
IJCST Vol. 4, ISSue 3, July - SepT 2013

w w w . i j c s t . c o m InternatIonal Journal of Computer SCIenCe and teChnology  89

 ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

Face Recognition by Using Eigenspace
Rajneesh Choudhary

Dept. of Computer Science, Shobhit University, Meerut, India

Abstract
There are several methods to identify the images by computer. 
Each of them gives a performance depending upon their similarity 
measures as distance, angle, matrices and any others. These 
similarity measures can be calculated on the images in their 
original space or on the images projected into a new space. The 
subspace created by the eigenvectors of the covariance matrix 
is commonly called as eigenspace. Variations of these spaces or 
vectors of images produced by them will tell us that what the 
significance of my algorithm that I am going to proposed is that 
how clearly we can recognize to our test image and what are the 
factors associated with it and challenges too.
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I. Introduction
There are several algorithms in face detection area. Face can 
be detected By the system on the basis of subspace created 
by the eigenvectors created by the algorithms. I will discuss 
two of them eigenspace and fisher discriminant. Both of them 
produce the covariance matrices and finally they will be able to 
recognize a face. But both of them contain some variations. I will 
compare to both of them on the basis of their variations. The first 
variation is the selection of vectors responsible for production of 
eiegnspace. How an algorithms selects vectors for eiegnspace. 
It is very important. The second variation is the measurement 
used to calculate the difference between images projected into 
the subspace. Some observations have taken by me to compare 
these two algorithms.

A General Algorithm
An image may be viewed as a vector of pixels where the value of 
each entry in the vector is the grayscale value of the corresponding 
pixel. For example, an 8x8 image may be unwrapped and treated 
as a vector of length 64. The image is said to sit in N-dimensional 
space, where N is the number of pixels (and the length of the 
vector). This vector representation of the image is considered to 
be the original space of the image. The original space of an image 
is just one of infinitely many spaces in which the image can be 
examined. Two specific subspaces are the subspace created by 
the eigenvectors of the covariance matrix of the training data 
and the basis vectors calculated by Fisher discriminants.The 
majority of subspaces, including eigenspace, do not optimize 
discrimination characteristics. Eigen space optimizes variance  
among the images.

Problems in Face Recognition

Illumination Problem
We have to store the image in to the database for their recognition. 
At that time illumination problem takes place which images taken 
of a same person but they are recognized differently due to the 
lighting problem occurred when they have taken by using camera. 
Now this image will go into the database and stored. But when it 
will be used for recognition then a same person will be recognized 

differently due to illumination problem. This problem is a great 
problem in face recognition techniques and still now it is a great 
challenge for the researchers working on it.A method proposed 
for this problem is that if some principal components would be 
removed from the images then this problem would solved only 
up to extent. If we want to remove this problem completely then 
in these days researchers are using another method which is base 
on thermal energy. This has a simple principal that each person 
has a different type of thermal energy from his/her body. So by 
doing this we can remove this problem completely.

Time Delay
 Faces change over time. There are changes in hair style, makeup, 
muscle tension and appearance of the skin, presence or absence 
of facial hair, glasses, or facial jewelry, and over longer periods 
effects related to aging. Time delay can change face parameters 
highly. So for making algorithm for face detection it is very 
important to consider time delay.
It means we have to store only those images which are taken 
recently To our database for verification. 

Viewing Angle
 The face has a 3D shape. As the camera pose changes, the 
appearance of the face can change due to projective deformation, 
which leads to stretching and foreshortening of different part of 
face, and self occlusion. It may lead for bad results for their images 
to be stored in the database for recognition and dis-occlusion of 
parts of the face If we have seen faces only from one viewing 
angle, then because of having a 3D dimensions a face can be 
recognized as a different face. So it will be a great difficulty to 
remove such problems created by the viewing angles in general 
it is difficult to recognize them from disparate angles. 

Different Techniques in Face Recognition
There are several techniques in face recognition by using computers. 
The input of a face recognition system is always an image or 
video stream. The output is an identification or verification of 
the subject or subjects that appear in the image. Face detection 
is defined as the process of extracting faces from scenes. These 
features could be certain face regions, variations, angles or distance 
measures, which can be human relevant (e.g. eyes spacing).  In 
an identification task, the system would report an identity from 
a database. This phase is totally match and select process. A face 
is selected from the database and is checked against the faces 
present in the database.

Featured-Based
Feature-based approaches are simple approaches. they mainly 
works on the features selection and select the right data from 
the database. They first process the input image to identify and 
extract (and measure) distinctive facial features such as the eyes, 
mouth, nose, etc., as well as other fiducial marks, and then compute 
the geometric relationships among those facial points, these 
relationships can be distance, angles or any other suitable measures. 
Thus reducing the input facial image to a vector of geometric 
features. Standard statistical pattern recognition techniques are 
then employed to match faces using these measurements. One of 
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the earliest simple image processing methods to extract a vector 
of 16 facial parameters - which were ratios of distances, areas 
and angles (to compensate for the varying size of the pictures) 
and used a simple Euclidean distance measure for matching to 
achieve a peak Performance of 75%. By using these techniques 
we can develop a well defined algorithm that can give us a very 
fine accuracy.

Statistical Techniques
Basically Statistical technique is the version of the holistic 
approaches. In this approach the image is represented as a 2D 
array having an intensity values and recognition is performed by 
direct comparisons between the input face and all the other faces 
in the database. Though this approach work only under limited 
circumstances such that equal illumination, scale, pose, etc. it 
is computationally very expensive and suffers from the usual 
shortcomings of straightforward correlation-based approaches 
such as sensitivity to face orientation, size, variable lighting 
conditions , background clutter, and noise. The major hindrance 
to the direct matching methods’ recognition performance is that 
they attempt to perform classification in a space of very high 
dimensionality. 
Because they work according to the intensity of image. To counter 
this curse of dimensionality, several other schemes have been 
proposed that employ statistical dimensionality reduction methods 
to obtain and retain the most meaningful feature dimensions before 
performing recognition.

Eigenspace Projection
Eigenspace is calculated by identifying the eigenvectors of the 
Covariance matrix derived from a set of training images. Only 
selected vectors are kept for eigenspace, which can lead for the 
great variance among the images. More will be the variance more 
positive results will come out. The eigenvectors corresponding 
to non-zero eigenvalues of the covariance matrix form an 
orthonormal basis that rotates and/or reflects the images in the 
N-dimensional space. Specifically, each image is stored in a vector 
of size NxN.
At first eigenvectors are selected in the form of vertical columns.
Then find the mean of all those eigenvectors into a row. After thatWe 
have to make the data centralized by subtracting the mean from 
each of the eigenvectors and write them into a form of matrices 
and then converted into its transpose and then eigenvalues of this 
transposed matrix are calculated and put into the database which 
would be used in image recognition with the probe image which 
is to test or verify.

Creation of Eigenspace

1. Center Data
Each of the training images must be centered. Or we have to find 
out the mean of all images. Subtracting the mean image from 
each of the training images centers the training images The mean 
image is a column vector such that each entry is the mean of all 
corresponding pixels of the training images.

2. Create Data Matrix
Once the training images are centered, they are combined into a 
data matrix of size NxP, where P is the number of training images 
and each column is a single image as shown in equation 

3. Create Covariance Matrix
The data matrix is multiplied by its transpose to create a covariance 
matrix. This matrix is used for finding the eigenvectors for a 
particular eigenvalue (say W) and then these eigenvectors are used 
for recognizing the particular probe image (testing image).

Where Ω is the product of matrix and its transpose and V is the 
eigenvector associated with the eigenvalue Λ.

4. Calculation of the Eigenvalues and Eigenvectors
The eigenvalues and corresponding eigenvectors are calculated for 
the covariance matrix.accourding to ΩV = ΛV. These eigenvectors 
and eigenvalues are calculated and then used according to some 
norms. In the relation 
ΩV = ΛV 
here V is the set of eigenvectors associated with the eigenvalues 
Λ.

5. Order Eigenvectors
Ordering of eigenvectors according to their corresponding 
eigenvalues is very important from high to low. Because it will 
show  the variance among all the eigenvectors and then this 
variation will work to select them for creating the eigenspace. 
Keep only those eigenvectors which are associated with non-zero 
eigenvalues. This matrix of eigenvectors is the eigenspace V , 
where each column of V is an eigenvector.

2. Testing of Training Images Into Eigenspace
Each of the centered training images ( x i ) is projected into the 
eigenspace. To project an image into the eigenspace, calculate the 
dot product of the image with each of the ordered eigenvectors.

3. Identify Test Images
Each test image is first mean centered by subtracting the mean 
image, and is then projected into the same eigenspace defined by 
V. Now it will be checked that with which image it is matching. 
That image will be selected as a matched image.
This is the whole procedure by which we can recognize to the 
image by using eigenspace method.

Selection of Eigenvectors for Face Recognition
When creating a subspace using eigenspace projection we use 
all eigenvectors associated with non-zero eigenvalues. The 
computation time of eigenspace projection is directly proportional 
to the number of eigenvectors used to create the eigenspace. 
Therefore by removing some portion of the eigenvectors 
computation time is decrease. Beacause as the time decrease 
more will be the effective of our selection of eigenvectors. So 
only those eigenvectors are selected which will carry important 
information for creating the eigenspace Furthermore, by removing 
additional eigenvectors that do not contribute to the classification 
of the image, performance can be improved. Many variations of 
eigenvector selection have been considered:
Standard eigenspace projection: All eigenvectors corresponding to 
non-zero eigenvalues are used to create the subspace. Beacause only 
non-zero eigenvalues are usefeul for creating the eigenspace.
Remove the last 40% of the eigenvectors: Since the eigenvectors 
are sorted by the corresponding descending eigenvalues, this 
method removes the eigenvectors that find the least amount of 
variance among the images. Beacause large varience among the 
eigenvectors of the images will be resulted into better recognition 
of the images by the system.  Specifically, 40% of the eigenvectors 



IJCST Vol. 4, ISSue 3, July - SepT 2013

w w w . i j c s t . c o m InternatIonal Journal of Computer SCIenCe and teChnology  91

 ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

that find the least amount of variance are rem
Energy dimension: We also can use Energy dimension than use a 
standard cutoff for all subspaces, this method uses the minimum 
number of eigenvectors to guarantee that energy (e) is greater than 
30 which is a typical threshold. The energy of the ith eigenvector 
is the ratio of the sum of the first i eigenvalues over the sum of 
all the eigenvalues. 

Removing the First Eigenvector
 The previous three methods assume that the information in 
the last eigenvectors work against classification. This method 
assumes that information in the first eigenvector works against 
classification. For example, lighting causes considerable variation 
in otherwise identical images.Which further makes some changes 
in our eigenvector removing process and does not give better 
results Hence, Sometimes it can be 
helpful to remove the first eigenvector as it is estimated that it 
contains less information for creating the eigenspace. Hence this 
method removes the first eigenvector.

Proposed Work
As we know that the product of matrix and its transpose is 
commutative. So we can use any one of them. Now an algorithm 
that I want discuss with you is based on the on the eigenspace 
developed the algorithm above but with some changes. These 
changes will certainly help to this
Technique of face recognition. Later on I will discuss the similarities 
and differences in between these two algorithms.
Now I am going to discuss the algorithm with you.

Step:1 Put the parameters of image in the vertical column. 
Step: 2 In this step we are finding the mean of data.
Step: 3 In this step we have to make the data centered by subtracting 
each image from their mean.
Step: 4 Create the covariance matrix as in the above method.
                               S= Q(T)*Q
Where Q is the matrix and Q(T) is the transpose of the matrix.
Step: 5 Compute the eigenvectors and eigenvalues from the given 
matrix as it is discussed in the previous section.
                                        SW=ΛW
Where W is the eigenvector associated with eigenvalue Λ.
Step: 6 Compute the eigenvectors of S matrix as: S=Q(T)*Q.
In this step we just multiply the covariance matrix Q with the
Eigenvectors W found in the previous section as:

W=QV
Step: 7 In this step we will divide the eigenvectors by their norm. 
So that their dimensions may be reduced to a large extent. And it 
will be used to make a well defined eigenspace.

W=W/mod(W)
Step: 8 In this step we have to order the eigenvectors as in the 
same Way in the previous section (from high to low).
This is the whole procedure that we have to implement for 
generating The algorithm to recognize to a face by the system. 
Clearly we will find that the same eigenspace will be generated 
Algorithm above as we seen in the previous algorithm.

Variations and Comparisons
As we know that to make the dimensions of an image effective. 
We should centralize or normalize it. But both centralization and 
normalization are opposite to each other. So we cannot take them 

together. Because they counteract with each other.
But the most common method is to reduce the dimensions of an 
image is to find out the mean of image and subtract each image 
from the mean.
Y=Y1+Y2+Y3
Y=Y/3
P=Y-Y1
Q=Y-Y2
R=Y-Y3
But in my algorithm I have made the images centered and 
normalization. This will definitely help me to create a good 
eigenspace. So that there will be more variations in images and 
can be recognized clearly as comparison to the previous algorithm. 
This variation also helps me to make covariance relation easy.

Conclusion
Now I want to conclude the whole work that I proposed. I want to 
say that while preparing face detection algorithm we must consider 
the entire suitable environment that should be well adaptable 
or that can be well figured through computer. Environment for 
taking an image means all the factors like (camera, humidity, 
illumination, no of images in test set, pose of image) must be 
according to the image. So that it can be recognized and verified 
clearly. One possible reason for the performance of algorithm 
is the no of images in the test set. More are the no of images 
less will be the performance of the algorithm. So we must care 
about the size of the dataset that we are going to test against 
the developed algorithm. Still after being developed so many 
algorithms, we are facing some Problems in algorithms of face 
recognition due to some well defined Problems as I discussed 
earlier in this section. Problems like illumination and pose of 
image are still great challenges in the field.
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