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Abstract: In this paper Principle Component of Edge Information approach for face recognition is discussed and analyzed. 
As per the literature survey and our knowledge there is a hardly reported research work on Edge information with PCA for 
face recognition. This idea of using Edge information with PCA algorithms for face recognition is a new approach and 
provides a different way of analyzing the results for face recognition. In this experimentation we have explored LOG edge 
detector with Eigen images for face recognition under variation of pose, illumination and facial expressions.    
 
Keywords: Laplacian of Gaussian (LOG), Principle Component Analysis (PCA), Edge information. 
 
 
I. INTRODUCTION  
 

Face recognition is a job that humans 
perform regularly and fluently in their daily lives 
within fraction of seconds. Accessibility of influential 
and low-cost desktop and embedded computing 
devices has created an enormous interest in automatic 
processing of digital images and videos in a number 
of applications, including biometric authentication, 
inspection, human-computer interaction, and 
multimedia management.  

Research in face recognition is motivated 
not only by the elementary challenges in these 
recognition problems but also by numerous practical 
applications where human identification is needed. 
Face recognition, as one of the primary biometric 
technologies, became more and more important 
owing to rapid advances in technologies such as 
digital cameras, the Internet, mobile devices, and 
improved demands on security. Face recognition has 
several advantages over other biometric technologies: 
It is natural, non-intrusive, and easy to use. Among 
the six biometric characteristics considered by 
Hietmeyer face as biometric scored the highest 
compatibility in a Machine Readable Travel 
Documents (MRTD) [2] system based on a number of 
evaluation factors, such as enrollment, renewal, 
system requirements, and public perception. The eyes 
or iris and finger have second position in the 
evaluation sheet as per the demand and number of 
applications.  

A face recognition system is expected to 
recognize faces present in images and videos 
involuntarily. It can operate in either or both of two 
modes first face verification or authentication, and 
second face identification or recognition. Face 
authentication involves a one-to-one match that 
compares a query face image against a template face 
image whose identity is being claimed. Face 
recognition involves one-to-many match that 
compares a query face image against all the template 
images in the database to determine the identity of the 

query face. Another approach for face recognition 
scenario, where a query face image is matched to a 
list of suspects (one-to-few matches). 

An edge in an image is a contour across 
which the brightness of the image changes abruptly. 
In image processing, an edge is often interpreted as 
one class of singularities. In a function, singularities 
can be characterized easily as discontinuities where 
the gradient approaches infinity. However, image 
data is discrete, so edges in an image often are 
defined as the local maxima of the gradient. These 
definitions become the way to lead the research work 
in this book. Edge detection is an important task in 
image processing. It is a main tool in pattern 
recognition, image segmentation, and scene analysis. 
An edge detector is basically a high pass filter that 
can be applied to extract the edge points in an image.  
 
II. LAPLACIAN OF A GAUSSIAN (LOG) 

DETECTOR 
 

The technique used in this study for edge 
detection is Laplacian of Gaussian (LOG). The edge 
can be sharpened or enhanced by taking second 
derivative of image intensity. Edge detection of 
second derivative operator corresponds to the 
detection of zero crossing. The widely used second 
derivative operator is the Laplacian edge detector. In 
one of its useful variations, Laplacian is preceded by 
the noise smoothing operation commonly known as 
Laplacian of Gaussian (LoG). 
 
III. LAPLACIAN EDGE DETECTOR 
 
 Given an image matrix, the Laplacian of the 
image function is the second order partial derivatives 
along x and y directions. 
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In the digital approximation of the second order, 
partial derivative in x direction is 
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Similarly, the second order derivative along y 
direction is given by, 
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Both the approximating Equations (5) and (6) are 
centered around the point (r-1,c-1). Conveniently, this 
pixel could be replaced by (r,c). The corresponding 
Laplacian masks for convolution are given by 
 

 
 

It may be necessary to add higher weights at the 
center pixel. The restriction is that the sum of all the 
weights of the mask must add to zero. 
 
IV. LAPLACIAN OF GAUSSIAN (LOG) 

EDGE DETECTOR 
 

The weight distribution in a Laplacian mask 
evokes strong response to stray noise pixels. It 
indicates that some sort of noise cleaning preceded by 
Laplacian should provide a better result. For noise 
cleaning, one may employ Gaussian smoothing. Then 
the resultant algorithm is Laplacian of Gaussian 
(LOG) edge operator. 
 
The algorithm steps are given as follows, 

1. Smooth the image intensity g(r,c) by 
convolving it with a digital mask 
corresponding to Gaussian function. 

2. Apply the Laplacian mask on the smooth 
image intensity profile. 

3. Find the zero crossing in the image 
subjected to Laplacian second derivative 
operator.  
Mathematically, 
  

 ),(*),(),( 2 crGcrgcrg   (7) 
 
Which, following the rule of convolution, 
becomes 

 ),(*),(),( 2 crGcrgcrg   (8) 
 

Extracting edge points or edgels by detecting zero 
crossing in the second derivative still suffers from the 
problem of false alarm i.e. a non-edge pixel may be 
marked as edge pixel. This is because even a small 
non-linear variation in intensity profile gives rise to 
zero crossing in second order derivative. The problem 
may be surmounted by considering both first and 
second order derivatives. In that case an edgel is said 
to be present if there exists a zero crossing in second 
derivative and if magnitude of first derivative exceeds 
a thresholds at the same location. 
 
V. RESULTS WITH LOG EDGE 

DETECTOR 
 
 In this experimentation we have explored 
Laplacian of Gaussian (LOG) as edge detection 
techniques for extraction of edge information. This 
edge information is further used by PCA for 
dimension reduction and whitening data matrix. The 
face images are used with variation of pose, 
illumination and facial expressions. Here the facial 
position looking left, right, up, and down are 
considered. In this experiment, we considered the 
images from Indian and Asian face database as the 
database has sufficient number of sample images for 
pose variations. Face images for illuminations and 
facial expressions variation are used from Asian face 
database. Principlecomponent analysis is one of the 
important method we have used here and evaluated 
results. The test image and the recognized image 
from gallery set using PCA algorithm is shown by 
Fig. 1. 
 

 
 

Figure 1. Input and Output Image of Algorithm 
 

Table 1,Result with PCA + LOG 

 
 
 In these experimentations we have used two 
distance metrics L1 and L2. The results of PCA 
algorithm with L1 and L2 distance metrics [10] with 
variation in pose, illumination and expressions are 
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shown in Table 1. In this experimentation we have 
used four sets of principle components like 25, 50, 
100 and 200. The results achieved by PCA method 
are varying from 60% to 76%. Specifically the results 
achieved by combination of PCA+L2 norms are 
almost 76% when the numbers of principle 
components are used 25 for pose and expression 
variations. 
 
CONCLUSION  
 

In this study we have used edge detection 
techniques for extracting the edge information. The 
technique used here is LOG edge detectors. In this 
experimentation we have extracted edge information 
from facial images and then preprocessing is 
performed using PCA. Here PCA helps for dimension 
reduction and whitening of matrix. After 
preprocessing using PCA then principle components 
are obtained by using covariance matrix. The 
recognition accuracy achieved by LOG with PCA is 
76 % and encouraging when number of principle 
components is 25 and 50. Finally the overall results 
of edge information with PCA algorithms are 
encouraging and it gives the different way of 
interpretation of results in the face recognition area.  
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