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Abstract — The locality and edges of texture image may be ignored by the Haar local binary pattern texture features owing to 
strong subjectivity and poor ability to self-adaptive to the artificial setting judgment threshold. Therefore, from the perspective of 
Human Vision System (HVS), the new Haar local binary pattern texture feature extraction algorithm (HLBP_HVS) is proposed. 
The local and global structure information of images are obtained and the self-adaptive and local optimal judgment threshold are 
calculated by the analysis of HVS influence factors, which include: texture detail and distribution of spatial position. The new Haar 
local binary pattern texture feature HLBP_HVS, which is objective and conforms to the image texture details and distribution of 
spatial position, could be extracted. The experimental results show that the proposed algorithm can effectively avoid the influence 
of the artificial judgment threshold on the texture detail and reflects the structure information of the image. Through comparison 
and analysis of the test results, we suggest that the accuracy of classification for Brodatz texture library also can be further 
improved. 
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I. INTRODUCTION 

Texture is a visual characteristic which reflects the same 
phenomenon of images. It is widespread and difficult to 
describe and does not depend on color or brightness of the 
image itself. There is some statistical regularity on macro-
scope for image texture. The extraction of texture feature is 
the key to classify and identify texture image successfully. 
The common texture feature extraction methods such as gray 
level co-occurrence matrix method, wavelet transform, 
Tamura texture features and local binary pattern method [1, 
2]. 
Local binary pattern (LBP) is an operator for image de-
ascription that is based on the signs of differences of neigh-
boring pixels. Despite being simple, it is very descriptive, 
which is attested by the wide variety of different tasks it has 
been successfully applied to [3-6]. Zhou Shuren, et al. [7] 
introduce the Haar model to the local binary pattern method 
and combines Gabor wavelet filter to extract the gray image 
feature in different directions and scales. Then the influence 
of noise is reduced effectively. Zhou Zhenhua, et al. [8] de-
elope an adaptive LBP by incorporating the directional 
statistical information for rotation invariant texture 
classifications. Wang Guode, et al. [9] propose an improved 
CLBP texture feature extraction algorithm. It can totally 
describe the texture feature of local window. It is sensitive to 
the uneven distribution problem of gray also can resolve. In 
Zhou Zhenhua, et al. [10], LBP variance is proposed to 
characterize the local contrast information into the one-
dimensional LBP histogram. Human vision has selective and 
there is the different interest degree in different part of the 
image. Therefore, the weight of different part of the image 
should be considered when the structure information of 

image is extracted. The degree of interest of human vision is 
affected by different factors. Li Guimin, et al. [11] propose 
five factors which affects the human vision. The factors are 
contrast, size, shape, position and color. Other researcher [12, 
13] consider the effect factors of human vision with three 
aspects: brightness, texture detail, and spatial position. 

The Haar local binary pattern which is combined Haar 
characteristic with the process of local binary pattern is 
chosen to build texture descriptor. It is a binary pattern 
method. The final feature is a set of binary code. The 
selection of threshold T is vital for the Haar local binary 
pattern due to the T decides the binary code which is 1 or 0. 
The new Haar local binary pattern algorithm is proposed 
based on the HVS obtains threshold from the image structure 
information. In view of human vision can extract the image 
structure information and it is affected by different factors of 
image. Therefore, the image structure information that 
includes the local and global information is extracted based 
on the human vision effect factors. It is also the basis of self-
adaptive threshold T and HLBP feature. 

II. HAAR LOCAL BINARY PATTERN OPERATOR 

A. Local Binary Pattern Operator  

The local binary pattern operator [2] is a powerful means 
of texture description. It is fast to compute and invariant to 
monotonic gray-scale changes of the image. It has proven to 
be a widely applicable image feature for, e.g., texture 
classification, face analysis, and interest region description, 
etc. [14]. The typical version of the operator labels the 
image pixels by thresholding the 3×3-neighborhood of each 
pixel with the center value and summing the threshold 
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values weighted by powers of two [3, 4]. The LBP label is 
obtained through. 
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where ‘ cg ’ is the gray value of the center pixels. 

‘ )8,...,2,1( pg p ’ is the gray values of the circularly 

symmetric neighborhood. )(xs  is the thresholding function. 









0,0

0,1
)(

x

x
xs       (2) 

B. Haar Local Binary Pattern Operator  

The Haar local binary pattern operator [7] is combined 
Haar characteristic with the process of local binary pattern 
operator. The Haar characteristic is proposed by Viola et al 
[15]. It is a simple rectangle feature and can effectively 
reflect local variations of image gray information. The Haar 
characteristic is shown in Fig. 1. It is computed by the gray 
level difference between black and white rectangles in the 
image window. The difference between Haar local binary 
pattern operator and local binary pattern operator is as 
follow: 

(1) The local binary pattern operator threshold the 3×3 
neighborhood of each pixel with the center value. The 
traditional Haar local binary pattern operator threshold 
eight Haar characteristics with the threshold T. The eight 
Haar characteristics are computed by the gray level 
values of the image window which are weighted by eight 
set of code models that are shown in the Fig. 2.The 
corresponding computation formula is ‘ WMH kk  ’. 

Where ‘ kM ’ is the code model. ‘ kH ’ is Haar 

characteristic. ‘.’ denotes is point multiplication 
operation. 

(2) The threshold T  of the traditional Haar local binary 
pattern operator is artificial setting. It decides the final 
binary code. 
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Figure 1. Haar characteristic. 

 

Figure 2. Eight code models. 

 

III. HAAR LOCAL BINARY PATTERN TEXTURE FEA-
TURE EXTRACTION ALGORITHM BASED ON HVS 

The image structure information is extracted and self-
adaptive judgment threshold T is obtained by analyzing 
human vision. Some image information affect human vision. 
Therefore, the HVS influence factors are analyzed firstly. 
Then, basing it, the change information of image texture and 
spatial position information is extracted for reflecting the 
local and global image structure information. It provides a 
basis for obtaining threshold T and Haar local binary pattern 
feature which are self-adaptive and satisfied the image 
structure information. 

A. HVS influence factors  

Human vision has certain selectivity. Only a portion of 
the region details of which has a higher resolution is 
observed firstly. Because the fundamental characteristic of 
HVS is sensitive to local contrast, obvious change is the 
regional interest of vision and smooth areas which is uniform 
brightness or the texture areas which spatial frequency is 
close are often overlooked. The study of this paper is gray 
images. Therefore, color change which is effect on human 
vision is ignored and two kinds of absolute HVS influence 
factors: texture detail and spatial position [12] are discussed. 
1) Texture detail factor 

The sensitivity of different part of image is different for 
HVS. Due to the main role of human eye is tracing the 
outline of unknown object to perceive the shape of the 
object, human eye is sensitive to edge and stripe structure in 
the image. By adding the same type and size of noise 
accumulation to the image detail and flat area, it can be 
found that the degree of visual distortion is different and the 
image detail changes more pronounced. Therefore, the paper 
chooses the gray-value variance to describe the roughness of 
image texture. The bigger variance represents the richer 
image texture and the concern of human vision is higher. 
Conversely, the variance is smaller shows that the area is flat 
and spatial frequency is closing. Therefore, the weight of 
image increases with increasing the variance. Otherwise, the 
weight of image should be decreased. The texture detail 
factor is defined as 
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Where ‘ n ’is the number of image pixels, ‘ kx ’is gray value 
of the k-th image pixel. 

2) Spatial position factor 
The distribution of light-sensitive cells is denser in the 

retina's macula, the resolution of human eye is highest in the 
center of central macula. Peripheral vision that is surrounded 
by retinal rod-shaped cells has low resolution and cannot see 
image detail. The central part of the image will be noted 
firstly when people see an image and it will be extended to 
around. It shows that the importance of image is generally 
decreasing from central to peripheral. So for image window 
i, the spatial position factor is defined as 
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Where ‘ ),( 00 yx ’ is the central coordinate of image 

window i . ‘ ),( cc yx ’ is the central coordinate of image. ‘ r ’ 
is the maximum distance between the central coordinate and 
the pixels of image. ‘ rB ’ is basic weight. It is related to the 
size of human vision and distance between the human eye 
and the image. Generally, it is set 0~0.5 and also can set by 
the actual circumstances. it does not affect the properties of 
the final spatial location factor. For purpose of calculation, 
the paper set 0rB . The spatial location factors of image 
windows which are symmetric with the central coordinate of 
image are same. 

B. Relative importance of the image pixels    

Similarly, the relative importance of the image pixels is 
also generally decreasing from central to peripheral. It 
conforms to Gaussian distribution. The importance of image 
pixels   can be defined by the two-dimensional Gaussian 
distribution function ),( yxg . For 5×5 image window, the 
  is defined as 
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C. Determination of threshold T 

Due to the extraction object of HLBP feature is image 
window, the threshold T is determined by considering the 
local information and global information of image. By 
analyzing the HVS influence factors, the paper obtain the 
local information texture by extracting the texture detail 
factor )(id . The global information is obtained by the spatial 

position factor )(ir  which aims at the global image window 
is extracted. Therefore, for image window i , the threshold 

iT  can be represented by 

)()( iridTi                                    (7) 
For the image window i , the HVSHLBP _  feature is 

computed by 
 )8,...,2,1(  kWMH kk               (8) 
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Where ‘ W ’ is the gray value matrix of the image 
window i . 

D. Description of algorithm 

Input: Image to be processed 

Output: HVSHLBP _  feature  

Step1: Setting the size of image window which is the cell 
of image processed. According to the size of eight code 
models of HLBP, the size of image window is set 5×5. 

Step2: According to the code models )8,...,2,1( kM k , 
the Haar characteristics are computed by the computational 
formula (8). 

Step3: Obtaining the local information of image. For the 
pixels of image window i, the texture detail )(id  is extracted 
by the computational formula (4). 

Step4: Obtaining the global information of image. For the 
pixels of image window i, the spatial position )(ir  can be 
extracted by the computational formula (5). 

Step5: Determining the threshold iT  of image window i . 

Based on the step3 and step4, threshold iT  of image window 

i is computed by the computational threshold iT  formula (7). 

The threshold iT  is determined by considering the local 
information and global information of image. 

Step6: Extracting the HVSHLBP _  feature set of the 

image. Based on the threshold iT  which is computed by 
step5, the HVSHLBP _  feature of the image window i is 
computed by the computational formula (8)-(10). Traversing 
the entire image by the 5×5 image window, of which 

HVSHLBP _  feature set is extracted. 

IV. EXPERIMENT RESULTS 

E. Effect degree of influence factors on threshold T  

In order to describe the effect degree of influence factors 
on threshold T. The image is divided into twenty-five equal-
sized block which is shown in Fig. 3. The twenty-five blocks 
are numbered by row and then column. The local texture 
detail factor )(id , global spatial position factor )(ir  and 
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threshold iT  are calculated. The effect degree of influence 
factors is shown in Fig. 4. 

 

Figure 3. The image is divided into twenty-five equal-sized block  

 

Figure 4. Effect degree of texture detail, global spatial position on 
threshold iT   

From the Fig. 4, it can be found that the spatial position 
is generally and symmetrically decreasing from central to 
peripheral. The texture detail factors reflect the local 
information of the image blocks. The spatial position factors 
reflect the global information, which is the relation between 
the image blocks and the image. The threshold is decided by 
the texture detail factors and spatial position factors. 

F. Classification of Brodatz texture library 

Brodatz standard nature texture library is a well-known 
baseline database which is used to evaluate the texture 
recognition algorithm. Firstly, the section divides the each 
image of Brodatz library (111 images) into nine sub-
samples (right and lower of image remain 1 pixel) and the 
size of each sub-sample is 213x213 pixel. Then, 999 

samples will be build. The first five sub-samples of each 
sample are used for training and the after four sub-samples 
are used for testing based by row and then column. Then the 
number of training samples is 555 and testing samples is 
444. Secondly, based on the training samples and testing 
samples, four methods ( LBP , HLBP , 

))()((_ iridHVSHLBP  , ))()((_ iridHVSHLBP  ) 
are used to extract the features sets of training samples and 
testing samples respectively. Then, the feature sets are 
analyzed by the histogram method. The statistical results of 
training samples are the final training feature sets. The final 
testing feature sets are the statistical results of testing 
samples. Finally, 1-nearest neighbor classifier by the 
Euclidean distance under the KNN (k-nearest neighbor) 
classification method is used to train the training feature sets 
which are extracted by four methods and test and classify 
the corresponding testing feature sets. the classification 
accuracy of four methods are calculated and shown in Table 
I. 

TABLE I THE CLASSIFICATION ACCURACY OF FOUR METHODS. 

Method LBP
method

HLBP  method 

))()((

_

irid

HVSHLBP


 

))()((

_

irid

HVSHLBP


T'= -10 T'= -5 T'= 0 T'= 10 T'= 20 T'= 30 T'= 40 

Correct 
Rate(%) 82.89 87.39 89.41 89.41 89.19 83.56 80.63 77.48 88.96 90.32 

From the table, the classification correct rates of the four 
methods can be found. The correct rate of LBP  method is 
82.89%. The correct rates of HLBP  method are different 
because the artificial-setting threshold is different. The 
correct rate gradually decreases with increasing the 
threshold when it is between 0 and 40. Furthermore, the 
correct rate gradually increases with increasing the threshold 
when it is between -10 and -5 and the correct rate is equal 
when the threshold is -5 and 0. Therefore, the relation 
between threshold and the correct rate is not linear. The 

))()((_ iridHVSHLBP   method calculates the 
threshold by considering the HVS influence factors and the 
relative importance of the image pixels. The relative 
importance ‘ω’ of the image window pixels is obtained by 
the ideal of Gaussian and calculated by computational 
formula (6). By the correct rates of the 

))()((_ iridHVSHLBP   method and 
))()((_ iridHVSHLBP   method, it can be found that the 

local information should be considered moderately. The 
correct rate of ))()((_ iridHVSHLBP   is higher than 
others. It is over 90.32%. Numerical analysis results 
indicate, the reasonable threshold is vital and has a great 
influence on the final result. the extracted feature set is more 
accurate and the correct rate of classification for Brodatz is 
improved ultimately by obtaining the most objective, self-
adaptive and local optimum threshold. 
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V. CONCLUSIONS 

The new Haar local binary pattern texture feature 
extraction algorithm obtains the reasonable threshold by 
considering the local information and global information of 
image which are represented by texture detail and spatial 
position of HVS influence factors respectively. Experimental 
results show, the proposed algorithm successfully solves the 
artificial-setting threshold problem and can validly fuse the 
local texture change information and global position 
information, and also has a better representation ability for 
texture image. 
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