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Abstract: Advanced fuzzy set theoretic techniques play an important role in image processing mostly in 

medical field. Medical images are inadequately illuminated, where regions are vague or hardly visible, creating 

uncertainty.  Intuitionistic fuzzy sets are more useful in processing the medical images in early days. Cancer is 

one of most common disease in women worldwide. The final prediction and prognosis of cancer is based on the 

examination of cells or tissues under the microscope by a pathologist. The digital slides are converted to 

images, which can be viewed and analyzed on a computer monitor. These are called digital pathology images. 

These images are then analyzed through various image processing algorithms. At the same time, histopathology 

images are very complicated to diagnosis the cancer cells from the hematoxylin and erosion stains. This kind of 

situation is handled by advanced intuitionistic fuzzy set theories. This paper presents triangular IFS applied for 

a segment of cancer nuclei from cancer histopathology images. Before segmentation, the contrast level is 

improved by using contrast stretching. This proposed method is evaluated by F1- Score, Dice metric and 

Jaccard index. TriIFS method produced better results when compared with the existing standard segmentation 

algorithms.     

Keywords: Image processing, digital pathology, TriIFS(Triangular Intuitionistic Fuzzy Set) 

 

I. Introduction 
 Breast cancer is the most prevailing type of cancer in women worldwide. In India, cancer patients are 

increasing, particularly in urban areas. There are 25 to 32 patients around 100 patients have suffered from breast 

cancer compared to other types of cancers [1,2]. Diagnosis finds the state of the cancer whether it is benign or 

malignant. The biopsy samples are viewed under a microscope by a pathologist. Pathologists are spending more 

time to take medical decision for cancer diagnosis.  Digital pathology has helped to decrease the manual work 

and error. The tissue samples are accumulating on glass slides and convert into digital images and analysis 

through digital image processing techniques.  Automated nuclei detection and segmentation task is very 

difficult, particularly complicated on various pathology images [3]. Indeed, breast pathology images contain the 

absence of structure and unstructured nuclei. This type of problems handled by advanced fuzzy set theories. 

Fuzzy logic concepts have played significant role in image processing and it is handling various uncertainties. 

The fuzzy approaches in image processing that can understand, represented, process the images. This process 

called as fuzzy image processing. It has three main stages, namely image fuzzification, change of membership 

values, and if necessary image defuzzification[4]. The fuzzy image processing structure is shown in figure1.  
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 An intuitionistic fuzzy set contains membership and non membership, non-membership degree is not 

equal to complement of the membership degree, it is equal or less than to the complement of membership 

degree.  This set has been most useful in real-time applications such as remotely sensed images and medical 

images[5]. Histopathology images are mostly poorly illuminated, and boundaries are vague and uncertainty. So, 

applied triangular intuitionistic fuzzy sets for detecting the cancer nuclei, and it is handled uncertainty.   

 

II. BACKGROUND AND RELATED WORK 
In this section, review of digital histopathology images, nuclei cancer cells segmentation techniques and metrics.  

 

2.1 Digital histopathology images 

 Digital pathology is the microscopic analysis of a surgical specimen or biopsy, which is processed by 

chemically and sections into the glass slides and then find out cancer expression. These sections are dyed with 

one or more stains for tissue components visualization under a microscopic. The pathologists are used 

hematoxylin and eosin stains over hundred years.  Still, it is generally used in pathos labs.  Eosin stains in pink 

color to represent stroma, cytoplasm and other structures and hematoxylin stains nuclei in dark blue color [6,7]. 

After staining, digital images are produced by using fast slide scanners.  

 

2.2 Cancer nuclei cells segmentation techniques for H&E stained images 

 Fuzzy image processing methods are applied in many fields such as object recognition, robot vision, 

bio medical image processing, remotely sensed satellite images, and so on. In the following, fuzzy set and 

advanced fuzzy set theories are frequently suggested by many authors. Image preprocessing algorithms are used 

to upgrading of the image data. The aim of image segmentation is assisting to separate the object from image 

background. Segmentation techniques are such as contextual and non contextual. The contextual techniques are 

considered the proximity of the pixel in the object. The non contextual techniques are considered where grouped 

together of similar pixels[5]. The watershed, threshold, k-means, color k-means, fuzzy c-means and active 

contour segmentation methods are frequently applied for to detect the cancer nuclei [6].   

 

2.3 Method for assessment of segmentation techniques   

This proposed method is evaluated by F1- Score, Dice metric and Jaccard index. The F1-score and jaccard index 

both are region based metrics. These following details are given below,  

 

2.3.1. F1-score 

F1 score also called as F-score or F-measure. It is used for evaluate a segmentation accuracy. It is considers both 

the precision (P) and the recall (R)[17,18]. 

                                             (1) 

Precision d 

 

2.3.2. Dice metric 

 Dice metric is one of the quantitative evaluations of segmentation methods. This Sorenson dice 

similarity coefficient metrics is applied for segmentation performance evaluation[19]. Given Dice (F, G), F is a 

set of pixels annotated as a ground truth object and G a set of pixels segmented as a glandular object, Dice index 

is defined as follows, 

                             (2) 

 Further, the dice coefficient represents the ratio of the overlapped region between the segmented and 

the truth region. The maximum value of Dice (F, G) is 1, when the segmented region is matching with truth 

region, and minimum value is 0 when the segmented region totally neglects the ground truth. 

 

2.3.3 Jaccard Index 
 For evaluating object segmentation as measuring the similarity between the ground truth and the 

segmentation. The segmentation result and corresponding ground truth are represented as S and G respectively 

[21]. Jaccard Index is defined as  

                                        (3) 

Jaccard index is range between zero for the worst case and one for the best case for segmentation.  
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III. METHODOLOGY 
3.1 Statement of the Problem 

 One of the challenges for histopathology image segmentation such as variation in image colors due to 

Hematoxylin & Erosion reagents, staining process and sensor reaction.  A lot of existing methods are used to 

detect the cancer nuclei [9,10,11].  It is very hard to find nuclei from uncertainty and vagueness situations. 

These conditions are handled by intuitionistic fuzzy sets.  

 

3.2 Objectives of Study  

 Recently advanced fuzzy sets theory most important factor in image processing field, because of fuzzy 

techniques are knowledge and non-linear based.  Fuzzy mostly used in image processing for biomedical image 

processing, object recognition and remotely sensed scene analysis. But in some cases, fuzzy set theory not 

segments the images obviously. Advanced intuitionistic and type II fuzzy set are provides better result. In fuzzy 

set theory consist basic three ways to define the membership function such as employing expert knowledge, 

clearly basis on statistical methods and analytically by suitable chosen function[4]. 

 The fuzzy set theory initiated by L. A. Zadeh in 1965.  In 1983, Atanassov was firstly introduced the 

concept of an Intuitionistic fuzzy set. The Intuitionistic fuzzy sets use two indexes such as membership and non-

membership functions, which to described fuzziness. Intuitionistic fuzzy triangular function (TriIFS) is specified 

by three parameters a, b and c. the parameter of a, is lower limit, and c is upper limit and a value b [5].  

Intuitionistic fuzzy triangular membership function of A consist of, 

Definition 3.1 A digital image is represent d(x, y), described with digitization. The 2D continuous image d(x, y) 

is divided into N number of rows and M number of columns. Images contain with a rows and a column is 

termed a pixel.  

Definition 3.2 let F be a nonempty set of the universe. If there are two mapping on the set F 

   

A denoted the Universal set X,  and  are called the membership and non membership function of A, The 

set of the Intuitionistic fuzzy sets on the universal set X is denoted by F(X). The sum of membership and non 

membership degree is not superior than 1.  

Definition 3.3 For every ordinary fuzzy subset A on X, intuitionistic fuzzy index of x in A is distinct as  πA(x) = 

1 – μA(x) – νA(x). It is called as degree of uncertainty degree or degree of hesitancy of the element x in A. 

Obviously for every x ∈  X, 0 ≤ πA(x) ≤ 1[22]. 

Definition 3.4 Intuitionistic fuzzy set (IFS). Let X be an universal set, an intuitionistic fuzzy set A in X is given 

by A= , } where the functions, : X  [0,1] along with : X  [0,1], determine 

the degree of membership and non membership of the element  correspondingly for every 

+ [23]. 

Definition 3.5 Triangular intuitionistic fuzzy number (TriIFN), A triangular fuzzy number consist 

of ,  x ∈ F} where and   are considered triangular fuzzy number [23].  

 

3.3 Proposed algorithm 

 Cancer histopathology images are containing H&E stains so it is very tough to segment the nuclei. The 

proposed algorithm is applied for separate the nuclei from breast cancer histopathology images. Breast cancer 

histopathology images are taken from breakhis database. This real time data is collected from 82 patients [13]. 

In proposed work, 40x magnification images are taken in the process. These images are blurred with noise and 

cells are unstructured. In the preprocessing, improve the contrast level by using contrast stretching.  

TriIFS proposed algorithm: 

i) Preprocessed image covert to fuzzy image. After that applied advanced intuitionistic fuzzy set theory.  

Initialize minimum and maximum values from the fuzzified image. 

Mmin =(<a,b,c>),<a
’
,b

’
,c

’
>) Mmax=(<e,f,g>),<e

’
,f

’
,g

’
>) 

 

ii) Define the membership and non membership triangular intuitionistic fuzzy number 

(a) Triangular Membership function 

 
a=min(a,e) 

c=min(c,f) 
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(b) Triangular Non membership function 

 
a=min(a,e) 

c=min(c,f) 

 

iii) Define maximum and minimum values between triangular intuitionistic fuzzy numbers by using m
*

x fuzzy 

oscillation, infimum(inf) and supreum(sup) based [24].  

iv) Fuzzy oscillation inf and sup defined as ).  Finally separated the red , green and 

blues channels from the defuzzified images.   

 

IV. Results And Discussion 

 Intuitionistic fuzzy set is one of the most powerful algorithms to deal with vagueness and uncertainty.  

Triangular intuitionistic fuzzy set algorithm compared to the existing methods through various evaluation 

methods shows in figure2. The existing methods are such as k-means, marker watershed and fuzzy c-means 

segmentation [9]. The proposed method is applied for various lobular carcinomas breast images. These images 

are contained unstructured nuclei and H&E stains cause uncertainty and vagueness.  The existing methods also 

work well when applied for clear nuclei structured images. But, it is lack on uncertainty and vagueness when 

arise in image data. 

  
 

(a) Input Image b)TriIFS 

segmentation 

c) seperated the 

channels 

  
 

d) k-means 

segmentation 

e) Fuzzy c-menas f) Marker Watershed 

Figure 2: a)Labular__carcinoma images are taken for process, b) 

applied triangular intuitionistic fuzzy sets to detect the nuclei from 

image.c)separate rgb channels from segmented images. 

 

 The triangular intuitionistic fuzzy proposed method is evaluated by F1- Score, Dice metric and Jaccard 

index. This proposed method was produced better results when compared to the existing standard segmentation 

algorithms are shown in Table1.  

 

Table 1: Evaluation metric for proposed and standard existing methods 

 

 

V. Conclusion and  Future Work 
 Digital pathology plays an important role in diagnosis state of the cancer. A new proposed method of 

triangular intuitionistic fuzzy set theory applied in image processing which is used to detect the cancer nuclei 

from various pathology images which contain vagueness and uncertainty. It is aid to reduce the manual work 

and errors. This proposed method is evaluated with F-measure, Dice metric and then Jaccard index. It gets better 

result compared to the existing standard methods.  Different kind of existing techniques and continue to be 

S.NO Methods F1-score Dice 
metric 

Jaccard Index 

1 k-means 97.7 0.007 0.24 

2 Marker -Watershed 94.4 0.0013 0.221 

3 Fuzzy c-means 96.3 0.021 0.34 

4 Triangular 

intuitionistic fuzzy 

98.39 0.334 0.71 
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developed while detecting stage of cancerous in digital microscopy. In future work, improve the membership 

and non membership values by using operators in fuzzy set theory.  
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