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Abstract— Face recognition is an interesting and challenging problem, and has important applications in many areas such 
as identification, authentication, security system access, and personal identification. In this paper we presented a novel 
approach for face recognition using LAW mask, which is very simple and straight forward.In the proposed method the face 
image is first divided into four small regions and LAW mask is applied that aim to filter the each regions. Then the statistical 
parameters like mean, standard deviation and absolute mean are calculated as features.This feature vector forms an efficient 
representation of the face and is used to measure similarities between images. KNN classifier has been applied for 
classification. Result shows as the image divided into smaller sub-regions the recognition rate increases.  
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I. INTRODUCTION 
 
Face recognition, has beenone of the most active 
research areas in computer vision, patternrecognition 
and biometrics. Several face recognition methods 
havebeen discussed in the literature. Feature 
extraction and classification are two key steps of a 
facerecognition system [1,2]. Feature extraction 
results an effective representationof face images to 
decrease the dimensionality and computational 
complexity of the classifier. Therefore, in order to 
improve therecognition rate of a face recognition 
system, it is crucial to finda good feature extractor 
and an effective classifier. Basically two types of 
features geometric features andappearance features 
are usually considered for facial representation. 
Geometric featuresdeal with the shape and locations 
of facialcomponents (including mouth, eyes, 
brows,and nose), which are extracted to represent the 
face geometry [3].  Appearance featurespresent the 
appearance changes (skin texture) of the face 
(including wrinkles, bulges andfurrows), which are 
extracted by applying image filters to either the whole 
face or specific facial regions [4]. The geometric 
features based facial representations commonly 
requireaccurate and reliable facial  
feature detection and tracking, which is difficult to 
accommodate in real-world unconstrained scenarios, 
e.g.,  
under head pose variation. In contrast,appearance 
features suffer less from issues of initialization and 
tracking errors, and canencode changes in skin 
texture that are critical for facial expression 
modeling.  
HemprasadY. Patilet al, proposed facial 
representation basedon Local Binary Pattern (LBP) 
features for person-independentfacial expression 
recognition [19].  
The mostimportant properties of LBP features are 
their tolerance against illumination changes and their 
computational simplicity.Shermina.J et al applied 

Discrete Cosine Transform (DCT) and Principal 
Component Analysis (PCA) for face recognition 
[5,6]. The low frequency components of DCT are 
used to normalize the illuminated image, odd and 
even components of DCT is used for compensation in 
illumination variation and PCA is used for 
recognition of face images. Neelamma K. Patil et al 
suggested a new method of face recognition using de-
correlation of local features using Discrete Wavelet 
Transforms (DWT) which improves the recognition 
accuracy and also performs well with images with 
partial occlusion and images with lighting variations 
as the local patch of the face is divided into several 
different patches [7]. Sara Nazari et al.  applied 
Gabor wavelet filter on whole image and non-
overlapping sub-images with equal size to extract 
local and global features [8]. Mohamed Aly applied 
Scale Invariant Feature Transform (SIFT) to extract 
features from images to help in reliable matching 
between different views of the same object [9]. The 
extracted features are invariant to scale and 
orientation, and are highly distinctive of the image. 
Reecha Sharma extracted the feature using PCA then 
used neuro fuzzy based system ANFIS for 
recognition [10]. The proposed system recognizes the 
face images under a variety of pose 
conditions.Complete linear discriminate analysis 
(CLDA) algorithm has been applied for face 
recognition by Gui-Fu Lu et al and also implemented 
the incremental CLDA method which can accurately 
update the discriminant vectors of CLDA when new 
samples are inserted into the training set. Mehran 
Kafai et al recognize an unknown face using an 
external reference face graph (RFG) [11]. An RFG is 
generated and recognition of a given face is achieved 
by comparing it to the faces in the constructed RFG. 
RFG-based face recognition algorithm is robust to the 
changes in pose and it is also alignment free. 
The remainder of this paper is organized as follows. 
In Section 2, the details of LAW Mask technique is 
explained very specifically. Section 3, the proposed 
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Law mask based method. Section 4, shows the 
experimental results and Section 5 concludes the 
paper. 
 
II. FEATURE EXTRACTION BY LAW MASK 
 
Feature extraction is the process of obtaining higher-
levelinformation of an image such as shape, texture 
color. The texture is a key component of human 
visual system.The Laws method[12,13] uses filter 
masks to extract secondaryfeatures from natural 
micro-structure characteristics of theimage (level, 
edge, spot and ripple) which can then be used for 
segmentation or classification.The method is based 
on texture energy transforms appliedto the image to 
estimate the energy within the pass regionof filters. 
All the masks were derived from onedimensional(1-
D) vectors of five pixels length: L5, E5,S5, R5, 
respectively, describe the following features:level, 
edge, spot and ripple.  

 
 
The 2D convolution masks are obtained by 
computingouter products of pairs of vectors For 
example, the maskE5L5 is computed as: 

 
 
Similarly by convoluting any vertical one-
dimensional vector with a horizontal one, 16 two-
dimensional filters of size 5x5 were generated. 

L5L5  E5L5  S5L5    R5L5 
L5E5 E5E5 S5E5 R5E5 
L5S5 E5S5 S5S5 R5S5 
L5R5E5R5 S5R5  R5R5 

According to Laws, all the two dimensional 
masks,except L5L5 had zero mean[14].The 
magnitude of frequency response of L5 is simply 
obtained  as  

|퐻 (휔)| = |푒 + 4푒 + 6 + 4푒 + 푒 =
4(1 + cos휔)                         (1) 

Similarly forE5, S5 and R5 the magnitude of 
frequency response is as follows 

|퐻 (휔)| = 4 sin휔	(1 + cos휔) 						(2)						 
 

|퐻 (휔)| = 4푠푖푛 휔																						(3)	 

|퐻 (휔) = |	4(1− cos휔) 								(4) 
L5, S5, and R5, are zero phase lowpass, bandpass, 
and highpass filters. E5 is a bandpassfilter which 
introduces a phase change of 90° and whose passband 
is between those of L5and S5. This is confirmed by 
figure 1.Since Laws’ masks are made up from 
separable one-dimensional filters, their 
frequencyresponse may be simply obtained by 
multiplications as  

|퐻 (휔 휔 )|= |퐻 (휔 )	퐻 (휔 )| 
= 4(1 + cos휔 ) 4 sin휔 	(1 + cos휔 )				(5) 

 
Similarly for the other masks filter response are 
calculated and few plots are shown in figure 2. 
 

 
Fig. 1 : Plot of E5, L5, S5, R5 With respect to ω 

 
The 15 Law masks are convolved with the original 
image I(x,y),  of size M×N, to produce a number of 
imageswhich are themselves passed through a second 
stage. This consists of a moving window estimation 
of the energy within the images. Thus Laws’ feature 
measures estimate the energy within the pass band of 
their associated filters and he therefore called his 
operators "texture energy measures".For example, if 
we used E5L5 to filter the image I(x,y), the result was 
a “texture image” (TIE5L5). 

TI = I(x, y) ∗ E5L5           (6) 
 
 

 
Fig.2 Plot of few 2-D Law Masks 

 
After convolving the image with all the 15 masks, the 
outputs are passed to texture energymeasurement 
filters for the analysis of the textureproperty of each 
pixel, which is done by moving nonlinearwindow 
operation. Every pixel of the image isreplaced by 
comparing the pixel with its localneighborhood based 
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on three statistical descriptors[15] (mean,absolute 
mean and standard deviation). These descriptorsare 
computed as follows: 

 
W is the window size 

After the windowing operation, allthe obtained 
images(say TIW) are normalized in order to 
bepresented well as images. Min-max normalization 
methodis utilized in this work. Subsequently, for each 
normalizedimage(TINW) we compute three statistics; 
absolutemean (ABSM), mean square or energy (MS) 
and entropyas follows: 

 
These statistical values of each texture image (TI) are 
considered as features, and are arranged in a vector to 
generate the feature vector. 

 

 
Fig3: Steps of face recognition using LAW Mask 

 
III. FACE RECOGNITION  BY LAW MASK 
 
A face image can be seen as a composition of micro-
patternswhich are described by convolution with 
LAW Mask.When the LAW Mask computedover the 

whole face image it encodes only the occurrences of 
themicro-patterns without any indication about their 
locations. Toalso consider the shape information of 
faces, we divide the face images into fourlocal non-
overlapping regions as shown in fig.4. However, 
dividing theface image into a grid of sub-regions is 
somewhat arbitrary, andthe sub-regions used are not 
necessary well aligned with facialfeatures. 
Furthermore, thesub-regions need not be rectangular. 
For example, theycould also be circular. Each sub-
region is filtered with the 15 Law Masks. Then 
statistical parameters (ABSM, MS, Entropy) are 
calculated for all these sub regions and concatenate 
into a single feature vector. When the Law Masks( 15 
masks)  are applies to the entire image it results 15 
filtered image (few are shown in figure 5). For each 
filtered image three statistical parameters are 
calculated and concatenated to single feature vector. 
So the feature vector contains total 15*3=45 values 
per image.Figure 3 describes the procedure step by 
step.Similarly the feature vector is calculated for all 
the images in the training and testing data base, which 
are given as input to KNN classifier for classification. 

 

 
Fig. 4 : Facial Image Devided into 4 Non-Overlapping Regions 

 
The K nearest neighbour (KNN) classifier is an 
extension of the simple nearest neighbour (NN) 
classifier system. The nearest neighbour classifier 
works based on a simple nonparametric decision. 
Each query image Iq is examined based on the 
distance of its features from the features of other 
images in the training database. The nearest 
neighbour is the image which has the minimum 
distance from the query image in the feature space. 
The distance between two features can be measured 
based on Euclidean distance. 
 

 
Fig.5(a) Original image (b)filteed with L5R5 (c) filteed with 

E5L5  (d) filteed with L5E5 
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(a)                    (b)                            (c)   

Fig. 6 : (a) original image  (b) Image devided into 4 sub regions 
(c) First sub region filtered with LAW mask. 

 
IV. RESULT DISCUSSION 
 
For validation of the effectiveness of the proposed 
method, extensive experiments are carried out by the 
platform of Matlab 2014a.The database used in this 
paper is ORL  Database, which contains 400 images 
of 40 different persons ten images for each person. 
The database is first divided into two sets containing 
5 images per person  in a set i.e total 200 images in 
each set. One is termed as training data base and the 
other as testing database. Size of each image is 
64*64. 
Each image is convolved with the 15 Law masks, and 
three statistical parameters are calculated for each 
filtered image. So total 15*3=45 parameters are 
concatenated into a single vector and is termed as the 
feature vector. Then image is divided into 4 sub 
regions, so each region size is 32*32. Then applying 
Law masks(15) to each sub regions total 15*4=60 
filtered image are calculated. The three statistical 
parameters(ABSM, MS, Entropy) are calculated 
forwindow size (W) 3*3, 5*5 and 7*7. So the feature 
vector has 60*3=180feature point per image, KNN 
with 5nearest neighbor is implemented, and the 
results are compared. 

 
Table 1 (Window size W=3*3) 

 
 

Table 2 (Window size W=5*5) 

 
 

Table 3 (Window size  W=7*7) 

 

From the tables it is clear that as the image is sub 
divided into 4 sub region the recognition rate 
increases, simultaneously the time complexity also 
increases. Dividing the image into sub regions also 
increases the no of feature point tremendously. Also 
it is clear that when size of filter increases the 
performance increases. 
 
CONCLUSION 
 
In this paper, we proposed a novel law mask based 
facerecognition, which helps for better identification, 
authentication, security system access, and personal 
identification of the human. We ensured from the 
results that proposed novel law mask based 
facerecognition has better  
mean, standard deviation and absolute mean. The 
practical results showed that proposed method is 
simple and effective compared to sate of art face 
recognition methods. Finally, KNN classifier has 
been applied for classification. The Result shows as 
the image divided into smaller sub-regions the 
recognition rate increases. 
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