PRINCIPAL COMPONENT ANALYSIS 

Principal Component Analysis is a statistical procedure that 

uses a relevant transformation to convert a set of observation 

of correlated variables into a set of linearly uncorrelated 

variables called as Principal Components.  PCA reduces the 

dimensionality of the image and also retains some variations 

in the image data. The system function by focusing face 

image to a feature space that spans the significant variations 

known as face image and the significant features are known 

as eigenfaces and they are the eigenvector also known as 

principal component.  In PCA faces are represented as a 

linear combination of weighted eigenvectors known as 

Eigenfaces. The number of Eigenfaces obtained should be 

equal to the number of training sample. The input image are 

highly noisy because the noise is caused by lighting 

condition poses etc. and due to this pattern occur in any 

input signal as input signals are not completely random. The 

task of facial recognition is discriminating input signal an 

image data into several classes of persons. By means of 

covariance matrix in a database Eigenfaces has an advantage 

of similarity between the pixels among images. These 

characteristic features are called as Eigenfaces in face 

recognition or also known as principal component. They can 

be extracted from original image by means of mathematical 

tool called Principal Component Analysis. [12] By using 

PCA system original image can be transformed into Eigen 

faces. If all Eigen faces are extracted from original images 
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then they can be reconstructed from original images to 

Eigen faces. However losses due to omitting some of the 

Eigen faces can be minimized and it is necessary due to 

scarify of computational recourses. When there is a strong 

coloration between observed variables PCA reduces the 

large dimensionality of the observed variables to 

independent variables which are needed to describe the data 

economically. To generate a set of Eigen faces a large 

number of digitized images of humans are taken under same 

lighting condition. They are resampling at the same pixel 

resolution 𝑚𝑥𝑛 and dimensional vectors are 𝑚𝑛 whose 

component value are the values of their pixels. By means of 

covariance matrix a dataset of Eigen faces has an advantage 

of similarity between the pixels among images. The 

eigenvectors of the covariance matrix of face image are than 

extracted as a given set of weights. [13] The weights show 

the amount by which the face is question from typical faces 

to Eigen faces.  

A. Eigen values and Eigenvectors: 

Large matrices can be costly in terms of computational time 

to use. In case of calculations large matrices may have to 

perform hundreds to thousands times. Without mathematical 

tool the behaviour of matrices would be hard to execute. 

One mathematical tool which has applications not only in 

linear algebra but also for differential equations and other 

areas in the concept of eigenvalues and Eigen vectors is 

Principal Component Analysis. The word eigenvalue and 

Eigen vector are derived from German word Eigen means 

proper. An eigenvalue of a square matrix is a scalar and is 

represented by Greek letter λ and Eigen vector is denoted by 

small letter x which is a non-zero. For a given square matrix 

A all the eigenvalues and eigenvectors satisfy 

equations 𝐴𝑥 =  𝜆𝑥.  

In other words when an eigenvector of a matrix is a 

vector that if multiplied with the matrix the result is always 

an integer multiple of that vector. This integer value is the 

corresponding eigenvalue of eigenvector.  

Let us consider an example, 

Let, 

𝐴 = (
1 2
0 −2

) 

And          

𝑋 = (
−2

3
) 

Where X is transformed by A 

𝐴𝑋 = (
4

−6
) 

But what is remarkable is that  

𝐴𝑋 = (−2) (
−2

3
) 

𝐴𝑋 = −2𝑋 
So when vector x is operated with matrix A, we get 

the same vector X instead of getting a different vector. The 

value -2 of the matrix A is its eigenvalue. The vector X is 

called the eigenvector for matrix A. 

Algorithm for face recognition using PCA 

1) Step 1: Prepare the data. 

The first step is to obtain a set S with M face images. Each 

image is transformed into a vector of size N and placed into 

the set. 

            𝑆 = {𝛤1,𝛤2𝛤3 … , 𝛤𝑀} 

 

2) Step 2: Obtain the Mean. 

After obtaining the set, the mean image ψ is to be obtained 

𝜓 =
1

𝑀
∑ 𝛤𝑛

𝑀

𝑛=1

 

3) Step 3: Subtract the mean from original image. 

The difference between input image and mean image is to 

be calculated and the result to be stored in φ. 

           𝜑 = 𝛤1 − 𝜓 
4) Step 4: Calculate the covariance matrix. 

𝐶 =
1

𝑀
∑ 𝜑𝑛

𝑀

𝑛=1

𝜑𝑛
𝑇 

= 𝐴𝐴𝑇 

𝐴 = {𝜑1 , 𝜑2 , 𝜑3 … . , 𝜑𝑛} 

5) Step 5:  

Calculate the Eigenvectors and Eigenvalues of the 

Covariance Matrix and Select the Principal Components 

from M eigenvectors and only 𝑀′ should be taken which 

have highest value and the low eigenvalue can be omitted. 

The higher eigenvalue has more features of a face. After 𝑀′ 

eigenfaces are determined and the training phase of 

algorithm is finished. 

VII. CONCLUSION 

In PCA based face recognition system, increasing the 

number of images and variety of sample images in the 

covariance matrix increases the recognition rate however 

noisy image decrease the recognition accuracy. In general, 

the image size is not important for a PCA based face 

recognition system where in patch based face recognition 

system patch size is important to execute the system. In this 

paper we have discuss the patch based recognition 

technologies and how principal component analysis 

overcomes over the patch based system. 
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