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Abstract 
 

Weber Local Descriptor (WLD) is a stable and effective feature extraction algorithm, which is 

based on Weber's Law. It calculates the differential excitation information and direction 
information, and then integrates them to get the feature information of the image. However, 

WLD only considers the center pixel and its contrast with its surrounding pixels when 

calculating the differential excitation information. As a result, the illumination variation is 
relatively sensitive, and the selection of the neighbor area is rather small. This may make the 

whole information is divided into small pieces, thus, it is difficult to be recognized. In order to 

overcome this problem, this paper proposes Weber Symmetrical Local Graph Structure 

(WSLGS), which constructs the graph structure based on the 5 × 5 neighborhood. Then the 

information obtained is regarded as the differential excitation information. Finally, we 

demonstrate the effectiveness of our proposed method on the database of ORL, JAFFE and our 

own built database, high-definition infrared faces. The experimental results show that WSLGS 
provides higher recognition rate and shorter image processing time compared with traditional 

algorithms. 
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1. Introduction 

Automatic human identification is one of the interesting categories in biometric information 

which has attracted much attention recently [1]. Face recognition is one important way of 

human identification due to the way of non-contact acquisition and friendly interactive 
interface. Face recognition technology can be applied in a wide range of fields, such as identity 

authentication, access control and so on. The goal is to identify faces  in a still image or video 

regardless of variations such as pose, illumination, occlusion and expression. 

A complete face recognition system includes three modules, i.e. face detection, feature 
extraction and face matching [2]. Feature extraction is an important step. It can overcome the 

influence from different environments and extract the representative features which have a 

great impact on the recognition rates. Over the past few decades, many algorithms are 
proposed to extract the facial features. 

In 1994, Local Binary Pattern was proposed [3], which describes the local texture 

information of the image and extracts features by comparing the center pixel value with its 
surrounding pixel value. Subsequently, many local algorithms have been proposed on the 

basis of LBP. The CS-LBP [4] operator proposed by Heikkilä et al. and the DLBP [5] operator 

proposed by Yang et al. have achieved good results. Weber Local Descriptor (WLD)  is a 

stable and effective feature extraction algorithm [6], which was proposed by Chen Jie et al.. 
The operator calculates image differential excitation and direction information, and integrates 

them together. After that, Abusham [7] et al. employed the concept of graph structure for 

feature extraction and proposed the algorithm of Local Graph Structure (LGS), which has been 
demonstrated with good performance. In 2014, Mohd et al. [8] proposed a Symmetrical Local 

Graph Structure (SLGS) algorithm, which took balanced advantage of the pixels in the right 

side and left side of target pixel. 

This paper proposes the algorithm of Weber Symmetrical Local Graph Structure (WSLGS), 
which is inspired by WLD, LGS and SLGS. The algorithm is based on the neighborhood of 

5×5. It constructs symmetric graph structure in two diagonals directions based on the original 

LGS algorithm and SLGS algorithm, and see it as the differential excitation in the WSLGS 
algorithm. Then, the differential excitation information is integrated with the information of 

the WLD algorithm to get the features of the center pixel. In the implementation, we apply 

principle component analysis (PCA) [9] [10] to reduce the dimensionality of the feature matrix, 
where the principal component contribution rate is set to 0.95. Then, we employ Extreme 

Learning Machine (ELM) [11] [12] to classify the images. Through the experiments 

conducted on ORL, JAFFE and high-definition infrared face database which is built by 

ourselves, we conclude that the recognition rate of WSLGS algorithm and the time of image 
processing are better than the traditional algorithms. 

The rest of this article is organized as follows. The second section reviews the algorithms of 

WLD and LGS; Section 3 gives the detailed information of our proposed algorithm, WSLGS; 
Section 4 shows the experimental results on ORL, JAFFE and high definition infrared face 

database; Finally, we conclude this manuscript in Section 5.  
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2. Related Work 

2.1 Weber Local Descriptor 

The idea of WLD operator is inspired by Weber's law [13]. The content of Weber's law is that 

the difference threshold of sensation changes regularly with the change of the original 
stimulus. The regularity can be expressed as: 

 k
I

ΔI
  (1) 

  is the background intensity, I  is the perceptual increment threshold. And   is a Weber 

fraction, which is set as a constant. 
According to Weber's law, Chen Jie et al. introduced the differential stimulus and the 

direction of two stimulus in the description of image texture [6]. The differential excitation 

value is obtained by calculating the ratio of the center pixel value and the difference between 
center pixel and its surrounding pixels in the 3 × 3 neighborhood, which can be formulated as: 
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where P is the size of neighborhood area, which is 9. xc represents the central pixel and xi 

represents the surrounding pixels. 

The direction is the gradients of the image in the direction of horizontal and vertical, which 

is denoted as: 
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where α can be used  to magnify or shrink the difference between neighbors. λ is assigned as a 
small constant value to avoid the situation of zero denominator. 

In 2013, Li et al. [14] used the WLD operator for face recognition and achieved good 

results. 

2.2 Local Graph Structure  

The Local Graph Structure (LGS) operator considers the structure of graph, which constructs 

the graph within the neighborhood of 4 × 3, and compares the values with its adjacent pixels. 
The comparison results are noted by the binary value. Finally, convert it to the format of 

decimal number. 
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Fig. 1. Template of LGS operator 

 

An example of LGS operator is shown in Fig. 1, where X0 as the target pixel. By comparing 

the value of the pixel with its adjacent pixel along the direction of arrows, the binary value of 

X0 is 10001011. As a result, the decimal vale of the target pixel is obtained as 139. 
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In 2012, Abusham et al. [8] used the LGS operator for face recognition and achieved good 

results. 

3. Proposed Method 

3.1 WSLGS 

Although the success of the WLD and LGS algorithm in image feature extraction have been 
demonstrated, there are still many problems. The differential excitation in the algorithm of 

WLD only considers the contrast information between the center pixel and the surrounding 

pixels, which is not enough to represent the complete information of the image. On the other 
hand, the LGS algorithm transforms the characteristic values of the central pixels from binary 

to decimal format in the process of calculation, which leads to the loss of information. In order 

to solve these problems, we propose Weber Symmetrical Local Graph Structure algorithm, 

which combines these two algorithms. More specifically, WSLGS takes the 5×5 
neighborhood, constructs the graph structure on two diagonal directions of the center pixel, 

and calculates the sum of the difference of adjacent pixels in a certain order. Finally, the new 

differential excitation information is integrated with the original direction information in the 
WLD algorithm to represent the characteristic values of the center pixel. 

The algorithm, Weber Symmetrical Local Graph Structure, is shown in the following 

formulas and graphs: 

 
Fig. 2. WSLGS algorithm  
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where x1, x2, x3 and x4 are the sum of the differences between adjacent pixels in the northwest, 

southeast, northeast and southwest of the center pixel respectively. xg is the sum of the four 

directions, which is the sum of the differences between adjacent pixels in the graph 

constructed in two diagonal directions in the neighborhood, xm is the average value of the 
pixels involved in the graph structure. According to the empirical values, α and λ were 3 and 

1×10
-7

, respectively [15]. 

Compared with LGS algorithm, the WSLGS algorithm makes up the information loss 
problem caused by the conversion between binary and decimal. Moreover, the constructed 

graph structure has a larger coverage and contains more accurate feature information 

compared to the SLGS. In addition, the final characteristic values include two kinds of 
information by applying of Weber's law, which are the differential excitation and the direction. 

Thus, the WSLGS algorithm is more robust and makes significant improvement in terms of 

recognition rate. 

3.2 Dimensionality Reduction  

After the feature extraction, the size of the feature matrix could be very large. In order to avoid 

curve of dimensionality, we use the method of principle component analysis (PCA) [9] [10] to 
implement the dimensionality reduction. The principal component contribution rate is set to 

0.95. 

3.3 Training and Classification  

After reducing the dimensionality of the feature data, we employ the Extreme Learning 

Machine [11] to classify. ELM is a kind of feedforward neural network algorithm proposed by 

Huang et al. [12]. Compared with the traditional classifier, it is not necessary to set the weight 
and bias of neuron nodes in each hidden layer, which has the advantages of simple calculation 

and fast learning speed. In our experiments, the activation function uses the sig function, and 

the number of hidden layer nodes is set to 2000. 

4. Experiments and analysis 

4.1 Experimental database 

Our experiments are performed on three databases, i.e., the ORL face database [16], our lab's 
high definition infrared face database and JAFFE face expression database [17]. 

ORL face database was created by the AT&T Laboratory of University of Cambridge. It 

contains 40 people, each person is with 10 images, there are 400 face images in total. These 
images include changes in posture and expression. Specific examples are shown in Fig. 3. Our 

own built HD infrared face database contains 80 volunteers with different ages and gender 

totally. Each person has 9 photos, a total of 720 images. These images are collected from 
different angles. Specific examples are shown in Fig. 4. JAFFE database is an expression 

database created by Japan's ATR (Advanced Telecommunication Research Institute 

International). It is devoted to the study of facial expression recognition, including 10 

individuals, each with 7 kinds of expressions. In the original database, the number of images 
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per person is different, a total of 216 images. For the convenience of testing, we selected 20 

images per person, a total of 200 images for the experiment. Specific examples are shown in 

Fig. 5. 

 

 
Fig. 3. Examples of ORL face database  

 

 
Fig. 4. Examples of HD infrared face database 

 

 
Fig. 5. Examples of JAFFE face database 

 

4.2 Experimental results on ORL face database  

We conducted experiments on the ORL face database firstly, and compare our proposed 
method WSLGS with LBP, LGS, WLD and SLGS. The number of training samples is 3,4,5,6, 

and the results are shown in Table.1. As can be seen from the table, the recognition rate of our 

proposed algorithm is higher than other algorithms under the same conditions. When the 
number of training samples is 6, the recognition rate using WSLGS algorithm can reach 100%. 

 
Table 1. Recognition rates of different algorithms on the ORL database  

Number of training 

samples(N) 
LBP LGS WLD SLGS WSLGS 

3   0.5911 0.5496 0.9382 0.5639 0.9518 

4 0.6687 0.6429 0.9600 0.6233 0.9854 

5 0.6665 0.6175 0.9670 0.6475 0.9890 

6 0.7150 0.6663 0.9919 0.6881 1.0000 

 
Fig. 6 shows the recognition rates of LBP, LGS, WLD, SLGS and WSLGS intuitively. As 

can be seen from it, the curve of  WSLGS is above others, which means the WSLGS has the 

best recognition performance. 
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Fig. 6. Recognition rates of different algorithms on the ORL database 

 

4.3 Experimental results on HD infrared face database  

We also did experiments on the HD infrared face database which was built by ourselves. We 

compared WSLGS algorithm with LBP, LGS, WLD and SLGS. The number of training 

samples is 5,6,7,8, and the experimental results are shown in Table. 2. As can be seen from the 
table, the recognition rate of WSLGS algorithm is higher than the traditional algorithm under 

the same conditions. When the number of training samples is 8, the recognition rate is up to 

100%. At the same time, the recognition rates of the other three algorithms are 54.37%, 
57.50%, 98.63% and 59.13%. 

 
Table 2. Recognition rates of different algorithms on the HD infrared face database 

Number of training 

samples(N) 
LBP LGS WLD SLGS WSLGS 

5 0.5516 0.4562 0.9200 0.3556 0.9350 

6 0.5375 0.5104 0.9575 0.4233 0.9771 

7 0.5250 0.5344 0.9769 0.4975 0.9881 

8 0.5437 0.5750 0.9863  0.5913 1.0000 

 
Fig. 7 is a line chart displaying the recognition rates of LBP, LGS, WLD, SLGS and 

WSLGS on the HD infrared face database. As we can see from it, WSLGS has the best 

performance because it has the best recognition rates no matter what the number of training 
samples used. 
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Fig.7. Recognition rates of different algorithms on the HD infrared face database 

4.4 Experimental results on JAFFE face database  

In order to verify the robustness of our proposed algorithm, we also completed the experiment 

on JAFFE, which was devoted to facial research. The training samples for the LBP, LGS, 

WLD, SLGS and WSLGS algorithms are selected as 3, 4, 5, 6, 7, 8, and the experimental 
results are shown in Table 3. It is clear from the table that the recognition rate of WSLGS 

algorithm is higher than the traditional algorithms. When the number of training samples is 8, 

the recognition rate of LBP, LGS, WLD and SLGS is 92.08%, 84.25%, 91.75% and 88.67% 

respectively. And the recognition rate of our proposed method can reach 99.92%. 
 

Table 3. Recognition rates of different algorithms on the JAFFE face database 

Number of training 

samples(N) 
LBP LGS WLD SLGS WSLGS 

3 0.7947 0.6212 0.8471 0.7706 0.9000 

4 0.8563 0.7344 0.8913 0.8531 0.8988 

5 0.8620 0.7467 0.9120 0.8473 0.8967 

6 0.8600 0.7371 0.9221 0.8414 0.9357 

7 0.9031 0.8154 0.9192 0.8792 0.9415 

8 0.9208 0.8425 0.9175 0.8867 0.9992 

 
Fig. 8 shows the recognition rate of each algorithm using a line chart. We can clearly see 

that the WSLGS algorithm is located at the top of the line chart, which means that compared 

with the traditional algorithm, WSLGS algorithm has the best performance. 
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Fig. 8. Recognition rates of different algorithms on the JAFFE face database 

 

4.4 ROC curves 
In order to further investigate the superiority of our proposed method, we carry out 
experiments on the same database and draw the ROC curves as shown in Fig. 9.  

 
Fig. 9. ROC curves of different algorithms 

 
The smaller EER, the higher overall performance of algorithms. The above diagram 

represents the ROC curve of different algorithms. We can realize from it that the EER of the 

LBP is approximately 0.12, the LGS is approximately 0.15, the SLGS is approximately 0.18, 
the WLD is approximately 0.04, but our WSLGS is less than 0.01. It’s clearly seen that our 
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algorithm’s curve is located below the traditional algorithms which means the identification 

error of WSLGS is the smallest and the recognition rate is the best. 

 

4.5 Comparison of the processing time 
In addition to the comparison of the recognition rate, we also test the processing time of the 

same image with the methods of LBP, LGS, WLD, SLGS and proposed method WSLGS. The 

experimental results are shown in Table 4. As can be seen from the table, the WSLGS 

algorithm requires the shortest time to process an image. 
 

Table 4. The Processing time of different algorithms 

Algorithms LBP LGS WLD SLGS WSLGS 

Processing 

time(second) 
0.2839 0.2917 0.0640 0.2948 0.0530 

5. Conclusion 

In this paper, we proposed Weber Symmetrical Local Graph Structure, which is used to extract 

the features of face images. This algorithm constructs the graph structure from the diagonal 

direction in the neighborhood of 5 × 5, and then combines it with the direction with the 
differential excitation information according to Weber's law. Finally, the eigenvalues of the 

image are obtained. The overall structure used in the calculation of eigenvalues is more 

suitable for human faces, and the 5 × 5 neighborhoods can also ensure that some of the more 

obvious overall features of the face are not too small to be undetectable. So WSLGS algorithm 
is more suitable for face recognition than traditional algorithms. We implemented the 

algorithm in the ORL database, our own built high definition infrared face database and 

JAFFE database. The experimental results demonstrated that the recognition rate of WSLGS 
algorithm is better than the traditional algorithms, and the processing time is lower than the 

traditional algorithms. In the future, we will try to further improve the WSLGS algorithm, 

hoping to be applied to other areas of biometrics, such as finger vein recognition. 
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