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Abstract— Face recognition offerings a great challenging 

problem in the field of image analysis and human computer 

interface, and has received a great deal of attention over the 

last some years because of its many applications in various 

field. Here in proposed system we use a novel Local 

descriptor, i.e. Local directional number pattern [LDN] 

method for face detection and recognition. We encode the 

directional information of the face images by convolving the 

face image with the compass mask. And the compass mask is 

used to extract the edge response values in eight directions in 

the neighborhood. We encode such information using major 

direction information (directional numbers) and sign’s 

which allows us to generate the LDN code, corresponding to 

that an LDN face image is generated. We divide this face 

image into various blocks or regions and extract the 

distribution of the local patterns or local features from them. 

Then we concatenate these local features from various blocks 

to form feature vector and later we use it as a face descriptor 

to distinguish between the face images. We will perform 

different experiments in which our descriptor’s performance 

under illumination, noise, and time lapse variations will be 

tested out. 

 

Keywords- Face Recognition, Face descriptor, local binary 

pattern, local directional pattern, local directional number 
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I.  INTRODUCTION  

     During the last few years, Biometric has been played 

an important role in various fields such as surveillances, 

human computer interface, and security identification. It is 

an automatic method of recognizing any person’s identity 

by comparing the feature vector’s which is derived from 

the physiological and behavioral characteristics [1][2]. 

The common physiological characteristics include, 

fingerprint geometry, face recognition, palm recognition, 

iris recognition etc [2].  

   Among them face recognition system is more easily 

understand and acceptable by the users, because facial 

images can be easily captured from a distance by using 

few in-expensive camera without user participation or any 

risk of health. Face recognition is used to determine the 

any person’s identity. Biometric system is used because 

there are several limitations in the traditional based 

system like password may be stolen by any unauthorized 

person, or password forgotten, Tokens may be forgotten, 

or mis-placed, stolen or lost. Whereas, in Biometric 

recognition systems it cannot be stolen or forged [3]. 

   During the last few years, Local Binary Patterns (LBPs) 

have aroused increasing interest in image processing and 

computer vision. Due to characteristics of non-parametric 

method. LBP summarizes local structures of images 

efficiently by comparing each pixel with its neighboring 

pixels. The Most important properties of LBP method  is 

that it can tolerate  in monotonic illumination changes and 

its computational simplicity. LBP was originally proposed 

for texture analysis and has proved a simple yet powerful 

approach to describe local structures.  Presently, there are 

many face representation techniques used including 

Principal Component Analysis (PCA), Independent 

Component Analysis (ICA), Linear Discriminant Analysis 

(LDA), Gabor face, Local Binary Patterns (LBP), LGBP, 

CS-LBP, GV-LBP, Local Directional Pattern (LDP) etc. 

Among them LBP has gained more attraction towards its 

simplicity and excellent performance in face recognition 

and texture analysis.  

   The original LBP operator is an effective texture 

descriptor with LBP codes that encode the local 3*3 

neighborhood structure around each pixel with the centre. 

Every pixel gets a binary number by thresholding its 8-

neighbor gray values with its center value. Due to its 

flexibility, the LBP method can be easily modified to 

make it suitable for the needs of different types of 

problems. Therefore, many extensions and changes done 

of LBP have been proposed and can be learned in the 

literature. To capture different scales of texture, the 

original LBP operator was later extended to LBP
U2

P,R 

operator where the notation (P,R) denotes P sampling 

points on a circle radius of R and u2 denotes the operator 

that stands for using uniform patterns and uniting all 

remaining patterns to a single pattern. LBP operator is 

Robust to monotonic illumination variation, but it is 

sensitive to non-monotonic illumination change and 

random noise.  

    Zang et al. proposed a more robust facial feature based 

on Local directional patterns (LDeP) to produce better 

result than LBP. Both methods use other information, 

rather than intensity values, to overcome noise and 

illumination changes problems. But however, these 

method still having problem regarding non-monotonic 

illumination variation like changes in age, expression and 

random noise conditions. In this paper, proposed a face 

descriptor, Local Directional Number Pattern (LDN), for 
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robust recognition of face that encodes the structural 

information and the intensity variations of the faces 

texture. LDN encodes the structure of a local 

neighborhood by analyzing its directional information. 

 

II. LITERATURE REVIEW 

    Currently two approaches are used to extract facial 

features of images: geometric facial features and 

appearance based features method.  

    The geometric feature based method computes the 

locations and shape information’s of different facial 

components example like nose, mouth, eye, distance 

between nose and the eye region. These facial components 

are then used to form the feature vector which represents 

the geometry of the face. The method like local & global 

graph algorithm is used to represent the face of geometric 

facial feature based approaches. But there is a limitation 

with this approach this method always required very 

accurate and consistent facial features recognition, which 

will be very difficult in a different environments and 

situations.  

   Whereas, the appearance based method uses images 

filters like Gabor Wavelets applied either on the whole 

face image or some specific region of the face image to 

extract the feature vector which will helpful to extract the 

appearance changes in the face images [4]. Image filter 

applied on the whole face, to create the holistic features or 

some specific face region to create the local features. The 

appearance based method’s performance is good in 

controlled environment but their performance degrades in 

environmental changes. The methods which are used in 

the holistic based are Eigenfaces using Principal 

Component Analysis(PCA), Fishserfaces using Fisher 

linear discriminant (FLD). And the method used in the 

local features is Gabor features, EBGM, LBP. Among 

them LBP method is better in terms of performance. 

 

 

 

 

 

 

 

 

 

 
  

                Figure 1.  Face recognition features. 

 

A. Local Binary Pattern(LBP) 

     T.Ahonen et al. in [5] gives information about  LBP 

which is a 3*3matrix in which eight neighboring pixel 

intensity is compared with the intensity of the central 

pixel, resulting negative values are encoded with 0 values, 

and the positive values are encoded with 1 value. And 

corresponding binary code is generated for each given 

pixel by adding all these values from top left corner in 

clock-wise direction and corresponding to binary value 

decimal value is obtained which is used as the LBP code. 

By using LBP code which is then used to label the each 

given pixel of an image.  LBP code images are then 

divided into number of blocks which is then used to 

calculate the histogram of each block. Then concatenate 

histogram’s of each block to form the feature vector 

which is then used to distinguish between the two images. 

LBP is simple, and robust to monotonic illumination 

changes, but however this method is very sensitive to 

random noise. This method also lacks to capture the 

dominant information due to less neighboring pixel used 

which is not much effective in large scale structures, and 

not very accurate. 

 
         Figure 2.     The basic LBP operator [5]. 

 

B. Extended LBP(ELBP) 

   To overcome the problem of basic LBP regarding 

capture of dominant information in large scale structures 

an extended LBP is developed which uses neighborhood 

of different sizes in a circular space (P,R), where P 

represents the sampling points in space and R is the radius 

[6] [8]. 

 
Figure 3. Example of ELBP operator the circular (4, 0.5),(8,1) & (16, 2) 

[6]. 

 

C. Local Ternary Patterns(LTP) 

   LBP is sensitive to noise to overcomes this problem, 

Tan and Triggs introduced a generalization of LBP called 

Local Ternary Patterns(LTP) [7] which is less sensitive 

and more discriminative to noise in uniform regions.LTP 

is a 3 coded value 1,0, & -1.  In LTP gray levels in a zone 

of width ± t around ic  are quantized to zero, one above 

this are quantized to +1, and one below to it quantized to  

1. One problem of using this method is to set threshold t, 

which is not a simple [8]. 

 

 
 

Figure 4.  Illustration of basic LTP Operator [7]. 

Face Recognition Features 

Holistic Features   Local Features 

   PCA    LDA  LBP  Gabor      
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III. PROPOSED SYSTEM 

     In the proposed system we are going to use the Local 

Directional Number pattern method ,  it’s a six bit binary 

code which are assigned to each pixel of an input image 

that represents the structure of the texture and its intensity 

transition. This is done by computing the edge response 

value of the neighborhood using compass mask, and by 

taking the top directional number pattern i.e. by taking 

most positive and negative directions of those edge 

response.  

    The positive and the negative responses provide 

valuable information of the structure of the neighborhood, 

as they provide  gradient information about direction of 

the bright and dark areas in the neighborhood [9]. 

Thereby, this distinction between dark and bright 

responses, allows LDN to distinguish between blocks with 

the positive and the negative direction swapped by 

generating a different code for each variations, while other 

methods may mistake the swapped regions as one. 

Furthermore, these transitions occur in the face, for 

example, the top and bottom edges of the eyebrows and 

the mouth have different intensity values. Thus, it is 

important to differentiate among them; LDN can 

accomplish this task as it assigns a specific code to each 

of them. In addition to this there are number of kernel or 

compass mask which can be used as filter like Laplacian, 

Gaussian, Prewitt, and Sobel etc. In the previous work 

related to proposed system used Kirsch’s Compass Mask 

to extract the directional information of the input image.  

 
 

Figure 5.  Kirsch’s Template in eight directions [9]. 
 

    Here, in  proposed system we use Kirsch’s as Compass 

Mask along with Sobel operator or Lapalacian of 

Gaussian(LoG) operator  which is convolve with the input 

image to obtain the directional information then identify 

the maximum and minimum direction values which 

generates the LDN code corresponds to that  LDN image 

is generated. This LDN face image is further divided into 

several blocks or regions, and for each region a histogram 

is computed. Finally all the histograms are concatenated 

to get the LDN histogram which is used to describe the 

face called face descriptor. This LDN histogram is 

compared with the LDN histogram of the stored image in 

the database for recognition of faces. This is done by 

using the chi-square dissimilarity measure, the distance 

which is minimum will give us matched image. 

 

 

 
 
 

 

        

The mask for the sobel operator are shown below. 

 

 

 
 

 

 

 

 
             Figure 6. Example of  Sobel operator in eight  directions. 

 

 
        Figure 7. Example of LDN histogram extraction [9]. 

 

   The key points in this proposed method are: 

1) The coding scheme of LDN which is based on 

directional numbers, instead of small piece strings, which 

encodes the directional information of the neighborhood 

in a more effective way. 

2) This LDN method gives six bit compact binary code 

compared to other methods like LBP, LDP etc. 

3) The use of more information makes this method more 

robust against illumination changes and noise.  

 

 
                         

  
      Figure 8.   Proposed Face Recognition Architecture Using LDN. 
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   Our Proposed System is divided into following 

modules: 

Face Detection: Collect the face images or capture the 

face from given input image. 

Face Alignment: Pre-processing the data before 

extracting the features from the data, its function is to 

eliminate the noise from the data, and to resize the data so 

that all the data to be compared should have same 

dimensions. 

Feature Extraction: To extract the important features   

from the face image. This face features are termed as face 

descriptor. Each  Object (Face) has its own face 

descriptor. 

Classification: To recognize/classify the object, its face 

descriptor is compared with the face descriptor of 

remaining objects in the database. For this we are using 

Chi-Square dissimilarity measure (distance formula) 

between the two face descriptors. The object (face) which 

has smallest value after comparison is treated as 

recognized object. 

 

Mathematical modeling 

   Here the input image of an object is denoted by f(x,y). 

x & y represents the coordinates of an image and f(x,y) 

represents intensity or gray level of an image. The input 

image may be color or monochrome. If it is color image it 

is converted into gray image first and then processed. To 

produce the LDN code compass mask is used. Here two 

different masks are used: Kirsch &  Sobel or LoG. 

 

The input image f(x,y) is processed to get the LDN code 

LDN(x,y )= 8ix,y+jx,y                                                                            (1) 

The directional number for maximum & minimum 

response is calculated by 

 ix,y  =  arg max{π
i
(x,y) | 0 ≤  i ≤ 7}                            (2)                                 

                    i 
 j x,y =  arg max{π

j
(x,y) | 0 ≤  j ≤ 7}                           (3)                              

                     j 

 
The convolution is done by 

Π
i
= I*M

i                                                                                                         
(4) 

Where I is the original image and M
i
 is ith mask. 

The Kirsch compass mask used is as shown in figure 5. In 

addition to it we are using sobel mask which is calculated 

as gradient space as per the equations given below. 

The sobel mask is calculated by, 

gx = df/dx = (z7+2z8+z9) - (z1+2z2+z3)                        (5) 

and 

 gy = df/dy = (z3+2z6+z9) - (z1+2z4+z7)                       (6) 

The magnitude of the gradient is approximated by  

M(x,y)= |gx| + |gy| 

 

Then the entire face image is divide into 3x3 =9 regions. 

For each region the histogram bin is calculated by 

H
i
(c) =  ∑    ʋ ∀ c                                                      (7) 

            (x,y) ∈  R
i  

 

          LDN(x,y)  = c 

Where c is LDN code and (x,y) is pixel position in the 

region R
i
. 

Finally LDN Histogram (LH) is calculated using 

   ∏    
                                                          (8) 

 

The histogram obtained such represent the feature vector 

for that individual face. Hence for all faces in the database 

we have this feature vector. These are then compared with 

Chi-Square dissimilarity measure. 

          = ∑
(           )

 

             
 
                                 (9)         

 

Where F1 and F2 are two feature vectors.     

                                                                                         
Similar steps are taken with Sobel Operator. 

 

 

IV. RESULT ANALYSIS: 

 
TABLE I.  ANALYSIS OF FACE RECOGNITION RESULTS 

 

 
Data-

set# 

No.of 

training 

images 
(5images 

of 10 

persons) 

No.of 

testing 

images 
(2images 

of 10 

persons) 

Recog-

nized 

correctly 

Inco- 

rrect 

Recognition 

rate = no. of 

images 
recognized 

correctly/total 

test images 
X 100 (%) 

 

1 

 

50 

 

20 

 

15 

 

5 

15/20  x 

100=75% 

 
2 

 
50 

 
20 

 
14 

 
6 

14/20  x 
100=70% 

 

 
 

V. CONCLUSION 

    In the proposed system we use LDN method, which is 

six bit binary code obtain by Convolving the kirsch’s as 

filter along with Sobel operator or LoG with input image. 

This six bit LDN code is compact as compared to other 

method like LBP which is eight bit binary code. This 

coding scheme is based on the directional information, 

instead of small piece strings, which encodes the 

information of the neighborhood in a more effective way. 

The use of gradient information makes this method more 

robust against illumination changes and noise. 
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