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Abstract— This paper discuss one of the most popular face 

recognition statistical method, Principal Component Analysis (PCA),  

and attempts to display an exhaustive study for all its mathematical 

operations in detail and highlighted point of view on using matrix 

multiplication and dot product in mathematical equations of principle 

component and testing two types of computing distance (Euclidean 

distance and Manhattan distance) when different threshold values are 

used and different number of the best eigenvectors are selected, ORL 

face database is used in our experiment to compute the recognition 

rate for all training images, the result shows that the dot product with 

Manhattan distance gives the best ratio and there is a direct 

proportion  between the number of taken eigenfaces and the threshold 

value. 

 

Keywords- Face recognition, Principal Component Analysis 

(PCA), matrix multiplication, dot product, Euclidean distance and 

Manhattan distance . 

I.  INTRODUCTION  

In the past people was using password, tokens, plastic 

cards, keys and so forth. all these can easy forgotten or stolen 

so the scientist developed many technique depending on 

human behavior such as signature and key stork, or on using 

biometric technologies for identification depending on 

physiological characteristics such as face form that era the 

development of face recognition in security area and 

surveillance purposes using the features of the faces for a live 

human [1]. Security system which applied face recognition 

only allowed for the authorized user to enter to such system 

impossible to be entered by anonyms [2][3]. 

Two principle tasks accomplishing a purpose in face 

recognition which is verification and identification. 

Verification which is one to one matching applied in systems 

which need to make matching between the human face tries to 

enter the system with only one image which is stored in a file 

with only one copy. Identification is one to many matching 

utilized in systems that make matching between a human face 

with a database of faces and presented a ranked number of 

most similar faces [4].  

Essentially face recognition has three approaches, Firstly 

feature based approach it’s used to segment the local features 

for the image like noise, mouth and eyes to use it in face 

recognition and then developed to face model depending on 

size and position of these characteristic and because of that 

known as geometric approach, best use for this method in 

image restoration. Secondly holistic approach based on extract 

the whole face model as single unite and make comparison 

between them ,it also called photometric or template approach 

and uses it in face recognition best example of these methods 

are Eigenfaces [5][6] [7]. Lastly, hybrid approach it’s merged 

between feature based and holistic methods and get input to 

face detection system best example of this method is 3D 

images [8][9] [10].  

The main limitation (drawback or problem) in the previous 

work that the researches didn’t discuss some of PCA 

mathematical operations in detail especially the threshold 

value and the way to select the best eigen value so the aim of 

this paper is to produce exhaustive study to these operations 

and which will be used to give the highest recognition rate.    

Section 2 will view some of previous researcher works as a 

literature review; section 3 describes PCA mathematical 

equations as algorithm in detail, section 4 shows the 

experimental result and discussion and finally the conclusions 

are described in section 5. 

II. LITERATURE REVIEW 

In 2011, Hussein Rady published a paper titled ―face 

recognition using principle component analysis with different 

distance classifiers‖ introduced the difference between given 

recognition rate use Euclidean distance with identified 80 

images and get 95.2% and with city-block distance identified 

78 images and get 94.3% and declared that PCA with square 

Euclidean distance and Euclidean distance given better ratio 

than city-block distance but less efficient  in processing in 

CPU [11]. 

In 2012, S. P. Bahurupi and D. S. Chaudha produced 

principle Component Analysis for Face Recognition. They 

proved that the noise in images led to decrease in the 

recognition rate and when the number of images is big then 

the size of covariance matrix will be very large because of the 

rising in the number of sampled images led to increase the 

variance and as a result the recognition rate will increased 

[12].  
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In 2012, Suhas Satonkar, A. Kurhe and P.B. Khanale 

produced face recognition using different distance measures 

techniques which discussed different measurement methods: 

Euclidean and Manhattan and gave detection results for male, 

female and male stuff images in database with 100% ratio and 

conclude that Euclidean is slower than Manhattan in average 

time and the average increase with the increasing in the 

number of identified images [13]. 

In 2013, face recognition using PCA, LDA and various 

distance classifiers work was produced by Kuldeep Singh 

Sodhi, Madan Lal. They declared that PCA is unsupervised 

technique so it was the best algorithm used in databases with 

images has different classes and use different distance 

measurement such as Euclidean, square Eclidean, Mahalobies 

and city-block and made combination between them in simple 

way by add them and found individual distance but it has time 

consuming[14]. 

In 2014, adaptive principle component analysis based 

wavelet transform and image de-noising was proposed by 

Israa A.,  Tan J. and Hou Z., they aimed to increase the 

accuracy rate and decrease both time and computational 

complexity by producing Adaptive PCA with accuracy rate 

equal to 85.5% with faster time execution than the original 

PCA [15]. 

In 2015 a Performance Comparison of Face Recognition 

Algorithm Based on Accuracy Rate was produced by Rashmi 

Ravat and  Namrata Dhanda, they applied PCA on ORL face 

database and found the accuracy rate equal to 93.7% but 

without mentioned to the threshold value or the number of 

eigenvectors, also they found PCA has the slowest 

performance in computing the accuracy rate when compared 

to LDA, ICA and SVM algorithms [16]. 

 

III. PRINCIPLE COMPONENT ANALYSIS (PCA) 

It is a useful statistical technique and one of popular 

holistic approach which applied in face recognition and 

compression because it is use dimensionality reduction [17]. 

PCA gives good results in changing poses but it consumes 

time in its execution [18].  

PCA steps are defined in the following [13, 14, 16, 17, 19, 20, 

21]: 

 PCA converts the training set images into vectors, 

each image of two dimensions (x,y) be in vector of 

one dimension with size (x*y) so matrix (A) be with 

size (x*y,M) where M= number of images. 



                 (1) 

                                   

 Find the average face (mean) of all 400 images of 

ORL database like the one in fig. (1). 

 

                ( ) =                   (2) 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Average image 

 

   Some research apply PCA with computing average 

mean faces for full number of images, row mean, column 

mean or row with column mean  in ORL database and 

found detection rate with compute full average mean 

images is the highest rate. [19] 

 Subtract the average face vector from each image 

vector  

 

                                                            (3) 

               
 PCA looking for a useful data in images so must 

remove the noise which is on top of data and can do 

that by using the idea of redundancy by getting the 

covariance matrix among all pairs of data vector. The 

variance can get between data in each single vector 

let’s say vector  with itself  and if there 

statistically independent or related in some way 

depending in data distribution. Covariance depending 

on find the variance between the data vectors and 

tells how many that vectors are in the same direction, 

let’s say that vector ( ) and vector ( ) in the same 

direction and how they correlated to each other so the 

maximum score can get is equal to one. However if 

there is in different directions so the data in    is 

orthogonal in data in  (  . 

 

                       C =                      (4) 

Where   = [  ,  , …., ]         

 

But this matrix will be in high dimensionality so 

replaced the matrices for dimensionality reduction 

and the size will be (M, M)  
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                       C =                      (5) 

 

 Compute the eigen value (α) and eigenvectors (V) by 

using eigenvalue decomposition or by using singular 

value decomposition in this paper we use SVD: 

 

                          SVD(C) =                        (6) 

 

 Where V is matrix of eigenvectors but in small eigen 

space and S is matrix of eigenvalue associated with 

its corresponding eigenvectors. 

 

 Sort the eigenvectors depending on its eigenvalue in 

descending way 

   

 Compute the eigenfaces U matrix to convert the V 

from small Eigen space to large space which its size 

(x*y, K), where x=height and y = width, eigenfaces 

are shown in fig.( 2). 

 

                                 
=                 (7) 

 

 
Figure 2. Eigenfaces 

 

K is chosen as the highest number of eigenvalues and 

takes its corresponding eigenvectors; K can be all of 

eigenvectors or half of them or can use energy 

equation to get it. 

 

                              =                           (8) 

 

Chose appropriate value for L to satisfy the following 

equation: 

 

                ≥ 0.9     where 1 ≤ L≤ M          (9)                              

 

 Compute the weight matrix which each vector of it 

represent how much percentage this eigenface 

contain from the original image in another word the 

weight of original image in that eigenvector. 

 

                                           (10) 

 

 Compute the distance between weighted vector  

 

      =      where i,k = 1,2,,…,K       (11) 

 

and found the maximum distance between any two 

vectors to use it as threshold value multiplied by (t) 

which is any percentage value like (0.3,0.5,0.8), using 

Euclidean or Manhattan measurement distance  

 

           Threshold=t*max                  (12) 

 

The previews steps are applied on all training images 

in the database and the following steps applied on 

testing input image to decide if it is an image or not. 

 

 Convert the input image into vector XP where p is the 

size of test image. 

 

 Compute the average of test image  

 

                             =                            (13) 

 

Some resource use the same average of whole 

database in eq. (2) 

 

  Subtract the X vector from the average face vector 

 

                               =                           (14) 

 

 Compute the weight of unknown image in each 

eigenface  

 

                                                            (15) 

 

 Compute the minimum distance between the weight 

of the test image and the weight of each training 

image in the database  
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                      £ =min                       (16) 

 

Where Ω is unknown image weight and Ωk  the 

weight of all database images 

 

 If min ≤ threshold then the unknown image is a face  

Else it is not a face. 

 

Block diagram 1.  Face recognition using PCA 

 

In PCA we use two different mathematical operation, first Dot 

product which be between vectors regardless these vectors are 

taken as rows or columns because there is no condition to be 

the columns number equal to row number for the matrices so 

take each image in the training set as vector rather than matrix 

and product it with another eigenface vector then get the 

weight value of each image vector in that eigenface vector. 

 

 =   ,    

 =     

 = ( ) ∙ ( ) 

 

Second mathematical operation is matrix multiplication which 

uses multiply a matrices rather than vectors by use all 400 

images in 2D matrix of height equal to the size of training 

image and width equal to the number of all training images, 

matrices must satisfy the condition of matrix multiplication 

which is both of matrices must be compatible in sizes, and 

then get the eigenvectors in matrix 2D after that obtain the 

weighted matrix by doing matrix multiplication between them. 

In PCA method attempt to produce different recognition ratio 

by getting in the beginning the eigenfaces for all 400 images 

in ORL database and then to recognize unknown input image 

we need to get the minimum distance between the unknown 

image and each training images then compare this distance 

with threshold distance. The threshold distance is chosen by 

get the maximum distance between all vectors of database 

images and then multiply it by any value chosen by the user to 

get a satisfy result for recognition rate. Another thing can 

effect on recognition ratio is the chosen number for K value 

which is the best eigenfaces from the 400 image which contain 

the most valuable features of all database images which can be 

chosen by the user or can calculated it by eq. (8). The 

recognition ratio depending on how many faces are true 

recognized from the 400 images and dividing this number over 

400. The input images which uses as unknown image are the 

four hundred images, so PCA process repeated 400 times 

because of that the execution time is computed and notice its 

increase in some seconds when the K and threshold values are 

decrease but recognition rate increase. 

IV. EXPERIMENTAL RESULTS AND DISCUSSION 

In PCA equations many previews researches using in 

mathematical operations Dot product rather than matrix 

multiplication so the question was why do not try to use 

matrix multiplication to get the results,  so both of them are 

applied and get the results and compared between them, the 

results of matrix multiplication were good results in face 

recognition but in dot product the results higher in recognition 

ratio than matrix multiplication and that was predictable 

because Dot product between vectors gives correlation 

between data and how much there are in the same direction, if 

there are in the same direction means it is a face if it is in 

opposite direction then it means that is not a face.  

For the distance measurements two methods are used for 

computing it and compare between both of their results. Firstly 

the Euclidean distance which obtain the distance between the 

test image and every image in the training set by getting the 

root square of the difference between each Corresponding 

points in the two images or we can get the same results if 

obtain the difference between the two Corresponding vectors, 

the weight vector of test image and each training image vector. 

  

             Euclidean Distance(x,y)=            (17) 

Secondly the Manhattan distance or called city-block which 

obtains the absolute difference between the weighted vectors 

of the training images or the points of the vectors and the same 

result will obtain. 

 

         Manhattan Distance (x,y)=                (18) 

 

Where  k= best higher values of eigenvalues 

 

The previews two distance measurement are used in both dot 

product and matrix multiplication each one on different side 

and registered all the result got from the execution and paid 

attention that the recognition ratio increase with the increasing 
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of K value and the increasing of threshold value that is mean 

there are direct proportion between K and threshold value. 

Other observation that using Dot product is better than matrix 

multiplication because it gives better recognition rate with 

different type of distance measurement with best execution 

time and the main reason of being Dot product better is the 

vectors of images represent as an arrow getting out from the 

original point (0,0) going to specific direction and all the 

operations of principle component method essentially deals 

with the fact of eigenvector direction ,eigenvector length and 

how much each vector far away from the others represent the 

distance between vectors. The using of Manhattan distance 

measurement is preferred to use instead of Euclidean distance 

because it gives better ration in recognition with less time as 

explained in table [1] and table [2]. 

 
Table (1): Results of PCA recognition rate using Matrix multiplication 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
Table (2): Results of PCA recognition rate using Dot product 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

V. CONCLUSIONS 

In this paper the realized fact is that the best ratio is 

getting by increasing the threshold value and take more 

number form eigenvectors to recognize the known and 

unknown faces and the using of dot product with 

Manhattan distance given highest ratio because they are 

both together given accuracy rate reaches to 100% with 

best execution time than Euclidean distance. In general 

matrix multiplication not convenient to be used in PCA at 

all because it is not efficient in dealing with vectors and it 

gives less accuracy rate with high time execution and dot 

product is used basically to deal with vectors. 
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