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Abstract - Cervical Cancer (CC) is one among the most vulnerable and exceedingly affected diseases among 

ladies around the globe. Usually, cells develop and divide to deliver more cells just when the body needs them. 

The proposed model exhibits cost-sensitive classifiers that have three primary stages; the principal stage is 

preprocessing the original data to set it up for classification model which is developed based on Adaptive 

Neuro-Fuzzy Inference System (ANFIS) classifier. To enhance the classifying accuracy for determining the 

cervical cancer threat, we are considering Whale Optimization (WO) to select optimal features like both genetic 

and natural components. The motivation behind data mining is to discover some data which isn't specifically 

obvious or retrievable by perusing data or executing simple inquiries to the data. A precise and convenient 

prediction could maintain a strategic distance from any future issue at a specific level. 
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I. INTRODUCTION 

 

Cervical cancer debilitates the lives of numerous ladies in our reality today. In 2014, the number of women 

affected with this sickness in the United States was 12,578, of which 4,115 passed on, with a death rate of 

almost 32% [1]. The body is comprised of numerous kinds of cells. Regularly, cells develop and partition to 

deliver more cells just when the body needs them. This precise procedure continues isolating when new cells are 

not required [2]. There are three general classifications of techniques considered. Age, genetic factor, and 

heredity are non-preventable hazard factors related to breast cancer [3]. Preventable hazard factors are 

overweight, hormone substitution treatment, alcohol along with smoking. Other hazard factors are Radiation 

introduction, late pregnancy at more seasoned age, high bone thickness and post-menopausal hormone 

treatment. The first includes delivering persistent level highlights from the cell level data, e.g. by outline 

measurements. For instance, one could figure snapshots of the cell level factors and connect those patient level 

highlights into a classification algorithm [4]. The second broad approach is to build up a factual model for the 

cell level data, and utilizing Bayes theorem or some other technique to create a patient level prediction, for 

example, a posterior probability of disease [5]. Data mining alludes to a set of procedures which could be 

utilized to mine data. Here mining alludes to uncover some hidden truths, rules, connections, designs from the 

data which are not directly obvious. There are numerous data mining methods are accessible, for example, 

classification, clustering, association rule mining, et cetera [6, 7]. 

 

Classification is the way of classifying comparative items. There are numerous classification algorithms for 

retrieving the information, not for mining purposes. In this manner, the analyst faces various challenges in 

managing it specifically without preprocessing [8]. Developing different machine learning methods to anticipate 

cervical cancer and non-cancerous from the data set. The performance [9] of different algorithms utilized is 

compared under the techniques in terms of sensitivity, specificity, and accuracy to decide the best predictor for 

cervical cancer [10]. 

 

1.1 Purpose of Data mining  

It is a procedure of three stages getting information from data, knowledge from information and wisdom from 

knowledge. Data mining has a place with the first step which is a change of data into information. At the 

beginning level of this data mining process, one can comprehend the genuine idea of working, however, in the 
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end, the advantages and features of these data mining can be recognized in a valuable way. The changed data 

can be straightforwardly contribution to the data mining system for investigation reason. Data mining strategy 

examines the objective data and outputs a set of patterns. 

 

II. RECENT REVIEWS  

 

Classification of Cervical Cancer utilizing Artificial Neural Networks (ANN) was proposed by Anousouya Devi 

et al. in 2016 [11]. The classification between the normal, abnormal and cancerous cells is distinguished by 

utilizing an ANN which produces exact outcomes than the manual screening strategies like Pap spread and 

Liquid Cytology Based (LCB) test. The ANN utilizes a few designs for simple and precise recognition of 

cervical cells. An overview and investigation of the diverse kinds of engineering in the ANN with its accurate 

results and execution are discussed. A short portrayal of the working and location of cervical cancer is displayed 

which is valuable for the classification of normal and abnormal cervical cells. 

 

In any case, the resulting classification issue is far from trivial, as there are many microRNA types, and tumors 

are non-directly connected to the nearness of a few overexpression's by Alejandro Lopez-Rincon et al in 

2018[12]. To apply a transformative enhanced convolutional neural network to this perplexing assignment. The 

exhibited approach is thought about against 21 best in class classifiers, on a true dataset including 8,129 

patients, for 29 distinct classes of tumors, utilizing 1,046 diverse biomarkers. Because of the correlation, we 

likewise exhibit a meta-analysis on the dataset, distinguishing the classes on which the collective performance 

of the considered classifiers is less compelling, and in this way perhaps singling out kinds of tumors for which 

biomarker tests may be less solid. 

 

Another wrapper feature selection approach was proposed in view of Whale Optimization Algorithm (WOA) by 

MajdiMafarja et al 2018 [13]. WOA is a recently proposed algorithm that has not been systematically connected 

to feature determination issues yet. Two binary variations of the WOA algorithm are proposed to attain the 

optimal feature subsets for classification purposes. In the first, we expect to contemplate the impact of utilizing 

the Tournament and Roulette Wheel determination components as opposed to utilizing a random operator in the 

searching procedure. In the second approach, crossover and mutation operators are utilized to improve the 

misuse of the WOA algorithm. 

 

Another technique is presented for early identification of breast cancer based on Adaptive Neuro-Fuzzy 

Inference System (ANFIS) and feature determination by PayamZarbakhsh et al. in 2017 [14]. In this strategy, 

ANFIS is utilized as a smart classifier and Association Rules (AR) procedure is utilized as feature selection 

calculation. In ANFIS, the estimation of the range has a huge impact on system accuracy. In this manner, in the 

proposed strategy we utilized Cuckoo Optimization Algorithm (COA) to locate the optimal value of radius. 

 

III. METHODOLOGY  

 

Medical data classification causes the specialist to classify the diseases and give an appropriate treatment to that 

patient. The proposed procedure focuses on the Cervical Cancer (CC) detection utilizing data mining strategy, 

this cancer can be cured if it is distinguished and treated in its earlier stage.  
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Fig 1: Block Diagram for Proposed model 

Basically, the missing values and repetitive data are expelled in preprocessing stage for that will prompt 

astounding outcomes and diminished expenses for data mining. This structure contains two primary stages, for 

example, feature selection and classification; at first, select the database to expel undesirable data from that; for 

the feature selection process utilizing inspired Whale Optimization (WO) to select optimal credit data to classify 

the disease. From this optimal features consider as an input to ANFIS classifier to classifying the data as health 

or Non-Healthy. This proposed procedure is accessible as viewed in diagrammatic view (figure 1). 

 

3.1 Pre Processing 

In preprocessing, the input unrefined medical dataset is indicated as the input. This unrefined data is to a great 

degree inclined to the commotion, absent values, and contradiction. The predominance of unrefined data 

impacts the classification precision. To build up the predominance of the medicinal data, the unrefined data is 

pre-processed [15]. From this procedure, this CC data are described by their mistake, irregularity, excess, 

sparseness condition along with inexactness. 

 

3.2 Optimal Feature Selection Phase 

Processing a large number of features in databases is challenging task for implementation method. Along these 

lines, in this area, we proposed WO based optimal feature selection. It is processing step which helps in 

decreasing the dimensionality and accordingly expanding the accuracy as well as performance. 

 

3.2.1 Whale optimization  

In the meta-heuristic algorithm, a recently proposed optimization called WO, which motivated from the bubble-

net hunting strategy. Algorithm depicts the extraordinary hunting behavior of humpback whales, the whale’s 

follows the typical bubbles causes the making of circular or '9- a shaped path [13]. Essentially, bubble-net 

empowering/hunting behavior could see with the true objective that humpback whale went down in water 

unpleasant 10-15 meter and a short time later start to convey bubbles in a spiral shape encases prey and after 

that, the bubble-net moves up the surface. Encircles prey and then follows the bubbles and moves upward the 

surface, this entire procedure for feature selection shown below. 

Fitness Function for optimization 

The fitness function selects which ought to be utilized for the constraints as indicated by the present populace. In 

each data of CC disease evaluate fitness; here consider accuracy with using confusing matrix, and update the 

new encircling preys based on the evaluated fitness function. 

)(AccuracyMaxFit             (1) 

(i) Encircling Preys 

Humpback whale surrounds the prey (small fishes) at that point updates its position towards the optimum 

solution through the span of increasing number of iteration from beginning to a maximum number of iteration. 

The target prey and the other hunt operators try to revive their positions towards it and this behavior showed up 

by the accompanying condition. 

|)()(*.| tHtHKE                   (2) 

EAtHH bestt *.)(*)1(            (3) 

From equation (2) and (3)  rK .2  where  
*H best position, H  as whale position. 

 

(ii) Bubble-net attacking Method 

Two enhanced methodologies are outlined as follows for numerically simulating the bubble-net behavior of 

humpback whales: 

Spiral-updating position 

A spiral equation is used between the position of whale and prey to imitate the helix-framed improvement of 

humpback whales as takes after: The separation between the position of whale and its prey is ascertained, and 

afterward an equation of spiral is made amongst whale and prey areas to simulate the development of helix 

shape by humpback whales. 
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)(*).2cos(..)1( tHaeWtH bt                   (4) 

Where a  random value between -1 to 1, To demonstrate this synchronous behavior, we acknowledge that 

there is a possibility of the half to choose between both the shrinking encircling mechanism and the spiral model 

to update the position of whales at the time of optimization process. Humpback whales swim around the prey 

inside a contracting circle and along a spiral-shaped path simultaneously. So we expect that there is a possibility 

around 50% to choose between either the shrinking encircling mechanisms. 

 

Search for prey 

A comparable approach in perspective of the vector can be utilized to search for prey (investigation). Normally, 

humpback whales randomly as shown by the position of each other. Successively to have an overall analyzer, 

the query operator is revived by a randomly selected search agent rather than the best search agent.  

HHCW rand  .


                     (5) 

WAHtH rand .)1( 


              (6) 

This mechanism and 1A accentuate exploration and permit the WO algorithm to play out a global optimum 

and 1A for refreshing the position of the search agents. Moreover, the updated position of a search agent 

here is done by randomly chose an agent that allows the WOA to perform a global search. 

(iii) Termination criteria 

The procedure is repeated until the point when the greatest number of iterations is come to. The new solution set 

is assessed, trailed by the above updating stages till the stopping criterion is met. 

 

3.3 CC Classification Phase 

Developing Adaptive Neuro-Fuzzy Inference System (ANFIS) classifier to predict cervical cancer and non-

cancerous from the data set. Imbalanced data will be data that isn't adjusted condition, in which the number of 

individuals from the class that surpasses the measure of the class. Presently the optimal features consider the 

cancer hazard factor classification process. 

 

Adaptive Neuro-Fuzzy Inference System 

ANFIS is a class of adaptive neural networks and that is practically proportional to FIS. This classifier is a mix 

of Inference System (FIS) executed in the structure of an adaptive fuzzy neural network. ANFIS control is a 

hybrid technique comprises of two sections which are gradient strategy applied to calculate input membership 

function parameters, and least square method is applied to calculate the parameters of output function [16]. The 

block diagram of ANFIS building configuration is given in figure 2.  
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Fig 2: ANFIS Structure 

Out of five layers, the first and the fourth layers obtain adaptive nodes while the second, third and fifth layers 

get fixed nodes. In the ANFIS, nodes in a similar layer have similar functions as depicted beneath: 

Layer 1: Nodes of this layer creates membership grades of the crisp inputs which have a place with every one 

of helpful fuzzy sets by using the membership functions. Each node in the input layer is adaptive one and the 

node produces membership grades of the crisp features. 

Layer 2:  In the second layer, the nodes are called as fixed nodes. This layer involves fuzzy operators; it uses 

the AND operator to fuzzify the input features. 

Layer 3: Every node, i in this layer is an adaptive node with its corresponding node function. The nodes are also 

fixed nodes and it is labeled by N, to indicate that they play a normalization role to the firing strengths from the 

previous layer. 

ii fuO *3                (7) 

Here if is the parameter set of this node. Parameters in this layer are referred to as consequent parameters. 

Layer 4: (Consequent nodes): In this layer, the contribution of rules towards the total class or the model output 

and/or the function. 

Layer 5: Output Nodes: This layer has a single fixed node which computes the final output as the summation of 

all incoming optimal features of cancer risk database. 

rqypxffuO iiiii 5        (8) 

In the fifth layer, there is a fixed node. This node makes the output by summating each and every approaching 

feature. ANFIS classifiers are trained with the back propagation gradient descent technique with the 

combination of the least squares strategy when optimal features based classify the cancer risk factors disease. 

 

IV. RESULT AND DISCUSSION 

 

This above methodology implemented in MATLAB software, the manual classification of cervical cancer 

suffers from many drawbacks which lead to the discovery of automated or computerized classification methods. 

This features based classification compared to existing techniques like Genetic algorithm (GA), Particle Swarm 

Optimization (PSO, and Artificial Neural Network (ANN). 

 

This above methodology implemented in MATLAB software, the manual classification of cervical cancer 

suffers from many drawbacks which lead to the discovery of automated or computerized classification methods. 

This features based classification compared to existing techniques like Genetic algorithm (GA), Particle Swarm 

Optimization (PSO, and Artificial Neural Network (ANN). 
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Database Description  

This classification process the CC database collected from University of California at Irvine (UCI) machine 

learning repository, it has a number of attributes, from that some specific attributes. Cervical cancer dataset 

2017, consist of 858 data rows, each one has 36 attributes. Four medical test attributes constitute the target of 

this database. 

 

Performance Metrics: 

Sensitivity: The sensitivity of the attribute removal and the attribute categorization is determined by enchanting 

the proportion of the amount of true positives to the summation of true positive (TP) and false negative (TN).  

FNTP

TP
Sen


     (9) 

Specificity: The specificity of the attribute removal and the attribute categorization is resolute by enchanting the 

proportion of amount of true positives to the summation of true positive (FP) and false negative (FN). 

FPTN

TN
Spc


      (10) 

Accuracy: The accuracy of attribute removal and the attribute categorization can be considered by enchanting 

the proportion of true values obtains in the populace. 

FNTNFPTP

TNTP
Acc






 

 (11) 

 
 

Fig 3:  Comparative analysis for Fitness unction 

 

Optimization fitness function (accuracy) indicated figure 3, utilizing a small feature set may enhance 

classification accuracy by eliminating noise inducing features. The utilization of a small feature set raises the 

believability of the assessed performance of the classifier. The undeniable reason is that we have excluded any 

test history particular to cervical cancer. The most extreme fitness accuracy delivered in WO, compared GA and 

PSO the greatest accuracy as 96.25%. 

 

Table 1: CC classification results for ANFIS 

 

Testing (%) Accuracy Sensitivity Specificity 

10 96.56 91.22 92.33 

20 91.2 96.3 89.2 

30 92.22 91.22 90.1 
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Fig 4:  Classification result comparison 

 

Table 1 and figure 4 demonstrates the cancer classification results for proposed classifier and ANN, the 

specificity as 90.54%. The positive and negative analytical value of the ANFIS is achieving the most astounding 

estimation of 93.32%, 92% respectively. The classification model building is performed utilizing ANFIS in 

which each node produces two child nodes at the time of tree development. As indicated by the number of 

classes, binary class classification has two classes includes two values for the target attributes; No for not 

infected patients. The performance of classifiers is assessed through the confusion matrix in terms of accuracy. 

To enhance the correctness of the prediction level, ANFIS algorithm is utilized to predict cancer and it is 

classified as Benign or the accuracy level reached to the degree of 93.34%. 

V. CONCLUSION 

 

Cervical cancer is a preventable disease if it is caught early, especially in the pre-cancerous stage. Thus the key 

to fighting cervical cancer is screening that is accurate and of low cost. The proposed model depends on optimal 

features based ANFIS classifier with a cost matrix that different cost values. It contains a higher cost for error in 

cases that have a positive medical testfor infected patients but classified as not infected patients.  Investigational 

outcome specifies that the projected classification structure hassurpassed by encompassing enhanced accuracy 

of CC classification. They denote presence or absence of some features, e.g., symptoms, diagnoses. In this work, 

a framework is proposed to predict cervical cancer among the women.  Even then our classifier can predict with 

utmost accuracy with its simple database which could be used by any female without visiting a doctor even. 
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