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Local binary pattern and its variants have been extensively used in the 

numerous applications of various fields such as computer vision, 

pattern recognition, and texture analysis and etc.   Comprehensive 

review based on the study of Local Binary Pattern and its variants is 

providing in this article. The detailed stat-of-art feature descriptors 

which are mostly used for number of application to analyze the 

textural properties have been discussed along with their pros and cons. 

The conclusion is made on the basis of their limitations and 

highlighted the gapes of recent variants of LBP texture descriptors. 
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Introduction:-  
The important characteristic of visual appearance of any object surface is considered as a Texture. Textures can be 

defined as very small particles like sand or huge elements like stars in Milky Way. All the objects the universe 

consisted on different texture and is different from each other. While, different degree of visual attention, distance, 

scales, occlusion, background, environmental condition and viewing point can create different interpretations [1, 2]. 

 

The texture characteristics of digital images can be defined as variations in spatial structure (patterns) and contrast 

(strength of pattern 

 

Particularly in the field of computer vision, the appearance of the digital image texture is viewed with respect to the 

pixels of image. The Texture analysis is used to considere the significant change or variation in the pixel intensity 

and non-homogeneity between nearby pixels.  

 

In real world scenario, there is a great variability and challenging problem related to the   number of applications.  

For expecting a good final result of any texture analysis based method or algorithm which provides the necessary 

information in the features and should tolerate the variations such as illumination, rotations and scales as well for the 

particular application, the good image descriptors are essential.  
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For selecting the descriptor to exploit textures in various field of image processing, it is important that the feature 

measures should be capable enough in detecting different texture properties and also consider the issues related to 

the computational complexity to make the method realistic in use and take reasonable classification time. 

Literature Review:- 

Basically the methods of textures analysis are categories into four types [3]: (1) Structural, (2) Statistical, (3) Model 

based and (4) Transforms.  

 

Structural:- 

These methods represent texture by primitive patterns which are regular in appearance and systematically located on 

the surface.  

 

Statistical:- 

In contrast to the structural methods, statistical analysis based method do not consist on regular or systematical 

structure. Instead they represent the texture by non-deterministic properties of image pixels and regions which are 

usually natural and consist on randomly distributed surface elements.  

 

Model:- 

The model based texture analysis methods are combination of fractal and stochastic models.  

 

Transforms: - 

In transform based methods the image is represented according to the coordinate system. For example Fourier, 

Wavelet and Gabor transforms interpreted the closely related texture characteristics from their coordinate system.  

 

Numerous local texture descriptors have been introduced in the field of texture analysis. The recent advances in 

newly proposed texture descriptors promise a significant progress in trends of  texture analysis  by means of their 

high discriminative properties and computational efficiency. From the state-of-art, it is clear that LBP and its 

variants outperformed then other reported descriptors in the field of texture analysis based applications [4]. 

 

Basically the texture of an image was decomposes into set of useful units [5].   In this method mapping is done via 

local 8 surrounding neighborhood pixels and encoded the generated unit of texture in one of three values i.e  0, 1 or 

2. The texture unit number in this technique is computed as follow: 
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Where pe  is calculated with number of levels L=3 ,with p=1,…,8  by comparing the intensity value of a center 

pixel  
cw with a neighboring pixel pw  in either a clockwise or counter clockwise direction. The number of features 

can be defined by 3
8
= 6561. Then texture of an image can be described with a histogram of these values.

  

 

Later on in 1994 the levels  of operator  reduced from L=3 to L=2, and comparisons were performed by boolean 

operation in first LBP operator [6]. The intensity values were calculated by comparing neighborhood pixel with 

central pixel value, moving from top to bottom and left to right as in following expression: 
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With L = 2, the size of feature vector is reduces and make it compactable with values 2
8
. However, this compactness 

comes at a cost: these descriptors are more sensitive to noise, especially in the near-uniform regions of an image 

[7,8]. 
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Local Binary Pattern (LBP):- 

LBP proposed by Ojala et. Al. [6], it is very famous because of its simple representation, efficient calculation, low in 

computational complexity and fine detail coding ability. LBP descriptor is the combination of statistical and 

structural based Model. The other very powerful extensions of LBP with rotation invariance multi-resolution also 

have been developed by Ojala et. al. [7].  

 

Original LBP operator is rotation invariant to gray scale texture [8]. The extraction of LBP operator comprises two 

main steps: one is thresholding and second is encoding step. The thresholding step extract the information about the 

local binary difference (1or 0) by comparing the circular neighbor pixels value with central pixel in a patch of the 

image.  

),...,,()( 110 cpccc wwwwwwwxs          (4) 

Where 
cw  and pw  are defined in equation (2) and sampling number p (p= 0,…,p-1) in equation (3). 
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Then in the second encoding step, the obtained binary numbers from first step are converted into decimal number as 

shown in Figure1.    

 

The first version of LBP operator is work with 3×3 patch of an image but later on this patch size have no fix rule for 

using sampling points in the circle in other extension version [8]. Instead of using 3×3 size of the patch, it can be 

change with the values of P,R such as (8,1), (16,2), (8,2) and so on. The mathematical equation can be defined as 

follow: 
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Where
cw , pw  and p are already defined in equation (2),(3) and (4) . And P, R is the number of neighbors or 

samples and radius of the circle respectively. 

 
Fig 1:- LBP calculation on 3×3 patch on image 

 

Another variation in original operator seems in the form of uniform patterns [9]. A Uniform pattern can be denoted 

with ‘U’ and defined as its uniformity (number of transactions from 0 to 1 or from1 to 0 bitwise) measure is at most 

2. There are main reasons for considering only uniform pattern, one that in real world scenario most of the texture 

have uniform in nature  and themselves are more stable i.e. less affected by noise and   another reason is, because 

only consider uniform pattern so the minimum samples of LBP are reliable to recognized the texture pattern [10].  

 

Complete Local Binary Pattern (CLBP):- 

Typical Local binary Pattern operator only considered the local features of an image and global features are 

neglected. To improve the performance of LBP by considering global thresholding  and a new approach named as 

Complete Local Binary Pattern is proposed by [11]. The image descriptor is split into two complementary 

components: sign and magnitude component as shown in equation below: 
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),( cpp wwss   .cpp wwm           (7) 

 

Where sp is sign and mp is used to build the magnitude component of CLBP_S and CLBP_M respectively. CLBP_S 

is the same to traditional LBP operator while in CLBP_M the local variance of the magnitude is calculated. These 

two components can be described mathematically as follow:    
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Where
cw , pw  and p are defined before in equation (2) and c in equation (10) denoted the mean value of magnitude 

component in whole image. The authors calculated the global features by using center pixel as threshold and coded 

into binary format. This operator called CLBP_Center. The CLBP_C can be defined mathematically in the following 

expression:  

),,(_ , icRP cwtCCLBP           (12) 

 

Where wc is the center pixels value and ci is the average gray level of the whole image. 

 

The calculated features from these three operators can be combined into joint histogram for final texture 

classification. 

 

Local Ternary Pattern Techniques:- 
The result of LBP algorithm is grounded on L=2 means binary number operation by specifying the center pixel 

intensity value as a threshold. As the threshold value is center pixel, this is the main reason that LBP descriptor is 

more sensitive to noise specially for smooth regions of the images. To overcome this noise sensitivity problem an 

interesting abstraction of LBP known as is Local Ternary Pattern proposed by Tan et al [12]. 

 

In LTP, the three quantization levels were used to encode the difference between central pixel and its neighbor to a 

threshold. Generally the threshold value set to be manually, and its value depends in order to attain the best 

performance in specific problems and applications. The threshold equation for ternary operation is given below. 
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Where 
cw  and pw  are defined in equation (2),(3) . t is a threshold value that controls the sensitivity of the ternary 

pattern against noise. To reduce the size of ternary code, the scheme is spited into two binary threshold function: 

upper and lower function. The upper pattern is denoted with hi   and can be computed as: 
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The binary threshold function li for the lower pattern is calculated: 
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The weighted sum function for upper pattern can be expressed as: 
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The weighted sum function for lower pattern can be expressed as: 
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The final LTP operator is constructed with the concatenation of the lower and upper patterns. The computational 

process of LTP on 3×3 image patch is represented in Figure 2. 

 
Fig 2:- Calculation of LTP operators. The obtained ternary pattern is further coded into higher and lower binary 

code in the LTP 

 

Complete Local Ternary Pattern (CLTP):- 

Recently, a new diversion was proposed by [13] in which the authors introduce the global features in LTP [12] as 

similar to CLBP [11] and named as Complete Local Ternary Pattern CLTP. The local difference of an image was 

further decomposes into two sign and two magnitude components. The two decomposition of each component can 

be denoted with upper and lower patterns and mathematically can be described as follows: 
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Where
cw , pw , p and t are already defined in equation (2) and (13). The final CLTP_S operator can be constructed 

by concatenating upper and lower components as follow: 
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In the similar way of sign component, magnitude component of the CLTP can be built by using upper and lower 

pattern and mathematically can be defined in the following expressions:  
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Where
cw , pw  , p and t are already defined in equation (2) and (13)  and c is defined already in equation (10). 

Similar to the LTP and CLTP_S, upper and lower patter concatenated to built the CLTP_M operator as follow:  
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Moreover, center thresholding code for upper and lower pattern can be constructed as follow: 
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 Where wc
upper 

 = twc  , wc
lower

 = twc   and ci is defined before in equation (12). The final CLTP operator 

combined into joint histogram. 

 

Improved Local Ternary Pattern (ILTP):- 

The modified version of LTP that is known as Improved Local Ternary Patter (ILTP) [14] was introduced to reduce 

the sensitivity of noise in central pixels because it is used as threshold to encode. The method is based on 

replacement of central pixel value with the average value of a patch or region. The mathematical representation of 

this operator is same as of LTP except center pixel value which is shown in the following equation.  
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Where all the parameters are already defined in equation (6) and a is the average value of the region. 
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Local Adaptive Ternary Pattern (LATP):- 

In original LTP operator the value of threshold need to be set manually. Though, it is very critical task to set a 

threshold value for calculating all local patches in order to reduce the sensitivity to noise for different applications. 

Local Adaptive Ternary Pattern [15] was proposed, in which the threshold value is set with automatic adaptive 

procedure by using local statistics as a mean value and the standard deviation. Equation for LATP is expressed as 

follow: 
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Where pw  is defined in equation (3),  is the mean of the local patch or region, standard deviation is denoted with 

  and k is a constant value.  

 

New techniques based on Weber’s Law: ELTP and DLTP:- 

Recently, in order to deal with the problem of setting proper threshold value of Ternary coding for the region, some 

modified approaches come up with a new idea to set the threshold value inspired from the Weber’s Law. According 

to the Weber’s law, the ratio of the increment threshold to the background intensity is a constant. The relationship 

can be expressed as:  

k
I

I



           (33) 

 

Where I   is the increment threshold (just noticeable difference for discrimination); I  represents the initial 

stimulus intensity and k is the constant which signifies that the proportion on the left side of the equation remains 

constant despite variations in the I  term. 

 

The first approach proposed in January 2014 known as Dynamic Local Ternary Pattern [16] and the second 

approach called as Enhanced Local Ternary Pattern [17] proposed in July 2014. According to [16], which relies on 

Weber’s law for tuning of the threshold value, a dynamic process was adopted to assign different threshold values 

instead of choosing a fix threshold value. By the local statistics of the pattern, threshold equation can be expressed 

as; 

 cwt            (34) 

 

Where γ is the scaling factor as constant in Weber’s law, wc  is the intensity value of center pixel of the patch. This t 

is a threshold value which can be used to generate dynamic threshold value for every local region and then can be 

code in ternary quantization level as in original  LTP code as shown below:   
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Where wp is defined in equation (3), and wc and t is defined in equation (35).   

The Local Binary Pattern (LBP) and its extended versions are summarized in Figure 3. 
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Figure 3:- Tree diagram of LBP and its extended versions 

 

Limitations of LBP and its extended variants:- 

When we are talking about texture descriptors, on one hand, expect to find only one approach that have capabilities 

to handle so many different problems that we are dealing in different applications such as illumination changes, 

rotation, scaling and bur problems. On second hand, the descriptors must be simple in computation and smaller in 

size so to avoid memory and processing time limitations. 

.  

Usually the LBP code is generated by computing two values in each of the pattern that is central pixel which 

normally used as a threshold and other one is neighborhood pixels which are the gray values around the center pixel 

value in the patch size.  

 

Table 1:- The limitations and advantages of LBP and its extended techniques 

Texture descriptor pros cons 

LBP Simple and low in complexity Noise sensitive  

LTP Robust to noise Difficult to set absolute threshold value 

ILTP Robust to noise and automatic adoption of 

threshold value 

Only considered local features 

LATP Robust to noise and automatic adoption of 

threshold value 

Only considered local features 

DLTP 

ELTP 

Robust to noise and automatic adoption of 

threshold value 

Global features are neglected 

CLBP Considered global features Sensitive to noise 

CLTP Considered global features and robust to 

noise 

Difficult to set absolute threshold value 

 

One of main limitation in LBP descriptor as appeared that LBP can in the image. The reason behind this is that LBP 

is very sensitive to the noise with the central pixel as threshold value.  

 

Same limitation comes in LBP variants such as Complete Local Binary Pattern CLBP.   To overcome this weakness 

of LBP, Local Ternary Pattern is the first effort by introducing manual threshold value, which proves itself robust to 

noise with central pixel. But it is very challengeable task to set the right threshold value for particular application in 

order to get high performance. Another prominent issue with LTP threshold value comes out in a case when 

threshold value becomes exactly the same as of the difference of central pixel and neighbor hood pixel. In this case 

the outcome of LBP code becomes zero.  To deal with this issue, recently noticeable extensions of LTP known as 

Improved Local Ternary Pattern (ILTP), Local Adaptive Ternary Pattern (LATP), Enhanced Local Ternary Pattern 

and Dynamic Local Ternary Pattern has been proposed, which are based on some automatic phenomena to set 

threshold value for every region.  
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Secondly, it is clear from the literature that most of the LBP and LTP and their variant descriptor are based on its 

local features. Sometimes the information generated from the local features is not sufficient for classifying the 

patterns. Because of neglecting the global intensities of the images, sometimes texture descriptor cannot generate 

distinguish features between two different gray value based patches of the image. 

 

The little effort towards this issue proposed in Complete Local binary Pattern (CLBP) and Complete Local Ternary 

Pattern (CLTP) to consider the global features for getting more accurate information about the patterns. 

 

The advantages and limitations of Local Binary Pattern (LBP) and its extended versions are summarized in Table 1 

and graphical directing these pros and cons in  Figure 4. 
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Fig 4:- Advantages and Disadvantages of LBP and its variants 

 

 

Conclusion:-  
In this review paper, it is conclude that, unfortunately, from the stat-of-art there is no stand-alone descriptor that 

covers the problems as already mentioned in this artical such as illumination changes, rotation, scaling and bur in 

every aspect. We already have been discussed the traditional LBP operator and its use of in number of different 

pattern recognition based. But still there are some limitations with LBP and its variant descriptors. 

 

From the literature it is found that no single descriptor has been developed which covers all the limitations.  

Therefore, there is a need of a new robust texture descriptor that overcome the gapes and retains the advantages of 

reported descriptors. 
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