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ABSTRACT 

                   To date, cancer of uterine cervix is still a leading cause of cancer-related deaths in women 

worldwide. The current methods for screening the cervical cancer are Pap smear and LBC.It  is the most 

successful attempt of medical science and practice for the early detection of cervical cancer. Manual 

analysis of the cervical cells are time consuming, laborious and error prone. This paper presents an 

Artificial Intelligence(AI) based system for classifying cervical cells as normal, low-grade squamous 

intra-epithelial lesion (LSIL) and high-grade squamous intra-epithelial lesion (HSIL). The system 

consists of three stages. In the first stage, cervical cells are segmented using the  Moving K-means (MKM) 

clustering algorithm. In the second stage, the feature extraction process is performed.  In the third stage, 

the extracted data is classified using Multiple Adaptive Neuro Fuzzy Inference System(MANFIS). The 

empirical results show that the proposed method can achieve acceptable results. 
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1.INTRODUCTION 

Cervical cancer is the 2
nd

 most common female cancer in India. According to the key statistics in India, the 

annual number of cervical cancer cases are 1,22,844 and the annual number of cervical cancer deaths are 67,477 

[1]. Cervical cancer forms in the tissues of the cervix. Cervical cancer is almost always caused by human 

papillomavirus (HPV) . The virus can damage cells in the cervix. The primary reason for the cervical cancer is 

lack of awareness of the disease and access to screening and health services. It is usually a slow-growing cancer 

that may not have symptoms but they can be found with regular screening. The screening procedure is the very 

first procedure to identify the abnormalities of the cervical cell. Papanicolau smear test or pap test and Liquid 

Based Cytology(LBC) is a well known screening method for detecting the abnormalities of the cervical cells. 

The patients will wait in a long queue for the screening procedure due to the limited number of experts. The 

cervical screening method is highly depend on the skill of the experts. Therefore, diagnosis may not be always 

in a consistent manner. To overcome these problems, computation tools have been developed for automated 

screening system. 
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2.PROPOSED SYSTEM: 

       In the proposed system, the cervical screening is done by computer-aided screening system to produce 

more accurate and faster screening result. The screening procedure in the proposed system is based on the 

Artificial Intelligence (AI) tool. To automate both the Pap smear and the LBC classification based on AI, they 

are not only  used to  reduce the time  but also reduce the misclassification of sample due to eye fatigue or 

human error .The proposed system is able to categorize the cervical cells into three groups Normal , LSIL(Low 

Scale 2Intraepithelial Lesions) and HSIL(High Scale Intraepithelial Lesions).    

 

 

 

 

 

 

 

 

 

 

                                          

                                               Figure 1:Cervical Cancer Computer Vision System 

III.METHODOLOGY 

3.1 MOVING K-MEAN (MKM): 

                      MKM clustering algorithm is used to segment the image into three regions; that is, nucleus, 

cytoplasm, and background. Thus, the number of clusters is set to three (𝑛𝑐 = 3). The MKM  clustering  

algorithm is used to determine the  final centres of nucleus ‗CN‘, cytoplasm ‗CC‗ and background ‗CB‗ in the 

cervical cell image. The Moving K-means clustering algorithm is the modified version of K-means. It 

introduces the concept of fitness to ensure that each cluster should have a significant number of members and 

final fitness values before the new position of cluster is calculated [5,6]. 

         Based on the euclidean distance concept, the threshold value, 𝛽𝑁𝐶 and 𝛽𝐶𝐵, is calculated based on 

𝛽𝑁𝐶 = (𝐶 𝑁+𝐶 𝐶)/2                               (1) 

𝛽𝐶B = (𝐶 C+𝐶 B)/2                               (2) 
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 where ‗𝛽𝑁𝐶‗ is the threshold value to differentiate the nucleus- cytoplasm area and ‗𝛽𝐶𝐵‗ `is the 

threshold value to differentiate the cytoplasm-background area.Image final center threshold values. The results 

of final centre and threshold values for normal, LSIL, and HSIL image are presented in Table 1.  

 𝐶 𝑁 𝐶 𝐶 𝐶𝐵 𝛽 𝑁𝐶 𝛽 𝐶𝐵 

Normal 153 190 227 171 208 

LSIL 161 194 234 177 214 

HSIL 152 187 235 169 211 

Table 1: Final centres and threshold values for normal, LSIL, and HSIL  

                              

3.2 MODIFIED SEED BASED REGION GROWING ALGORITHM(MSBRG) 

In medical field, region growing algorithm has successfully been used as segmentation technique of medical 

images. The Seed Based Region Growing Features Extraction Algorithm will utilize the potential use of 

thresholding the region growing algorithm as features extraction technique. The algorithm is used to segment 

the cervical cell image into three main regions : nucleus, cytoplasm, and background. Simultaneously, all the 

features needed from the image are extracted. The features are size, average grey level value, and perimeter for 

both the nucleus and cytoplasm, respectively [7].The results shown in Figure 1 proved that the modified SBRG 

algorithm has successfully segmented the cervical cell images. 

    

               (a)Normal cell  (b)LSIL cell (c)HSIL cell 

 

    

     (a)Normal cell segmentation (b)LSIL cell segmentation  (c)HSIL cell segmentation 

 

               Figure 1: (a) Segmentation Result of Cervical cell for normal, (b) LSIL, and (c) HSIL 
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                                        Table 2: Features extracted from normal, LSIL, and HSIL 

3.3 MANFIS classification 

    ANFIS is a hybrid learning procedure which constructs an input–output mapping based on fuzzy if–then rules 

with ap- propriate member functions to generate the stipulated input– output pairs [8]. However, A multioutput 

model can be designed by connecting few single output models.Thus, a Multiple Adaptive Neuro-Fuzzy 

Inference System (MANFIS) is proposed in the presented study. The MANFIS contains a number of ANFIS 

models which are arranged in parallel combination to produce a model with multiple outputs. A hybrid learning 

algorithm which combines least squares estimation and back propagation is used for membership function 

parameter estimation. The advantage of hybrid method is that it uses back propagation for parameter associated 

with input membership function and least square estimation for parameters associated with output membership. 

A total of 500 single cell images have been used in the classification process (376 normal, 79 LSIL, and 45 

HSIL), where 80% of the cells (400 images) have been used for training and 20% of the cells (100 images) have 

been used for the MANFIS testing. Based on the analysis method which is proposed by Hoang [9], the fivefold 

analysis method is chosen. The accuracy percentage of each class is calculated by dividing the summation of the 

predicted number of cells over the summation of the original number of samples in each class in all folds[10].  

 

IV RESULT AND DISCUSSION 
                 The results that have been yielded by the MANFIS in each fold are illustrated in Table 4. 

The table presents the number of predicted samples for each category of cell class (i.e., the normal, LSIL, and 

HSIL).  
 Traing Testing Accuracy 

Normal LSIL HSIL Normal LSIL HSIL Acc.train Acc.test 

FOLD1 294 62 35 73 13 8 97.8 94.0 

FOLD2 304 56 25 61 15 16 96.3 92.0 

FOLD3 298 51 32 65 20 10 95.3 95.0 

FOLD4 306 48 29 54 26 13 95.8 93.0 

FOLD5 300 59 27 66 16 15 96.5 97.0 

Avg.acc 97.3 92.6 93.7 94.9 92.8 92.5 96.3 94.2 

 

Table 4: The predicted number of the cervical cell images classes for the fivefold method and the accuracy         

produced for each category and the overall accuracy of the training and test phases 

The normal cells attain highest accuracy (97.3%) as compared to the LSIL (92.6%) and HSIL (93.7%) because 

the HSIL is almost similar to the LSIL.[11]  Accuracy =[ Number of correctly classified samples/ Total cell 

samples]∗ 100%             (3) 
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Size(pixels
2
) 

Features 

Perimeter 

(pixels) 

Gray  

Level(0-

255) 

Normal 

 

Nucleus 337 89 145.875 

Cytoplasm 8859 1282 187.512 

LSIL 

 

Nucleus 1155 307 160.565 

Cytoplasm 6239 550 186.131 

HSIL 

 

Nucleus 1327 320 151.455 

Cytoplasm 3675 373 173.084 
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                    The average accuracy is measured based upon (3), and the produced results for 

overallclassificationprocessare96.3% and 94.2% for training and testing phases, respectively. Thus, with the 

high accuracy obtained from the classification process, the system is con- cluded to be reliable and suitable to 

be applied for cervical cancer classification. 

 

V. CONCLUSION 
   An intelligent computer vision system has been developed for the classification of cervical cancer 

based on its morphological cell characteristics. The developed system is able to categorize the cervical cells into 

three groups, namely, normal, LSIL, and HSIL. The system consists of MKM algorithm ,modified SBRG 

algorithm and MANFIS classifier. The moving 𝑘-mean algorithm to find the threshold value to differentiate 

nucleus, cytoplasm, and background area of the cervical cell image. Segmentation and features extraction are 

then executed using modified SBRG technique. The SBRG algorithm is capable to extract 6 features from the 

images (size, perimeter, and average grey level for both nucleus and cytoplasm). Finally, the features are used 

as inputs to the MANFIS for classification of the type of cervical cells. The training accuracy produced by 

MANFIS and the testing accuracy was based on the fivefold analysis method.The system is proven to be very 

efficient and also helpful to be used by medical lab technicians and biologists. 
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