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Abstract

Principal component analysis (PCA) is a widely used technique that is quite efficient and reliable when
used for face recognition. Face is the most dominant feature that strongly communicates identity of the person. It
proves to be very useful and secure if used for biometric identification. Principal component analysis uses Eigen
Face approach for extractingg effective features (Eigen vectors) from a given face database and these features
corresponds to the dissimilarities among the faces. Every face in the database can be represented as a linear
combination of these eigenvectors with appropriate weight assoc
associated
iated with each of the eigenvector. This paper
presents a methodology for face recognition using Principal Component Analysis algorithm and compares two
different distance classifiers i.e. Euclidean distance and Manhattan distance on the basis of recognition
recogniti rate obtained
by varying the number of Eigen faces.
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Introduction
In the recent years, human face recognition, a
technique that detects and identifies human faces is
gaining importance in the field of biometrics. The
human face is a highly intricate and dynamic
structure with characteristics that can adversely
change with time but it is also the feature that best
distinguishes a person. Humans can recognize
thousands of faces learned throughout their lifetime
and identify familiar faces at a glance even after
years of separation [2]. This skill is quite robust,
despite large changes in the visual stimulus due to
viewing conditions, expression, aging, and
distractions such as glasses or changes in hairstyle.
Computational models of face recognition, in
particular, are interesting because a computer that can
recognize
nize faces could contribute to a wide variety of
problems, including criminal identification, security
systems, image and film processing, and human
computer interaction. Thus these models add not only
to theoretical insights but also to practical
applications.
ions. Developing such a computational model
is a quite difficult task.
The Eigen face based PCA approach used in
this paper does not focus on detecting individual
features like eyes, mouth, nose and head outline and
developing a face model by determining tthe position,
size, and relationship among these features (Feature
Based Method) but it uses entire raw face image as
an input and extracts features that are different
among these faces (Holistic method).2. P
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PCA Algorithm
Principal Component Analysis (PCA) is a
dimensionality reduction technique in which
multidimensional data is reduced by extracting the
desired number of principal components. Without the
need of intense effort PCA provides us with an
outline that describes how to reduce a complex data
sett to a lower dimension to reveal certain unknown
useful and simple information. This is the case when
there is a strong correlation between observed
variables. This strong correlation is present in human
faces because every face has various features in
common
mon like two eyes, one nose, one mouth etc. at
defined positions. By capturing the variation in a set
of faces, independent of any judgment of features it is
possible to extract the relevant information in a face
image which is encoded as efficiently as possible,
po
and compared with a database of encodings
developed similarly for every face [1]. PCA approach
transforms face images into a small set of relevant
features images called Eigen faces which are ghostly
images represented by eigenvectors that are the
principle components of the faces and characterize
the variation between them. Each individual face can
be represented exactly in terms of a linear
combination of the Eigen faces. Also not all but only
few relevant eigenvectors with largest eigenvalues
are sufficient to represent each face image. This
method thus reduces the dimensionality of data space
by projecting data from M-dimensional
dimensional space to PP
dimensional space, where P<<M [5].
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After the dimensional reduction of the face
space, the distance is measured between two images
for recognition and if the distance is less than some
threshold value, then it is considered as a known face,
else it is an unknown face [6].

Note:  and are the eigenvectors and eigenvalues
of the covariance matrix C
5. We obtain the covariance matrix C in the
following manner
=
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7. Once we have found the eigenvectors (fig.4), ,


= ∑ெ
ୀଵ   ; l=1,…..,M(8)

Recognition Procedure
Fig 1: brief steps for Eigen face approach

Mathematical Procedure fOR PCA
1. The first step is to obtain a set S with M face
images. We have taken M = 45(fig.2). Each image is
transformed into a vector and placed into the set.
 = Γଵ , Γଶ , Γଷ , … … . , Γெ (1)
2. Calculate mean image Ψ(fig 3)
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for k = 1,…..,M'.

2. We now determine which face class provides the
best description for the input image. Here we have
used two different distance classifiers i.e. Euclidean
distance and Manhattan distance classifier.
Euclidean distance:

4. Next we seek a set of M orthonormal vectors,
 ,which best describes the distribution of the data.
The kth vector, , is chosen such that

ெ

=

Ω ் = ଵ , ଶ , … . , ெ′ (10)

3. Then we have to find the difference Φ between the
input image and the mean image

 =

1. A new face is transformed into its Eigen face
components. First we compare our input image with
our mean image and multiply their difference with
each eigenvector of the L matrix. Each value would
represent a weight and would be saved on a vector Ω.

1,  =  
(5)
0, ℎ 
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Manhattan Distance:
!"#, $% = |# − $| = ∑ୀଵ|# − $ | (12)
3. The input face is considered to belong to a class if
( is below an established threshold)ఌ , then the face
image is considered to be a known face. If the
difference is above the given threshold, but below a
second threshold, the image can be determined as
unknown face. If the input image is above these two
thresholds, the image is determined NOT to be a face.
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4. If the image is found to be an unknown face, then
we can add that image to our training set for future
recognitions. We have to repeat steps 1 through 7 to
incorporate this new face image.

Experimental Results
Training Database
While there are many databases in use
currently, the database in this paper is taken from
Face Recognition Data, University of Essex,UK [4].
There are 45 faces in the database. There are faces of
15 people with 3 images of each person with different
expressions.
Test database
In the test database there are 30 images in
which some are of the known individuals in the
database but with different expression and others are
of unknown individuals and few are images that do
not contain a face at all.
Threshold
A threshold is chosen such that if
 < ) ; Known face
 > ) ; Unknown face
Threshold value plays an important role in
selecting a known face. If there will be no threshold
then it might be possible that a test image with no
face at all could get recognized as a known face (its
distance value can be minimum from an image in
database).
Therefore we have to set a threshold
heuristically for our image databases [3].
We have chosen the threshold for our
database empirically. By using trial and error method
the threshold is chosen which depends on various
factors like number of images in database, number of
images per person, features of database etc. In this
paper the threshold value chosen is 5.5 × 10ଷ for
Euclidean distance and 8.5 × 10ଷ for Manhattan
distance classifier.
Results
To study the effect of different distance
classifiers (like Euclidean distance and Manhattan
distance) and the effect of changing the number of
Eigen faces on face recognition we have performed
experiments on the database using MATLAB.
Database contains 45 images (3 images of
each of the 15 individuals) and test database contains
30 images of known and unknown individuals.
Dimension of each image of the database is
200x180x3 and in vector form the size is 200x200.
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Fig. 2 Training database

Fig. 3 Average Fac

(C) International Journal of Engineering Sciences & Research Technology[683-686]

ISSN: 2277-9655

[Gupta, 2(4): April, 2013]

around 30% of the Eigen faces are sufficient. It is
observed that using Manhattan distance classifier less
number of Eigen faces are required for achieving the
same recognition rate as compared to Euclidean
distance classifier.
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Conclusion
Face recognition method using PCA is
proposed and comparison between Euclidean
distance and Manhattan distance classifier is done.
We have used the database containing 45 images of
15 different persons (3 images of each person with
different expressions).
From the results, it can be concluded that, a
maximum recognition rate of 94% can be achieved
using either Euclidean or Manhattan distance. For
recognition using Euclidean distance classifier, it is
required to take 40% of Eigen faces with highest
eigenvalues but for Manhattan distance classifier
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