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 With the dramatic expansion of image information nowadays, image 

processing and computer visions are playing a significant role in terms of 
several applications such as image classification, image segmentation, 
pattern recognition, and image retrieval. One of the important features that 
have been used in many image applications is texture. The texture is  
the characteristic of a set of pixels that formed the image. Therefore, 
analyzing such texture would have a significant impact on segmenting the 
image or detecting important portions of such image. This paper aims to 
overview the feature extraction and description techniques depicted in the 

literature to characterize regions for images. In particular, two of popular 
descriptors will be examined including Local Binary Pattern (LBP) and 
Gabor Filter. The key characteristic behind such investigation lies in how the 
features of an image would contribute toward the process of recognition and 
image classification. In this regard, an extensive discussion is provided on 
both LBP and Gabor descriptors along with the efforts that have been 

intended to combine them. The reason behind investigating these 

descriptors is that they are considered the most common local and 

global descriptors used in the literature. The overall aim of this 

survey is to show current trends on using, modifying and adapting 

these descriptors in the domain of image processing. 
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1. INTRODUCTION  

In the area of image processing and computer vision, the texture indicates the duplication of basic 

texture elements called texels. Such element consists of multiple pixels that are either intended to be 

randomly placed or in a periodic manner. According to [1] an image texture would be coarse, fine, smooth, 

granulated, rippled, regular, irregular or linear. Generally speaking, the texture reflects a neighbour 
surrounding point the same way that colour would reflect a point value [2]. In this vein, the scale would be a 

significant factor that is associated with the texture in which a variant scale would lead to variant textures 

even if the textures were equivalent [3]. Therefore, it would make a sense if a single image would contain 

multiple levels of different textures located in different scales.  

In fact, there are several methods that have been used in the literature regarding the texture analysis. 

However, [4] have provided a taxonomy for such strategies inside four main categories as well as Statistical, 

Structural, Model-based, and Signal Processing as shown in Figure 1. The statistical methods aim to handle 
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the task of texture analysis as a statistical task in which the frequency of specific positions of pixels can be 

examined. The structural methods aim to handle the texture analysis using structural properties such as  

the texture primitives or so-called texels. Such analysis aims to identify the structure of these texels and their 

relationship. The third class which is the model-based methods have been intended to examine  

the construction of an image in order to analyze the texture by capturing the perceived qualities of the image 

texture. The fourth class which is the signal processing methods aim at assigning a filtering approach in order 

to filter the frequency of texture description. The following sections will discuss the latter-mentioned 

methods in detail.  
 

 

 
 

Figure 1. Taxonomy of texture analysis methods 

 

 
The paper is organized as; Section 2 provides a brief background of texture descriptors, Section 3 

concentrates on the Local Binary Pattern (LBP) and its current trends of using such a technique. Section 4 

concentrates on the Gabor filter in which the mechanism of this technique and its current trend usage is 

discussed. Finally, Section 5 highlights the research efforts that attempted to combine both descriptors. 

 

 

2. TEXTURE DESCRIPTORS 

This section aims to tackle the methods that have been used to describe the texture.  

Following sub-sections will discuss each method independently. 

 

2.1.   Statistical Methods 
The statistical method is one of the earliest methods that have been used to describe an image 

texture. It aims to analyze the qualities of texture using the spatial distribution of the intensity value. This can 

be performed by computing the variance of the pixel value from the gray-level histogram of an image. One of 

the common statistical descriptors was the (GLCM) which has been introduced by Haralick and  

Shanmugam [5]. Such matrix provides the statistical information of an image related to its distribution of 

pixels pairs. However, since the co-occurrence matrix has some drawbacks such as the challenging task of 

tuning the parameters, Baraldi and Parmiggiani [4] have proposed the gray-level difference statistics where  

the features are computed by examination the intensity values with the combination of intensity values or  

the typical intensity. 

 

2.2.   Structural (Geometrical) Methods 

Structural elements of an image which are called texels or textons. Such elements are the smallest 
portions that articulate the textured surface. Generally speaking, the structural descriptors are relatively 

constant in terms of the illuminations however, it relies on the determination of texels. Bela Julesz [6] have 

claimed that the psychophysical aspect would significantly contribute toward the structural descriptors in 

which the human eye has the ability to differentiate the texture with different texels. 

 

2.3.   Model-based Methods 

Such methods aim at determining model parameters by analyzing a specific texture and then utilize 

it as features. One of the common approach used by these methods is the Markov Random Fields (MRF) 

which aims to analyze the contextual information of an image. The hypothesis behind such an approach lies 

in the fact that the intensity of every pixel relies on the intensity of neighbouring pixels [7]. In this vein,  

MRF will treat the pixels as a series of state probabilities in which the state of a pixel is being defined by  
the states of its surrounding pixels. 
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2.4.   Signal-Processing (Filtering) Methods 

Generally, the human brain has the ability to analyze the frequency information of intensities which 

has a significant impact on the textures [8]. Signal processing methods aim at performing filtering approach 

on the image then records the responses as texture features. Such filters are being used to examine both time 

and frequency or so-called spatial domain filters [9]. In this manner, the spatial filters attempt to provide  

the information related to edge density per unit are to extract the information as unique texture features.  

The Fourier transform is applied in spatial domain analysis on the image in order to extract the texture 

features. One of the popular filters that have been used in the literature was the Gabor filter which has been 

proposed for the purpose of signal representation in which a function is being used to utilize both time and 

frequency. Hence, this paper will focus on two methods including statistical and signal processing in which 
the Local Binary Pattern which is a statistical method, and the Gabor Filter which is a signal processing 

method are being discussed in detail. 

 

 

3. LOCAL BINARY PATTERN 

LBP has been introduced by Ojala et al. [10] which has been demonstrated a powerful grayscale 

invariant texture descriptor in the literature. LBP operator integrates both characteristics of structural and 

statistical texture analysis. LBP aims to illustrate the texture using micro-primitives and their statistical 

placement rules. In fact, the LBP performs on a pixel basis, and at the same time, illustrating the eight 

surrounding pixels in binary code. After that, it summarizes all codes into a histogram which facilitate  

the extraction of texture feature. This means that 256 texture patterns for the 3 × 3 neighbouring would be 
produced. Given a matrix as follow: 

 

 (1) 

 

The above matrix shows a 3 × 3 grayscale block of pixels in which the centre at the location (0,0).  

In this manner, LBP will subtract the coordinate from each neighbour as follow: 

 

 (2) 
 

Now, in order to generate the binary code, the (3) should be considered: 

 

 (3) 
 

 
 

Consequentially, the eight-bit binary pattern will be encoded as: 

 

𝐿𝐵𝑃 =  ∑ 𝑠(𝑔𝑝 − 𝑔𝑐)2𝑝8
𝑝=0  (4) 

 

The 256 possible patterns that would be produced by (3) will be used to construct the histogram 

which will facilitate the process of texture description.  
 

3.1.   Current Trends of Using LBP 

Local Binary Pattern is one of the effective texture feature analysis methods which has been 

examined for several domains in the literature. For instance, Liu et al. [11] have addressed the problem of 

sensitivity of LBP regarding the noisy data which hinders the capturing of macro-structure information.  

The authors have proposed a novel texture classification method based on a median robust extended LBP. 

Unlike the traditional ones, the proposed method constrains the regional image medians instead of the raw 

image intensities. Using benchmark data, the authors have demonstrated that their proposed method has a 

superior performance regarding the grayscale variations and noise-resistance. On the other hand,  

Wan et al. [12] have proposed an enhanced LBP namely Average-LBP for the process of texture analysis on 
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human breast tissue images. Basically, such images are taken by the Optical Coherence Microscopy (OCM) 

which is a technology to capture microscopic images of human tissue. The proposed averaged-LBP has 

outperformed the original one in terms of encoding the texture structure. 

With the availability of real-time 3D sensors such as Kinect, the efforts of gesture recognition have 

extensively progressed. Since the 2-d LBP utilizes the texture information thus, it cannot be applied for 

gesture recognition which usually does not have texture information. Therefore, Kim et al. [13] have 

proposed an adaptive LBP for 3-d hand tracking. The proposed method has the ability to be invariant to both 

rotation and the depth distance in range images. Similarly, Dey et al. [14] have addressed the problem of 
word spotting in which the digital libraries are usually storing their books as images. Therefore, there is a 

vital demand to process these images in order to detect the words. This would offer a great opportunity for 

information retrieval where the user can search using some keywords and get accurate results.  

Hence, the authors have proposed a combination of LBP and spatial sampling for the process of detecting or 

spotting handwritten words using large-scale historical documents. Comparing the results of texture analysis 

features with other methods, the proposed method has demonstrated better performance. 

Additionally, Almezoghy et al. [15] have proposed a method for human palmprint detection using 

LBP. The proposed method utilizes different morphological features, then the LBP will use such feature in 

order to perform the detection. Using real data collected from 500 people, the proposed method has been 

applied and compared with other methods such as Principle Component Analysis. Experimental results 

showed that the proposed method has superior performance compared to PCA. Bian et al. [16] have proposed 

an extension of LBP which is called multi-structure LBP for the process of classifying high-resolution 
images. The proposed method utilizes three coupled descriptors with multi-structure sampling in order to 

identify complementary features. Results revealed that the proposed method has the ability to capture local 

spatial pattern and local contrast effectively compared to other methods. 

Jia et al. [17] have improved the classification of hyperspectral images using a novel LBP namely 

LBP superpixel-level. The proposed method utilizes a uniform LBP to identify local features. 

Consequentially, a Support Vector Machine classifier has been used to classify the description of every pixel 

belonging to every class. Using real data of hyperspectral images, the proposed method showed superior 

performance in terms of classification.  

Due to the limitation of traditional LBP in capturing spatial structures, Yuan et al. [18] have 

proposed a Hamming-Distance approach to the LBP for texture classification and material recognition.  

The experiments demonstrate the efficacy of the proposed method. Another study by Xu et al. [19] have 
addressed the problem of averaging an underlying smooth surface in an image when using the original LBP. 

Therefore, the authors have proposed a Polynomial Contrast Binary Pattern (PCBP) in order to efficiently 

estimate the underlying local surface information which can be depicted as a linear projection of the local 

patch. The authors have examined the proposed method for the facial recognition task. Finally,  

Kou et al. [20] have examined the limitation of the inability to capture the macro and microstructure of an 

image when using the traditional LBP. The authors have proposed a Principal Curvatures Local Binary 

Pattern (PCLBP). The proposed method had the ability to capture consecutive rotation invariance which led 

to improving the extraction of micro and macrostructure texture information. Table 1 summarizes all the LBP 

texture analysis related work that has been illustrated in latter paragraphs. 

 

 
Table 1. Summary of the current trend on LBP 

Reference Method Problem Task 

Liu et al. [11] extended LBP Structure Image Classification 

Wan et al. [12] Average-LBP Averaging Medical image classification 

Kim et al. [13] adaptive LBP Structure Image classification for handwritten recognition 

Dey et al. [14] LBP and spatial sampling Structure Image segmentation for handwritten recognition 

Almezoghy et al. [15] PCA-LBP Averaging Image Classification for Palm recognition 

Bian et al. [16] multi-structure LBP Structure High-resolution image classification 

Jia et al. [17] LBP superpixel-level Structure Image Classification for hyperspectral images 

Yuan et al. [18] HDLBP for spatial structure Structure Image classification for material recognition 

Xu et al. [19] PCBP Averaging Face recognition 

Kou et al. [20] PCLBP Structure Image texture Classification 

 

 

As shown in both Table 1 and Figure 2, two main limitations existed in the original LBP tackled by 

the recent studies including averaging and structure. However, the studies that examined the structure were 

larger than the averaging. This demonstrates the demand for modifying the original LBP to suite some spatial 

structure problems. 
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Figure 2. Main limitations of LBP tackled by recent studies 

 

 

4. GABOR FILTER AS A SIGNAL PROCESSING METHOD 

Gabor filter is composed of the product among an elliptical Gaussian and a sinusoidal. In fact, 

both Gaussian and sinusoidal have the same rotation that can be represented by x-axis and y-axis. 1-D Gabor 

elementary function can be defined as the product of a pulse of a form of a probability function with a 

harmonic oscillation of any frequency: 
 

𝑔(𝑡) =  𝑒−𝛼2(𝑡−𝑡0)2
𝑒𝑖2𝜋𝑓0𝑡+∅ (5) 

 

where 𝛼 is the time duration and bandwidth of the Gaussian envelope, t0 indicates the centroid, f0 indicates 

the frequency of sinusoidal and ∅ indicates the phase shift. In this vein, the 1-d Fourier transform of  
the Gabor function depicted in (5) can be represented as follow: 

 

𝐺(𝑓) =  √
𝜋

𝛼2 𝑒−(
𝜋

𝛼
)

2
(𝑓−𝑓0)2

𝑒−𝑖2𝜋(𝑓−𝑓0)+∅ (6) 

 

The Gabor function in (6) was focused near the time instance t0. Assume adjusting both t0 and ∅ to 

zero, the Gabor function will be represented as: 

 

𝑔(𝑡) =  𝑒−𝛼2𝑡2
𝑒𝑖2𝜋𝑓0𝑡 (7) 

 

4.1.   2-D Gabor Filter 

The two dimensional Gabor filter has been proposed for the image processing in general and for  

the feature extraction and texture analysis in particular. In the two dimensions Gabor, the time t is being 

replaced with spatial coordinates (i.e. x-axis and y-axis). As well as, the frequency f is being also replaced 
with two other variables which are u and v. In this vein, 2-D Gabor function can be represented as follow: 

 

𝑔(𝑥, 𝑦) = 𝑔(𝑥, 𝑦; 𝑓0, Ѳ) =  𝑒−(𝛼2𝑥𝑝
2ẞ2𝑦𝑝

2)𝑒𝑖2𝜋𝑓0𝑥𝑝 (8) 
 

where 𝑥𝑝 = x cos Ѳ + y sin Ѳ, 𝑦𝑝 = -x sin Ѳ + y cos Ѳ, and Ѳ is the rotation angle of the Gaussian major axis 

and the plane wave (sinusoidal). Apparently, a 2-D Gabor filter is the product of a 2-D Gaussian with 

oriented sinusoids. 

 

4.2.   Current Trends on Using Gabor Filter 

Gabor filter has been widely used for several domains especially the medical domain. For example, 

Lu et al. [21] have addressed the problem of low-quality images of the fundus in the medical domain.  

The authors have utilized a combination of Gabor filter and matched filter in order to recognize the vessels 

textures within the fundus images. Experimental results showed that the combination of Gabor and matched 

filters have significantly improved the quality of the vessel. In addition, Radhakrishnan et al. [22] have 

addressed another medical topic which is skin diseases. In fact, there are many skin diseases that can be 

detected in early stages such as tumour and skin cancer. Therefore, the authors have designed and 
implemented a new Gabor algorithm for the process of detecting skin diseases. The new algorithm has been 

called a Variable Thresholding Gabor Algorithm. During the image segmentation of skin diseases, there are 
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several parameters and variables that should be tuned. In the meantime, tuning these variables is different in 

accordance with the variety of skin diseases. Therefore, the proposed variable Thresholding algorithm will 

set a threshold value during the decision making period in order to overcome this problem.  

On the other hand, the Gabor filter has been used for geographical applications such as the one 

proposed by Ang et al. [23]. Basically, the authors have examined the problem of the footprint that still 

remain after disasters such as earthquakes. These footprints would be noise data that can hinder the process 

of detecting or predicting faults. Therefore, the authors have proposed a modified Gabor filter in order to 

detect and remove these footprints. Experimental results showed that the Gabor filter had the ability to detect 
and remove the footprint which has contributed toward better identification of structural features such as  

the sand and channels. Khaleefah et al. [24] have utilized texture classification method by using LBP 

descriptors for the task of paper texture identification or fingerprinting, which are well-known technique,  

in the texture classification that shown superior performance in authenticating documents.  Tadic et al. [25] 

have proposed a fuzzy Gabor filter for the license plates detection. In fact, the authors have addressed  

the problem of selecting the parameters of the Gabor filter. Therefore, they have used the fuzzy theory on  

the wavelength of the Gabor filter. Such a fuzzy-based algorithm has contributed toward efficient extraction 

of features with little noisy data. Low et al. [26] have proposed a multi-fold Gabor filter Convolution (FGFC) 

which aims to select appropriate filter for the task of face recognition. This is due to the tremendous 

possibilities existed in using the traditional Gabor filter. 

Khaleefah et al. [27] have used multiple Gabor filters for the task of an Automated Paper 

Fingerprinting (APF) method. The authors' work includes applying a number of Gabor filters with different 
scaling [S] and orientation [O].  S is {3, 5, 7, 9, 11} and O is {0, π/4, π/2, 3π/4, π} prior to the LBP operators 

(LBPP,R
basic, LBPP,R

u2  and LBP
P, R
riu2) which results, (GFLBPP,R

basic, GFLBPP,R
u2  and 𝐺𝐹LBP

P, R
riu2) operators. 

Experiments showed that the proposed method is able to identify deformed papers fingerprinting.  

Similarly, in the field of face recognition, there are variations of the selection for Gabor filter bank which 

leads to many experiments adjustment (trial and error). Hence, there are complex computations required to 

identify the best practice. Therefore, Dora et al. [28] have proposed a meta-heuristic approach of Particle 

Swarm Optimization (PSO) with the Gabor filter in order to identify the best parameters and minimizing  

the required computations. Ji et al. [29] have proposed a combination of Gabor filter and Discrete Fourier 

Transform in order to improve the multi-scale structures which cannot be detected by using Gabor filter only. 

Babashakoori and Ezoji [30] have proposed a combination of Gabor filter and Hough transform in order to 
improve the diameter measurement in scanning electron microscopy images. Table 2 summarizes all  

the Gabor filter related work that has been illustrated in the latter paragraphs. 

 

 

Table 2. Summary of the current trend on gabor filter 
Reference Method Problem Task 

Khaleefah et al. [27] 
Multi-scale Gabor filter, Multi-orientation 

Gabor filter and Multi-fold Gabor filter 
Parameter tuning Texture document image 

Lu et al.[21] Gabor and matched filters Low quality Medical image segmentation 

Radhakrishnan et al. [22] Variable thresholding Gabor algorithm Parameter tuning Medical image classification 

Ang et al. [23] Modified Gabor filter Noisy data Geographical image classification 

Khaleefah et al. [24] Gabor filter Structure Texture document image 

Tadic et al. [25] Fuzzy-based Gabor filter Parameter tuning Pattern recognition 

Low et al. [26] FGFC Parameter tuning Face recognition 

Dora et al. [28] PSO with Gabor filter Parameter tuning Face Recognition 

Ji et al. [29] Gabor with DFT Structure Image classification 

Babashakoori and Ezoji [30] Gabor and Hough Structure Image classification 

 

 

As shown in Table 2 and Figure 3, the most frequent limitation that still exists in the use of Gabor 

filter is the parameter tuning where tremendous possibilities can be selected. Therefore, many research efforts 

have attempted to transform the problem into optimization where the aim is to find the best solution.  
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Figure 3. Main limitations of gabor filter tackled by recent studies 

 
 

5. COMBINED TEXTURE DESCRIPTORS 

Various studies have addressed the combination of LBP and Gabor filter, for example,  

Zhou et al. [31] have proposed multiple descriptors including LBP, Local Phase Quantization (LPQ) and 

Gabor filter in order to solve the problem of blur or low-resolution of face representation. Experiments 

showed that the combination has significantly overcome the blur situation when representing faces.  

Hadizadeh [32] has proposed a combination of Gabor filter along with LBP in order to improve the texture 

classification. Both descriptors have been used to extract local and global features. Experiments showed that 

the proposed combination has improved the classification accuracy, especially when encountering Gaussian 

noise. Tao et al. [33] have proposed a combination of multi-channel local features produced by LBP along 

with Gabor filter for face recognition. Experiments demonstrated the efficacy of the proposed combination, 

especially for gray-level differences. Huang et al. [34] have combined both LBP and Gabor filter for object 
recognition from video. The proposed LBP has been intended to extract the local features, while the Gabor 

filter has been employed to extract global features. Consequentially, the Principle Component Analysis 

(PCA) has been applied in order to reduce the dimensionality of the features. The classification has been 

performed using Support Vector Machine (SVM) and showed that the combination of such descriptors has 

improved the accuracy of detection.  

For the sake of extending local and global features, Liu et al. [35] have proposed a combination of 

2-D Gabor filter along with LBP for facial expression recognition. The proposed combination has been 

incorporated with an Extreme Learning Machine (ELM) in order to perform the classification.  

Shihab et al., [36] study the phenomenon of Automated Paper Fingerprinting (APF) method that deploys a 

combination approach for Gabor Filters (GF) and Uniform Local Binary Patterns (ULBP) called  

the GFULBP operator to cater for both local and global image information during the feature extraction 
process for higher texture classification accuracy. The authors further reported that the APF method is 

evaluated by a standard dataset of 306 blank paper images derived from pre-existing scanner image dataset 

from the different institution (Universiti Kebangsaan Malaysia (UKM)) with properties ranges from 50 DPI, 

100 DPI, and 150 DPI respectively. It was observed in their report that the images are captured by a flatbed 

scanner with 50 DPI, 100 DPI, and 150 DPI resolutions and each image is represented by four patches that 

are segmented from specific locations of the image.  In addition the test results of the APF revealed that 

GFULBP is able to outperform the ULBP alone by 30.68% when the GF has a 5 scale and π/2 orientation 

degree. Furthermore, this research indicates that the integration of Gabor filters and ULBP significantly 

enhances the feature extraction quality and fingerprinting accuracy. Table 3 summarizes the latter studies that 

addressed the combination of Gabor and LBP. 

As shown in Figure 4, most of the studies that have examined the combination of Gabor and LBP 

were intended to extract more local and global features in order to overcome the specific issue. 
 

 

Table 3. Summary of combined gabor and LBP studies 
Reference Method Problem Task 

Zhou et al. [31] Gabor + LBP + LPQ Blur (low-resolution) Face recognition 

Hadizadeh [32] Gabor + LBP Extending local and global features Texture classification 

Tao et al. [33] Gabor + LBP Extending local and global features Face recognition 

Huang et al. [34] Gabor + LBP + PCA Extending local and global features Object recognition 

Liu et al. [35] 2D Gabor + LBP Extending local and global features Face recognition 

Khaleefah et al. [36] Gabor + LBP Parameter tuning Paper fingerprinting 

Alharan et al. [37] Gabor + LBP Extending local and global features Texture classification 
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Figure 4. Studies combining gabor and LBP 

 

 

6. DISCUSSION 

Reviewing the literature of LBP and Gabor, one could notice that the most existing limitation behind 

these descriptors is the addressing the spatial structure and the parameter tuning respectively.  

Therefore, when analyzing the studies that combined both descriptors, it worth mentioning that  

the combination has contributed toward overcoming the aforementioned limitations. This has been 
represented where the global features produced by Gabor have facilitated to handling spatial structure.  

In contrast, the local features produced by the LBP has facilitated toward reducing the problem of parameter 

tuning in Gabor. Apart from the two main limitations, it was noticed that the combination has also 

contributed toward solving specific issues such as blur (low-resolution), Gaussian noisy and gray-level 

differences. 

 

 

7. CONCLUSION  

This paper provided an overview of the feature extraction and description techniques depicted in  

the literature to characterize regions for images. A background of texture analysis and texture descriptors 

have been given. In addition, more concentration has been done on both LBP and Gabor texture descriptors. 
From the literature, one could notice that the most widely used descriptors from the local side were the LBP, 

and from the global side was the Gabor filter. Finally, promising efforts have been discussed in regard to 

combining both local and global descriptors. This combination can improve the detection of a wide range of 

patterns and extraction accuracy. Such suggestions might facilitate future researches to be aware of every 

pros and con of each descriptor. The future work shall consider applying different combinations of LBP and 

Gabor filters in complex feature extraction modelling. 
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