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Abstract:  

The objective of this paper is to develop an effective robust fuzzy c-means for a segmentation of breast and brain 

magnetic resonance images. The widely used conventional fuzzy c-means for medical image segmentations has 

limitations because of its squared-norm distance measure to measure the similarity between centers and data objects of 

medical images which are corrupted by heavy noise, outliers, and other imaging artifacts. To overcome the limitations 

this paper develops a novel objective function based standard objective function of fuzzy c-means that incorporates the 

robust kernel-induced distance for clustering the corrupted dataset of breast and brain medical images. By minimizing the 

novel objective function this paper obtains effective equation for optimal cluster centers and equation to achieve optimal 

membership grades for partitioning the given dataset. In order to solve the problems of clustering performance affected 

by initial centers of clusters, this paper introduces a specialized center initialization method for executing the proposed 

algorithm in segmenting medical images. Experiments are performed with synthetic, real breast and brain images to 

assess the performance of the proposed method. Further the validity of clustering results is obtained using silhouette 

method and this paper compares the results with the results of other recent reported fuzzy c-means methods. The 

experimental results show the superiority of the proposed clustering results. 
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1. Introduction 

Clustering is a form of unsupervised learning that aims to analyze and organize data into groups based on their similarity. 

For this reason, clustering is widely used in various problem- solving and decision-making applications, such as 

document retrieval, marketing research, genotype assignment, insurance fraud identification, image segmentation [1]. 

Over the years, there have been many methods and techniques developed to perform cluster analysis. Most traditional 

cluster analysis methods are crisp partitioning, in which every given object is strictly classified into a certain group. 

Hereby, the boundaries among classes are sharply in such partition. However, in practice, the class attributes of most 

objects are not strict but ambiguous; hence it is not suitable for soft partitioning. Fortunately, the fuzzy set theory 

proposed [2]. Initially, cluster based medical segmentation like k-mean, fuzzy c-mans algorithms are proposed for 

medical image segmentation. In recent years, researchers using the feature based algorithms for medical image 

segmentation [3]. Based on the literature, we motivated to work in the direction of medical image segmentation using 

feature descriptors [4]. Now, a concise review of the related literature available, targeted for development of our 

algorithms is given here. Local binary pattern features have emerged as a silver lining in the field of texture retrieval. 
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Ojala et al. proposed LBP [1] which are converted to rotational invariant for texture classification in [5]. Rotational 

invariant texture classification using feature distributions is proposed in [8]. The combination of Gabor filter and LBP for 

texture segmentation [9] and rotational invariant texture classification using LBP variance with global matching [10] has 

also been reported. Liao et al. proposed the dominant local binary patterns for texture classification [11]. Guo et al. 

developed the completed LBP scheme for texture classification [12]. LBP operator on facial expression analysis and 

recognition is successfully reported in [13] and [14]. Xi Li et al. proposed multi-scale heat kernel based face 

representation, for heat kernels that performs well in characterizing the topological structural information of face 

appearance. Further, the local binary pattern (LBP) descriptor is incorporated into the multiscale heat kernel face 

representation for capturing texture information of face appearance [15]. Face recognition under different lighting 

conditions by the use of local ternary patterns is discussed in [16] where emphasis lays on the issue of robustness of the 

local patterns. The background modeling and detection using LBP, extended LBP for shape localization and LBP for 

interest region description has been reported in [17], [18] and [19] respectively. Zhao et al. proposed the local 

spatiotemporal descriptors using LBP to represent and recognize spoken isolated phrases based solely on visual input 

[20]. Spatiotemporal local binary patterns extracted from mouth regions are used for describing isolated phrase 

sequences. Unay et al. proposed the local structure-based region-of-interest retrieval in brain MR images [16]. Yao and 

Chen proposed the local edge patterns for texture retrieval [21] where LEP value is computed using an edge obtained by 

applying the Sobel edge detector to intensity gray level and then LEP feature are extracted to describe the spatial 

structure of the local texture according to the organization of the edge pixels in a neighborhood [22-25].  

1.1 Main contributions 

The organization of the paper is as follows: In section 1, a brief review of texture features for various applications is 

given. A concise review of local binary patterns and LMEBP can be visualized in Section 2. Section 3, presents the 

proposed algorithm for medical image segmentation [70-72]. Further, experimental results and discussions to support the 

algorithm can be seen in section 4. Conclusions are derived in section 5. 

The LBP operator was introduced by Ojala et al. [26-28] for texture classification. Success in terms of speed (no need to 

tune any parameters) and performance is reported in many research areas such as texture classification [29-30], face 

recognition [31-33], object tracking, bio-medical image retrieval and finger print recognition [34-37].  

Given a center pixel in the 3×3 pattern, LBP value is computed by comparing its gray scale value with its neighborhoods 

based on Eq. (1) and Eq. (2): 
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Where ( )cI g denotes the gray value of the center pixel, ( )iI g is the gray value of its neighbors, P stands for the 

number of neighbors and R , the radius of the neighborhood [6769]. 
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Fig. 1 shows an example of obtaining an LBP from a given 3×3 pattern. The histograms of these patterns extract the 

distribution of edges in an image [38-40]. 

 

Fig. 1: Example of obtaining LBP and LTP for the 3×3 pattern 

 

Tan and Triggs [41-43] extended the LBP to three valued code called local ternary patterns (LTP), in which gray values 

in the zone of width ±t around cg  are quantized to zero, those above (gc+t) are quantized to +1 and those below (gc-t) 

are quantized to -1, i.e., the indicator ( )f x  is replaced with 3-valued function (Eq. 3) and binary LBP code is replaced 

by a ternary LTP code as shown in Fig. 1. 
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More details about LTP can be found in [44-47]. 

After computing the LP (LBP or LTP) for each pixel (j, k), the whole image is represented by building a histogram as 

shown in Eq. (4).  
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Where the size of input image is 1 2N N . 

 

In proposed LMEBP [48-50] for a given image the first maximum edge is obtained by the magnitude of local difference 

between the center pixel and its eight neighbors as shown below: 
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Where, max(x) calculates the maximum value in an array ‘x’. 

If this edge is positive, assign ‘1’ to this particular center pixel otherwise ‘0’. 
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The LMEBP is defined as: 
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Eventually, the given image is converted to LMEBP image having values ranging from 0 to 511. 

After calculation of LMEBP, the whole image is represented by building a histogram supported by Eq. (11).  
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Where the size of input image is 1 2N N . 

Similarly, the remaining seven LMEBPs are evaluated using seven maximum edges (second maximum edge to eighth 

maximum edge) to obtain eight LMEBP histograms. Hence the feature vector of the proposed method is 8×512. 

For rotational invariant LMEBP, we coded the LMEBP by gathering only the eight neighbors of a center pixel [51-53]. 

Further the uniform patterns are also considered [54-55]. In this paper, the pattern which has less than or equal to two 

discontinuities in the circular binary presentation is considered as the uniform pattern and remaining patterns are 

regarded as non-uniform patterns.  

2. Segmentation Algorithm 

Input: Image; Output: Retrieval result 

1. Load the gray scale image 

2. Calculate the LMEBP features from an image. 

3. Divide the LMEBP map in to sub blocks.  

4. Apply the similarity between the sub blocks. 

5. Based on the similarity merge the sub blocks. 

6. Form the regions (segments) for final segmentation. 

 

Feature vector for block-1, Q is represented as
1 1

( , ,........ )
LgQ Q Q Qf f f f  obtained after the feature extraction [57-61].  

Similarly block-2 feature vector
1 1

( , ,........ ); 1,2,......,
i i i iLgDB DB DB DBf f f f i DB  .  

In order to match the sub blocks we used d1 similarity distance metric computed by Eq. (13). 
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3. Results and Discussions 

In order to verify the effectiveness of the proposed algorithm, experiments were conducted on two brain MRIs [62-66]. 

The performance of the proposed algorithm is compared with the other existing FCM variant methods in terms of score, 

number of iterations (NI) and computational time (CT) on OASIS-MRI dataset. 

Fig. 2 and Fig. 3 illustrate the segmentation results of the proposed algorithm. Table 1 to Table 6 illustrates the results of 

proposed algorithm for image segmentation. The results after being investigated, the proposed method outperforms the 

other existing method in terms of score, number of iterations and time on benchmark database. 

 

 
Fig. 2: Segmentation results of proposed method. 

 

 
Fig. 3: Segmentation results of proposed method. 

 

Table 1: Comparison of various techniques in terms of score on Image (a) at different Salt-Pepper noise 

Cl: Cluster 

Method 

Salt-Pepper Noise (%) 

5% 10% 15% 20% 

Cl-1 Cl-2 Cl-3 Cl-1 Cl-2 Cl-3 Cl-1 Cl-2 Cl-3 Cl-1 Cl-2 Cl-3 

LBP 0.40 0.59 0.82 0.41 0.51 0.76 0.41 0.47 0.72 0.41 0.44 0.69 

LMEBP 0.48 0.63 0.74 0.35 0.50 0.67 0.30 0.45 0.61 0.26 0.41 0.57 
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Table 2: Comparison of various techniques in terms of score on Image (b) at different Salt-Pepper noise 

Cl: Cluster 

Method 

Salt-Pepper Noise (%) 

5% 10% 15% 20% 

Cl-1 Cl-2 Cl-3 Cl-1 Cl-2 Cl-3 Cl-1 Cl-2 Cl-3 Cl-1 Cl-2 Cl-3 

LBP 0.44 0.52 0.65 0.44 0.50 0.71 0.39 0.43 0.65 0.42 0.43 0.56 

LMEBP 0.46 0.55 0.69 0.49 0.54 0.74 0.43 0.47 0.68 0.46 0.48 0.60 

 

 

Table 3: Comparison of various techniques in terms of score on Image (a) at different Gaussian noise 

Cl: Cluster 

Method 

Gaussian Noise (%) 

5% 10% 15% 20% 

Cl-1 Cl-2 Cl-3 Cl-1 Cl-2 Cl-3 Cl-1 Cl-2 Cl-3 Cl-1 Cl-2 Cl-3 

LBP 0.40 0.59 0.82 0.41 0.51 0.76 0.41 0.47 0.72 0.41 0.44 0.69 

LMEBP 0.48 0.63 0.74 0.35 0.50 0.67 0.30 0.45 0.61 0.26 0.41 0.57 

 

Table 4: Comparison of various techniques in terms of score on Image (b) at different Gaussian noise 

Cl: Cluster 

Method 

Gaussian Noise (%) 

5% 10% 15% 20% 

Cl-1 Cl-2 Cl-3 Cl-1 Cl-2 Cl-3 Cl-1 Cl-2 Cl-3 Cl-1 Cl-2 Cl-3 

LBP 0.83 0.82 0.83 0.50 0.57 0.65 0.47 0.58 0.65 0.47 0.54 0.67 

LMEBP 0.85 0.86 0.85 0.56 0.61 0.69 0.53 0.64 0.67 0.51 0.58 0.64 

 

Table 5: Comparison of various techniques in terms of number of iterations and execution time at different 

Salt-Pepper noise on Image (a) 

NI: Number of iterations; TM: Execution Time (Sec.) 

Method 

Salt-Pepper Noise 

5% 10% 15% 20% 

NI TM NI TM NI TM NI TM 

LBP 28 0.65 30 0.68 24 0.50 23 0.48 

LMEBP 22 0.57 23 0.65 23 0.60 30 0.81 

 

Table 6: Comparison of various techniques in terms of number of iterations and execution time at different 

Gaussian Noise on Image (a) 

NI: Number of iterations; TM: Execution Time (Sec.) 

Method 

Gaussian Noise 

5% 10% 15% 20% 

NI TM NI TM NI TM NI TM 

LBP 24 0.50 26 0.56 22 0.46 28 0.40 

LMEBP 19 0.45 18 0.45 18 0.41 21 0.35 
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Fig. 2: Segmentation results of proposed method. 

 

 
Fig. 3: Segmentation results of proposed method. 

 

4. Conclusions 

A novel methodology based on feature descriptors is proposed for medical image retrieval application. For feature 

extraction LMEBP is used and then merging of sub blocks concept is used for segmentation. The performance of the 

proposed method is tested on benchmark database. The results after being investigated proposed method outperforms 

the other existing methods in terms of segmentation score, number of iterations and time. 
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