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Abstract— Recognizing facial expressions of human beings by a computer is an interesting and challenging problem. Facial 
feature extraction consists in localizing the most characteristic face components such as eyes, nose, and mouth regions 
within the face images that portray the human faces. In this paper, combination of Local Binary Pattern (LBP) and Principal 
Component Analysis (PCA) is presented. LBP code is used as texture descriptor of the face image.LBP is used for their 
tolerance against different facial expressions, different lighting conditions. The eyes and nose region is extracted from the 
LBP face image. PCA is used for dimension reduction of the feature vector.The complete system has been tested on the 
standard Olivetti Research Laboratory (ORL) databasesof people under different facial expressions. 
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I. INTRODUCTION 
 
The face is one of the most important biometric 
features of the human beings and usually used as 
identification. Recognizing the different human faces 
is not a difficult task for humans, but it is quite hard 
to the system to recognize the human faces. Face 
recognition is an active research area, and they can be 
used in wide range applications such as surveillance 
and security. Face is a complex multidimensional 
structure and needs a good computing technique for 
recognition. Face recognition system can be used in 
two modes: Verification and Identification. 
Verification involves 1:1 matching, whereas 
Identification involves 1: N matching. Usually face 
recognition system is categorised as face detection 
phase, feature extraction phase and face recognition 
phase. Facial feature extraction consists of localizing 
the most characteristics features of the face image 
like eyes, nose and mouth regions.  

 
Today most consumer electronic devices such as 
mobile phones, laptops, video game consoles and 
even televisions include a small camera enabling a 
wide range of image processing functionalities 
including face detection and recognition applications. 
For instance, a renowned TV manufacturer has built-
in a camera to some of their television series to make 
a new feature called Intelligent Presence Sensor 
possible. The user’s presence is perceived by 
detecting faces, motion, and position and even age, in 
the area in front of the television and after some time 
with no audience, the set turns off automatically, thus 
saving both energy and TV life. There are two types 
of method to extract features from the facial images 
and they are: Geometric features and 
appearancefeatures. Geometric feature considers the 
deviation in shape, location, space between two eyes 
and length of the nose. The appearance feature 
presents the appearance variations of the face image, 
such as wrinkles and furrows. The appearance feature  

 
needs to be extracted on either the whole face image 
or specific regions in a facial image.LBP generate the 
binary code that describes local texture pattern by 
normalizing intensity values in neighbourhood. The 
eyes and nose region is extracted from the LBP face 
image and then LBP histograms are drawn for each 
pixel of the image.PCA is applied on the LBP feature 
vectors to reduce the feature vector size.PCA is a way 
of identifying patterns in data and expressing the data 
to highlight their similarities and differences. In this 
paper we concentrate on only eyes and nose region of 
the face image. 
 
The paper is ordered as follows section II covers the 
related work, section III covers the proposed 
methodology used in this paper, section IV illustrates 
the results and section V describes on conclusions 
and future work. 
 
II. RELATED WORK 
 
The Verification system authenticates a person’s 
identity by comparing the captured image with 
his/her own template(s) stored in the system. It 
performs one to one comparison .An identification 
system performs one to many comparison. The goal 
of PCA is to reduce the dimensionality of the data 
while retaining the information (with no redundancy) 
as much as possible in the original dataset [1].PCA 
allows to perform a linear transformation that maps 
data from a high dimensional space to a lower 
dimensional sub-space. 
 
Etemad [2] combines the Linear Discriminant 
Analysis (LDA) and PCA for different aspects of 
human faces in the spatial and in the wavelet 
domain.PCA is proper to dimension reduction and if 
number of training samples is large, then LDA is 
proper to pattern classification PCA identifies the 
variability between the face images. Timo Ahonen [3] 
explains about the facial images as a collection of 
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micro patterns such as flat areas, spots, lines, and 
edges which can be more described by LBP. Jie Zou 
[4] explains that local region matching is more 
appropriate for machine face recognition. Local 
matching methods can extract facial features with 
different levels of locality and take advantages of fine 
feature quantification. 
 
The discrimination based only on a small portion of 
the face area (eyes and nose region) is found 
good.LBP operator [5] is invariant against any 
monotonic transformation of the gray scale. This 
should make it moreeye-catching in scenarios where 
non uniform illumination conditions are a 
apprehension. 
 
Timo Ojala suggested that coarseness, edge 
orientation, and contrast are important textural 
properties. The LBP histograms provide the 
information of texture orientation and coarseness of 
the face image. The method is based on recognizing 
local binary patterns, termed “uniform”, which are 
the fundamental properties of local image texture and 
their occurrence histogram is proven to be a very 
powerful texture feature. The use of LBP features is 
that the face image is found to be the combination of 
micro patterns which are invariant with respect to 
monotonic grayscale transformations. Ojala observed 
that choosing an operator that produces large amount 
of different labels makes histogram long and this will 
impact on recognition performance. 
 
The LBP is applied on the input test image and then 
LBP face image is first divided into small regions 
from which Local Binary Pattern (LBP) histograms 
are extracted and concatenated into a single, feature 
vector representing the face image [6].T. Ahonen 
uses one of the nearest-neighbor classifier called 
Histogram intersection for comparing the two face 
images. 
 
A new approach for face recognition which considers 
both shape and texture information to represent the 
face images was proposed. The textures of the facial 
regions are locally encoded by the LBP Patterns. 
Another extension to the original operator uses so 
called uniform patterns. If Local Binary Pattern 
contains at most two bitwise transitions from 1 to 0 or 
vice versa then it is called consistent provided when 
the binary string is considered circular. For example, 
11111111, 00101111 and 10111111 are uniform 
patterns. When the LBP face image has been divided 
into ten regions, it can be expected that some of the 
regions contain more useful information than others 
in terms of distinguishing between persons.  
 
The proposed face representation was easily extracted 
in a single scan through the image, without any 
complex analysis as in the EBGM algorithm. The 
operator labels the pixels of an image by thresholding 

the 3x3-neighbourhood of each pixel with the center 
value and considering the result as a binary number. 
Then the concatenated histogram can be used as a 
texture descriptor. Within a few years many of the 
algorithms have been proposed and improved. Face 
detection is still limited by some the factors. E.g. 
Variant poses, illumination (lighting effects) 
condition, expression, hairstyle and different camera 
equipment. The performance of face detection can be 
decreased due to the above mentioned examples. In 
addition, occlusion is another of factor to affect the 
result of face detection rate e.g. make-up, sunglasses. 
Variant pose is occurred because of people not 
always orient to camera. The quality of the face will 
be affected by different lighting and the quality of 
camera. Different expression in the face is presented 
with different information to the machine.. Face 
detection not only deals with different faces, however, 
it needs to deal with any optional object e.g. Hairstyle, 
sunglasses [7]. 
 
LBP is suitable for feature vector needed for fast 
processing. In the past ten years, the operator has 
been widely used in texture classification, image 
retrieval and other areas such as facial image analysis. 
Because of the direct and simple calculation, 
insensitivity to the light and rotation, capability for 
capturing image detail, the operator can extract the 
patterns of local region which are more favourable. 
The image can be considered as a sample of a 
stochastic process, if the image elements are of 
random variables type [8].The PCA basis vectors are 
defined as the eigenvectors of the scatter matrix. PCA 
technique allows the system to represent the 
necessary information for comparing the faces using 
the little information once the mathematical 
representation accomplished which it is need to have 
a lot of faces to be store.PCA is useful in linear 
regression in several ways Identification and 
elimination of multi-colinearities in the data [9]. 
 
PCA projects the data along the directions where the 
data varies the most. The eigenvectors calculated 
from the covariance matrix corresponds to the largest 
Eigen values. The magnitude of the Eigen values 
corresponds to the variance of the data along the 
eigenvector directions[10]. 
 
III. PROPOSED METHOD 
 
In this paper we propose, combination of Local 
Binary Pattern and Principal Component Analysis on 
eyes and nose region for the face recognition.LBP 
helps to recognize face image with small orientation, 
illumination variances and expression. PCA will 
reduce the length of the feature vector. LBP operator 
works with 8 neighbours of pixel, using value of 
centre pixel as a threshold. All neighbours that have 
values higher than the value of central pixel will be 
given value 1 and all those that have lower or equal to 
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value of central pixel will be given value 0.The eight 
binary numbers associated with 8 neighbours are then 
read sequentially in the clockwise direction to form a 
binary number. This binary number or its equivalent 
in decimal system may be assigned to central pixel. 
The LBP feature vector, in its simplest form, is 
created in the following manner: Divide the examined 
window to cells (e.g. 33x28 pixels for each cell). For 
each pixel in a cell, compare the pixel to each of its 8 
neighbours. Where the centre pixel's value is greater 
than the neighbour, write "1". Otherwise, write "0". 
This will give an 8-digit binary number (which is 
usually converted to decimal for convenience). This 
binary number will be considered in clockwise 
direction. Compute the histogram, over the cell, of 
the frequency of each "number" occurring (i.e., each 
combination of which pixels are smaller and which 
are greater than the centre). Optionally normalize the 
histogram. Concatenate normalized histograms of all 
cells. This will give the feature vector for the window. 
 

 
Figure 1Test image (left),          LBP Image (right) 

 

 

 
Figure 2 Sample LBP Images 

  

 
Figure 3 The Original LBP operator 

 
 

 
Figure 4 Tzone LBP 10 regions 

 
The Tzone image consists of eyes and nose region. 
Tzone is extracted from the LBP face image and then 
tzone image is divided into 10 regions.LBP 
histograms are generated for each window region. 
 

 
Figure 5 LBP Representation 

 
The input test image will be checked with set of train 
images, if test image doesn’t match with first train 
image then it checks for second train image and the 
process continues for all train images until match is 
found. 
 
As illustrated in the below figure 6, we apply LBP on 
both Train and Test Images. Tzone region can be 
extracted from LBP feature vectors and then PCA is 
applied on both Train images and test image to 
reduce the length of the feature vectors. 
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Figure 6 Design Overview 
 
After dimension reduction we apply Chi-square 
Statistics equation for comparing the two reduced 
feature vectors. 
 

 
 

Figure 7 Individual Histogram for every region [1] 

 
Figure 8 Combination of all regions 

 

 
                             Figure 9 Eigen Faces 
 
The Training images involve individual’s face image, 
whereas Testing images involve face images with 
three variations (illumination, facial expression. small 
orientation) of each individual. Linear projection 
method is used to reduce the number of parameters. 
PCA transfers a set of correlated variables into a new 
set of uncorrelated variables and maps the data into a 
space of lower dimensionality.PCA can be viewed as 
a rotation of the existing axes to new positions in the 
space defined by original variables. New axes 
corresponds to the directions with highest variability 
and are orthogonal. The PCA steps carried out for 
dimension reduction can be explained as: 
First step is to calculate the mean of the LBP feature 
vector and then calculate the deviation to make 
covariance calculation easier. Third step is to 
calculate covariance matrix using standard formula. 
Fourth step is to calculate the Eigen vectors and 
Eigen values of the covariance matrix. Then reduce 
the dimensionality by eliminating the Eigen vectors. 
he Eigen vector with the highest Eigen value is the 
principal component of the dataset. Final step is to get 
the final data using standard formula. 
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Figure 10 Face Images with different expression 

 
IV. RESULTS AND DISCUSSION 
 
The face recognition system using LBP was 
implemented to recognize the face images with 
different facial expressions, different lighting 
conditions, and small orientations. The Olivetti 
Research Laboratory face database was used in our 
experiments. 
 
We tested for 16 train images, each individual with 
three variations. The numbers of test images 
considered are 50, out of 50 images 42 test images 
got passed and rest failed. Recognition performance 
is reported in Table 1. 
 
                   Table 1 Recognition Rate 
 

 
 
The ORL database comprises of 50 test images with 3 
samples for each person. The samples are grey scale 
and sized at 112*92 pixels. All the images were taken 
against a dim background with the subjects in an right 
oriented, front position, with acceptance for some 
tilting and with small alternation. Both Train and Test 
input images are resized to image size of 
200*140.Tzone image size is of 66*140.After 
applying PCA, the feature vector get reduces from 
9240*16 to 15*15 for Train images. Chi-Square 
equation is used to compare the reduced feature 
vectors. 
 
Finally, the results show that LBP is robust against 
the variations in different facial expressions, different 
lighting conditions, and small orientation. 

 
Figure 11 Sample Positive Images 

 

 
Figure 12 Sample Negative Images 

 
CONCLUSIONS AND FUTURE 
ENHANCEMENTS 
 
In this paper, Local Binary Pattern has been applied 
to normalize images under varying illuminations and 
expression.   
To enhance the accuracy of recognition only TZone 
area consisting of eyes and nose have been taken 
from LBP input. The results yielded good recognition 
accuracy  
 
Although PCA has been considered as a simple, 
efficient linear subspace method, many nonlinear 
techniques such as kernel PCA can be used. Certain 
nonlinear methods with certain classifiers do yield 
better performances consistently than others. The 
following works can be carried out in future to 
improve the face recognition. Improve the 
recognition accuracy by trying new classification 
techniques. If the number of train image size is large 
then use nonlinear recognition techniques. 
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