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Abstract—Cancer is a life threatening disease and it 

engulfs the lives of many women. Due to the technology 

advancement, the medical science is drastically improved. 

A statistical report claims that the diagnostic decisions of 

radiologists show more false positive rates, which is very 

dangerous. However, when the radiologists are supported 

by computer aided applications, the false positive results 

are considerably reduced. Understanding the potentiality 

of computer aided applications, this paper presents a 

double layered segmentation algorithm for cervical cell 

images. The entire work is subdivided into three 

important phases, which are cervical image pre-

processing, coarse and fine level segmentation. The pre-

processing phase attempts to remove the noise and 

enhance the image quality by means of adaptive mean 

filter and Contrast Limited Adaptive Histogram 

Equalization (CLAHE) technique respectively. The 

coarse level segmentation process is achieved by 

Generalized Hierarchical Fuzzy C Means (GHFCM) and 

the fine level segmentation process is carried out by 

Artificial Bee Colony (ABC) algorithm. The performance 

of the proposed segmentation algorithm is analysed in 

terms of accuracy, sensitivity and specificity. The 

experimental results show the efficacy of the proposed 

segmentation algorithm. 

 

Index Terms—Cervical cancer, image segmentation, pre-

processing, bio-inspired algorithm. 

 

I. INTRODUCTION  

Breast Cervical cancer is the fourth commonly 

occurring cancer among women worldwide and second 

common cancer in developing countries [1]. As on 2012, 

World Health Organization (WHO) has assessed that 

nearly 5,30,000 new cases have been affected by cervical 

cancer globally. The report added that about 1,22,844 

women are diagnosed with cervical cancer in a year. 

However, the public shows least awareness with respect 

to this dreadful disease. This lack of knowledge about the 

cervical cancer results in increased mortality rates. The 

statistical report of the year 2012, states that over 67,477 

patients die because of cervical cancer. 

Unlike other cancers, cervical cancer does not show 

notable symptoms. Hence, periodical check ups alone can 

offer the women an ideal escape from this dreadful cancer. 

Owing to the advancement of medical science and 

technology, several equipments have been introduced to 

combat against cancer. The popular screening test for 

detecting cervical cell abnormality is the pap smear test. 

During the screening procedure, the healthcare 

professional takes the cervical cell samples followed by 

staining them. The process of staining is to easily 

differentiate between the cell components. It is for the 

healthcare professional to interpret the screen reports with 

high accuracy rates. However when the healthcare 

professional is assisted by a computerized system, the 

accuracy and sensitivity rates are improved. These 

improvements are because of the double layered 

inspection of the screen reports. 

The advanced image processing techniques show its 

remarkable contributions towards detecting the 

abnormalities being present in the medical image. 

Understanding the necessity of an automated system to 

detect the abnormalities of cervical images, this work 

aims to present a system to segment the nuclei of the 

cervical cell images. However, achieving reasonable 

accuracy and sensitivity rates are not simple. This is 

because of the complex structure, poor contrast and 

unstable staining of the cervical cells. All these factors 

affect the accuracy rates of the abnormality detection 

system. Taking the mentioned challenges into account, 

this article presents an automated segmentation technique 

to extract nuclei from the cervical cells. 

The entire work is categorized into three different 

phases, which are cervical image pre-processing, coarse 

and fine segmentation. The image pre-processing is the 

basic step, which makes the images suitable for the 

forthcoming processes such as segmentation, feature 

extraction and classification. In this work, the pre-

processing step is concerned with noise elimination and 

contrast enhancement. The noise elimination is attained 

by the adaptive median filter and the contrast of the 

images is enhanced by CLAHE (Contrast Limited 

Adaptive Histogram Equalization) technique. The 

cervical image segmentation process is achieved in two 
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steps and they are coarse and fine segmentation. The 

coarse segmentation process is achieved by the 

Generalized Hierarchical Fuzzy C Means (GHFCM). 

This level of segmentation roughly segments the image 

and the next level of segmentation refines the formed 

clusters. The fine segmentation process is achieved by 

Artificial Bee Colony (ABC) algorithm, which imitates 

the behaviour of honey bees. 

This two level segmentation procedure produces better 

segmented images. The better the segmentation results, 

the easier is the classification procedure. The time 

consumption for the image classification process is very 

minimal, when the segmentation results are accurate. 

These points are taken into account and this work 

proposes a double layered segmentation technique. The 

highlights of this work are listed below. 

 

 The noise elimination process is done by adaptive 

median filter, which conserves the edges and 

minute details of an image. 

 The contrast of the images is enhanced by the 

CLAHE technique, which is a local contrast 

enhancement technique. 

 The coarse level segmentation is carried out by 

GHFCM, which is efficient and robust. 

 The fine level segmentation is done by ABC 

algorithm, which effectively refines the formed 

clusters. 

 The double layered segmentation technique 

improves segmentation accuracy and sensitivity 

rates. 

 

The remainder of this paper is organized as follows. 

The related literature with respect to image segmentation 

over cervical images is presented in section 2. The 

proposed cervical image segmentation technique is 

presented in section 3. The performance of the proposed 

approach is analyzed in section 4. The concluding 

remarks of the proposed segmentation technique are 

presented in section 5. 

  

II. RELATED WORK 

This section reviews the related literature with respect 

to the cervical image segmentation.   

A method based on polar transformation is presented to 

detect and segment cervical cells in [2]. Silhouette 

technique is utilized to determine the number of clusters. 

However, this method involves computational complexity 

and consumes more time for image segmentation.  

In [3], the cellular components such as nucleus and 

cytoplasm are segmented by means of Gaussian Mixture 

Models (GMM). This work intends to improve the 

segmentation accuracy by combining the GMM with 

shape based segmentation concept. The drawback of this 

work is the poor experimental analysis.  

A segmentation algorithm based on Fuzzy C Means 

(FCM) and Back Propagation Neural Networks (BPNN) 

is proposed in [4]. The shape features are extracted from 

the image and fed as input to the BPNN. The regions are 

distinguished by the BPNN as nucleus or not.  

In [5], the cervical cell segmentation is done by colour 

clustering method. Initially, the image is converted from 

RGB to HSV model, followed by which the segmentation 

is done. The segmentation of cell nucleus and cytoplasm 

is achieved by colour clustering.  

A nuclei segmentation technique for cervical images is 

presented in [6]. The cervical images are segmented by 

mean-shift method. Initially, the contrast of the cervical 

images is improved by decorrelation stretch contrast 

enhancement technique. The process of segmentation is 

achieved by morphological operations. 

In [7], the nuclei of the cervical images are segmented 

by an active adaptive contour modelling. The active 

contour modelling is constructed by morphological 

operations. The local regions of the image are extracted 

by Gaussian kernel function and split bregman technique 

performs the segmentation process. 

A cervical cell image segmentation technique is 

proposed in [8], which involves nucleus enhancement and 

segmentation. The nucleus enhancement process is 

achieved by combining the colour and intensity 

information of the cervical images. The image is then 

reconstructed with respect to morphological patterns, in 

order to extract the regional maxima. The final 

segmentation process is performed by shape descriptors. 

In [9], a watershed based segmentation technique is 

proposed for both cervical and breast cell images. 

Initially, a distance transform is applied over the image, 

followed by the application of H-minima transform. This 

transform is to segment the cells based on the distance. 

This method is found to be superior to the standard 

watershed technique. 

A technique to segment the nucleus and cytoplasm in 

cervical cell images based on multi-scale convolutional 

network and graph partitioning approach is proposed in 

[10]. Initially, the multi-scale convolutional network 

extracts several scale-invariant features and performs 

rough segmentation. The graph partitioning approach 

improves the already formed clusters with the prior 

knowledge.  

In [11], an automatic nuclei segmentation technique for 

cervical images is proposed. The cervical image is 

represented as by a Markov Random Field (MRF), on the 

basis of the watershed segmentation map. By this way, 

the lesions are detected and the segmentation is 

performed by means of loopy belief propagation over the 

MRF. 

A GVF snake model based segmentation algorithm to 

segment the cervical images is presented in [12]. The 

proposed model intends to extract the nucleus from the 

cervical cells. The attributes of this model are set by the 

energy function.  

In [13], a technique to segment the cervical cell 

nucleus is proposed. Initially, the clusters are formed by 

k-means algorithm. This step is followed by the 

utilization of gradient vector flow snake model for 

extracting the gradient information of the object 
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boundaries. The region is extracted by the object 

boundary and gray scale cluster.  

A two-phase segmentation approach for cervical 

images is proposed in [14]. Initially, the cervical images 

are segmented by non-parametric hierarchical 

segmentation algorithm, which considers the spectral, 

shape and gradient information. The second phase 

extracts the nucleus and cytoplasm by taking the spectral 

and shape properties of the objects.  

In [15], the cervical images are segmented by 

Intersecting Cortical Model (ICM). The attributes of ICM 

are optimized by Particle Swarm Optimization (PSO) 

algorithm. This results in better segmentation. The work 

proposed in [16] presents a segmentation algorithm for 

cervical images. This algorithm segments the cervical 

image by Radiating Gradient Vector Flow (RGVF) snake. 

The classification between different cervical cell classes 

is done by Support Vector Machine (SVM). 

Motivated by the above works, this paper intends to 

present a double layered segmentation algorithm, which 

performs coarse and fine segmentation. The coarse 

segmentation is done by GHFCM and the fine 

segmentation process is carried out by the bio-inspired 

ABC algorithm. The proposed double layered 

segmentation approach is elaborated in the following 

section. 

 

III. PROPOSED DOUBLE LAYERED SEGMENTATION 

ALGORITHM 

This section presents the detailed work flow of the 

proposed segmentation algorithm along with the overall 

flow of the work. 

A. Overall flow of the work 

This work intends to extract the nucleus of the 

abnormal cervical cells by means of double layered 

segmentation algorithm. However segmenting a cell is 

very challenging, owing to the complex structure of the 

cell, inconsistent cell staining and poor contrast. Thus, 

irrespective of the presence of several segmentation 

algorithms, there is still a constant demand for the 

accurate segmentation algorithm. This research work 

presents a double layered segmentation algorithm, in 

which two step segmentation process occurs. 

The initial segmentation process presents coarse 

segmented cervical cells and the final segmentation 

process refines or enhances the existing segments of the 

cervical cells. This kind of segment refinement enhances 

the segmentation accuracy.  

Besides this, the proposed segmentation procedure 

works fast, as well. The important phases of this work are 

cervical image pre-processing, coarse and fine 

segmentation. The pre-processing step achieves two 

different tasks, which are noise removal and contrast 

enhancement.  

The noise being present in the cervical images is 

eliminated by the adaptive median filter. The contrast of 

the cervical images is improved by the CLAHE technique. 

The overall process flow of the work is depicted in figure 

1.  

As soon as the cervical images are pre-processed, the 

images become fit for the forthcoming process. An 

effective pre-processing procedure maximizes the 

accuracy of any image analytic activity.  

 

 
Fig.1. Overall flow of the work 

Hence, in this work cervical image pre-processing 

process precedes the process of cervical image 

segmentation. The cervical image segmentation is carried 

out by two phases, which are coarse and fine 

segmentation. The coarse segmentation is done by 

GHFCM and the so formed clusters are refined by ABC 

algorithm. This double layered segmentation strives hard 

to arrive at accurate segmentation results. The working 

principle of the proposed approach is presented in the 

following sub-sections.   

B. Cervical Image Pre-Processing 

The pre-processing phase of cervical images is done in 

two steps. Initially, the noise is eliminated by employing 

adaptive median filter and the contrast of the images is 

enhanced by CLAHE technique. The adaptive median 

filter is utilized for denoising the cervical images, as this 

filter conserves the edges and minute information of the 

images. The noise removal and contrast enhancement 

processes are explained below. 

1) Noise removal by adaptive median filter 

The adaptive median filter denoises the cervical images 

through spatial processing. Each and every pixel is 

treated by adaptive median filter. The adaptive median 

filter operates by considering the neighbourhood pixels of 

every single pixel. The value of the manipulated pixel is 

matched against the values of the neighbourhood pixels.  

In case of the unconnected value of the manipulated 

pixel with respect to the values of the neighbourhood 

pixels, the median value of the neighbourhood pixels is 

computed. The computed mean value is substituted in the 

place of the manipulated pixel. The major difference 

between the adaptive median filter and median filter is 

that the neighbourhood window size is fixed in median 

filter.  
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On the other hand, the adaptive median filter does not 

allow fixed window size for noise removal process. The 

manipulated pixel always remains in the centre place of 

the window. In case, if the central pixel is observed to be 

affected by impulse noise, then the median value is 

substituted. Suppose, if the median value is found to be 

corrupted by impulse noise, then the size of the window 

is elongated. This process is repeated for all the pixels 

being present in an image. The resultant image is 

smoothened, while conserving the details of the image. 

The next step of cervical image pre-processing is to 

enhance the contrast of the image, which is presented as 

follows. The sample input images along with the sample 

pre-processed images are presented in figure 2.  

2) Cervical Image Contrast Enhancement by CLAHE  

The CLAHE is a local contrast enhancement technique, 

which intends to improve the image contrast. CLAHE 

enhances the brightness degree of an image, such that the 

details of an image can easily be located.  

The colour dyes usually get smudged, which makes the 

object discrimination tougher. In order to process these 

images in a better way, contrast enhancement of the 

images is necessary. The CLAHE technique enhances the 

brightness of the images, however the images are saved 

from the issue of brightness saturation. Additionally, the 

CLAHE technique is very simple to implement, yet 

powerful [17-19]. 

 

 

Fig.2. Pre-processed cervical images 

In the above figure, image a to d are input images and 

a1 to d1 are the corresponding pre-processed images. As 

this work considers microscopic images of cervical cells, 

colour dyes are utilized to distinguish between the cell 

components.  

3) Coarse Segmentation by GHFCM 

This section intends to segment the pre-processed 

cervical images roughly. Usually, the segmentation 

procedure is carried out in an image for extracting the 

areas of interest. This work utilizes microscopic images 

and attempts to extract nucleus from the complex cell 

components. Understanding the complexity of nucleus 

extraction, this work performs a double layered 

segmentation.  

The initial segmentation is achieved by GHFCM, 

which is the combination of Generalized Fuzzy C Means 

(GFCM) [20] and Hierarchical Fuzzy C Means (HFCM) 

[21]. GHFCM is employed for performing coarse level 

segmentation, as it is efficient and robust. In addition to 

this, the capability to withstand the noise makes it more 

suitable for this work [22]. 

The concept of Fuzzy C Means (FCM) segmentation is 

promising, because of its working principle. The 

information of the processing images is conserved by the 

FCM [23,24]. The traditional FCM algorithm is observed 

to be ineffective for noisy images, as it utilizes Euclidean 

distance measure.  

The Euclidean distance measure does not work 

spatially and so the results are not impressive. Hence, this 

work employs auxiliary FCMs in the place of Euclidean 

distance. Besides this, the local spatial and component 

information of the images are combined together through 

generalized mean over fuzzy membership [25]. The 

GHFCM’s objective function is presented below. 

 

𝑂𝐵𝑓𝑛 = ∑ ∑ ∑ 𝑝𝑖𝑐
𝑤𝑞𝑖𝑐𝑠𝑐

ℎ  𝑊𝑓||𝑚𝑎 − 𝜇𝑐𝑠𝑐||
2𝑆𝐶

𝑠𝑐=1
𝐶
𝑐=1

𝑁
𝑖=1    (1) 

 

Where 𝑖 = {1,2,3, … , 𝑁} and it denotes the number of 

images. 𝐶  is the total number of clusters and 𝑆𝐶  is the 

total count of subclasses. The membership degree of 𝑚𝑖 

in the 𝑐𝑡ℎ  cluster is denoted by 𝑝𝑖𝑐  and 𝑤  is the weight 

component of the fuzzy membership function. 𝑞𝑖𝑐𝑠𝑐 is the 

auxiliary membership function. 𝑊𝑓 is the weighing factor 

that manages the distance between the manipulated and 

the central pixel. 𝑚𝑎 indicates the intensity of an image 

and 𝜇𝑐𝑠𝑐  is the central point of the cluster. The 

computation of 𝑝𝑖𝑐 , 𝑞𝑖𝑐𝑠𝑐  𝑎𝑛𝑑 𝜇𝑐𝑠𝑐 is represented as 

follows. 

 

𝑝𝑖𝑐 =
∑ 𝑤𝑓𝑝𝑑𝑐𝑓∈𝑁𝐻𝑊𝑖

∑ ∑ 𝑤𝑓𝑝𝑑𝑝𝑓∈𝑁𝐻𝑊𝑖
𝐶
𝑝=1

                      (2) 

 

𝑞𝑖𝑐𝑠𝑐 =
∑ 𝑤𝑓𝑓∈𝑁𝐻𝑊𝑖

𝑞𝑑𝑐𝑠𝑐

∑ ∑ 𝑤𝑓𝑞𝑑𝑐𝑠𝑐𝑓∈𝑁𝐻𝑊𝑖
𝑆𝐶
𝑝=1

                    (3) 

 

The central point of the cluster 𝜇𝑐𝑠𝑐 is represented by 

the following equation. 

 

𝜇𝑐𝑠𝑐 =
∑ ∑ 𝑝𝑖𝑐

𝑤𝑞𝑖𝑐𝑠𝑐
ℎ

𝑓∈𝑁𝐻𝑊𝑖
𝑁
𝑖=1  𝑚𝑎

∑ 𝑝𝑖𝑐
𝑤 𝑞𝑖𝑐𝑠𝑐

ℎ𝑁
𝑖=1

                  (4) 

 

In the above equations, 𝑁𝐻𝑊𝑖  denotes the 

neighbourhood of pixel 𝑖 . 𝑚𝑑𝑐𝑠𝑐  denotes the distance 

function, which is the Euclidean distance.  

By this way, the coarse segmentation is done by 

GHFCM. This algorithm considers the spatial 

relationship and distance function into account for 

performing segmentation. This initial step of 

segmentation is followed by the fine segmentation and is 

explained below.  

4) Fine Segmentation by ABC Algorithm 
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ABC is a bio-inspired metaheuristic algorithm that 

intends to refine the already formed clusters. The ABC 

algorithm mimics the nature of honey bees and is 

proposed by Karaboga [26]. The major ingredients of 

ABC algorithm are food source, employed and 

unemployed bees. The goal of this algorithm is to find the 

best food source.  

A food source is determined as the best by considering 

the distance, quality and the energy requirement of the 

bees. The distance between the bee hive and the food 

source must be minimal, such that the food source can be 

reached by the bees in a short span of time.  

Secondly, the quality of the food source must be 

greater and the energy requirement of the bees for food 

consumption must be lower. Figure 3 depicts the coarse 

and fine segmented cervical images. The figures a 

through d are input images, a1 to d1 are coarsely 

segmented images and a2 to d2 are finely segmented 

images. 

 

 

Fig.3. Coarse and fine segmented images 

A swarm of bees are utilized for finding the best food 

source. The bee swarm is comprised of employed and 

unemployed bees. Employed bees cover the half portion 

of the swarm and the remaining bee swarm is occupied 

by unemployed bees. The main task of the employed bees 

is to find the information about the high quality food 

source and share the found information with the fellow 

bees.  

Usually, the location and the distance information of 

the food source is shared with the fellow bees. There are 

two kinds of unemployed bees, which are scout and 

onlooker bees. The scout bees search for the new food 

source in the surrounding areas of the bee hive. The 

onlooker bees present in the bee hive and make the 

decision about the food source. The decision is made by 

considering the knowledge given by the employed bees. 

The quality of the food source is assessed by the 

quantity of honey in the food source. The solution to the 

optimization issue is determined by the position of the 

food source. The quality of the food source acts as the 

fitness function of the algorithm. The working principle 

of the algorithm is that the food source search process is 

initiated by the scout bees.  

The number of employed bees is equivalent to the 

number of food sources available. The employed and 

onlooker bees consume the food source continuously and 

so the amount of food source starts to reduce. In this 

scenario, the employed bees transform itself to scout bees 

to search for new food source. The proposed double 

layered segmentation algorithm is presented below. 

 

Double layered segmentation algorithm 

Input : Cervical cell images 

Output: Nuclei segmented images 

Begin 

For images 1 to n 

  Do 

    Remove noise by adaptive median filter; 

    Enhance the image contrast by CLAHE; 

    Perform coarse segmentation by GHFCM; 

    Save the results; 

   // Perform fine segmentation by ABC algorithm 

     Distribute the food source in a random fashion; 

     Compute the fitness value of the food source by eqn.5  

       // Employed bee phase 

            Find new food source; 

            Compute fitness value of the food source; 

            Exploit GHFCM and greedy selection; 

            Compute the food source’s probability by eqn. 7; 

      // Onlooker bee phase 

             Select a food source 𝑓𝑠𝑖; 

             Compute the fitness value by eqn.6; 

             Exploit GHFCM and greedy selection; 

             Compare the old and new food source; 

             If (new food source is better) 

             Delete the old 𝑓𝑠𝑖; 

             Save the best 𝑓𝑠𝑖; 

  While termination condition is dissatisfied; 

 

The classic ABC algorithm is organised into three 

stages and they are initialization, employed, onlooker and 

scout bees stages respectively. The initialization stage 

intends to set the control parameters and termination 

condition. The employed bees stage aims to search for the 

high quality food source in the surrounding location of 

the consumed food source. As soon as the new food 

source is found, the fitness of the food source is 

computed. This step is followed by the execution of 

greedy selection, which matches the quality of the older 

and the new food source. The knowledge being gained 

about the food source is shared with the onlooker bees.  

The onlooker bee phase attempts to choose the best 

food source by considering the knowledge gained from 

the employed bees. Whenever a new food source 

is found, it is compared with the older one by means of 

greedy selection. At last, the employed bees start to 

become scout bees, when the optimal solutions could not 

be found. These stages are repeated till the optimal 

solution is reached [27, 28]. The proposed work involves 

double layered segmentation, because the convergence 

time of ABC is more. Hence, it would be better to pass 

the initial cluster point to the ABC and this is done by 

GHFCM. 

Consider that 𝑓𝑠 is the food source and is represented 

as 𝑓𝑠 = 1,2, … , 𝑖, which is a N dimensional vector. The 

value of N is represented by the total number of pixels 

and the segments. The initial count of pixels is two. The 

fitness value of the algorithm is given below. 
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𝑓𝑓 = 𝑒𝑣𝑎𝑟 + maxi(𝑣𝑎𝑟𝑟𝑒𝑔𝑖
) + 𝑐(𝑐𝑠)            (5) 

 

In the above equation, 𝑒𝑣𝑎𝑟 is the variance of the edges 

in the coarse segmented image, 𝑣𝑎𝑟𝑟𝑒𝑔𝑖
 is the variance of 

the 𝑖𝑡ℎ  region and 𝑐(𝑐𝑠)  is the cardinality of the 

connected components of the coarsely segmented images. 

As soon as the fitness of the food source is computed, the 

employed bees start to explore new food source in the 

surrounding region. On finding the new food source, the 

fitness of the new food source is computed and compared 

with the old one by greedy selection.  

In case, if the similarity between the pixel and cluster 

centre similarity is more, then the older food source is 

deleted. This is represented as  

 

𝑟𝑒𝑐𝑖,𝑗 = 𝑖𝑝𝑖,𝑗 + 𝛽(𝑖𝑝𝑖,𝑗 – 𝑖𝑝𝑘,𝑗)                 (6) 

 

In the above equation, 𝑖𝑝𝑖,𝑗 and 𝑖𝑝𝑘,𝑗  are the 

corresponding locations of the old and new pixels 

respectively. 𝛽 is the directionality that ranges from 1 to -

1. The food source is searched by changing the direction 

with respect to 𝛽. Thus, the related pixels are grouped 

together with respect to the cluster centre.  

The bee searches the neighbourhood location for a new 

food source, by gradually changing the position. This step 

is followed by the computation of the probability of the 

food source, which is presented in the following equation. 

 

𝑝𝑟𝑖 =
𝑓𝑓𝑖

∑ 𝑓𝑓𝑓𝑠
𝑖
𝑓𝑠=1

                                (7) 

 

The onlooker bees that reside in the bee hive selects 

the pixel on the basis of the probability value and strives 

to find some other pixel in the local neighbourhood. Thus, 

the onlooker bees select the pixel with optimal fitness 

value. The process continues until the best solution is 

obtained.  

The following section analyses the performance of the 

proposed double layered segmentation algorithm. From 

figure 3, the capability of double layered segmentation is 

proved. The coarsely segmented images contain certain 

unwanted information and the fine segmentation 

procedure can segment the nuclei of the cervical cells 

efficiently.  

 

IV. EXPERIMENTAL ANALYSIS 

The experimentation of this work is carried out in 

Matlab environment. This work randomly chooses 

hundred cervical images from the Herlev dataset [29]. 

The nuclei being present in the cervical cells are 

segmented by the double layered segmentation algorithm. 

The performance of the proposed segmentation algorithm 

is compared against the analogous segmentation 

approaches such as FCM+BPNN [4] and mean-shift 

based algorithm [6]. The experimental settings of the 

proposed algorithm are presented in table 1.  

 

Table 1. Experimental Settings 

Experimental Parameters Settings 

Population size 35 

Chosen locations for neighbourhood 

search 

14 

Max iterations 2000 

 

The performance metrics being considered are 

segmentation accuracy, sensitivity, specificity and time 

consumption. The formulae for computing these 

performance metrics are presented in the following 

equations. 

 

𝑎𝑐𝑐𝑠𝑒𝑔 =
𝑇𝑝+𝑇𝑛

𝑇𝑝+𝑇𝑛+𝐹𝑝+𝐹𝑛
× 100                    (8) 

 

𝑆𝑒𝑛𝑠𝑒𝑔 =
𝑇𝑝

𝑇𝑝+𝐹𝑛
× 100                          (9) 

 

𝑆𝑝𝑠𝑒𝑔 =
𝑇𝑛

𝐹𝑝+𝑇𝑛
× 100                        (10) 

 

In the above equations, true positive, true negative, 

false positive and false negative rates are represented by 

TP, TN, FP and FN. Segmentation accuracy must be 

greater for any segmentation algorithm. This is because; 

the relevant pixels are grouped together, only when the 

segmentation accuracy is higher.  

Sensitivity is the rate of perfectly segmented images to 

the total images that are correctly and incorrectly 

segmented. Specificity is the rate of images that are 

accurately segmented as cluster member to the sum of 

images that are correctly segmented as negative and the 

images that are wrongly segmented as the cluster member. 

The experimental results of the segmentation algorithms 

are compared and are presented below. 

 

 

Fig.4. Comparative analysis on accuracy, sensitivity and specificity 
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Fig.5. Time consumption analysis 

From the experimental results, it is proved that the 

performance of the double layered segmentation 

algorithm is better than the analogous segmentation 

techniques. The accuracy of the proposed double layered 

segmentation algorithm is greater, because of the careful 

image pre-processing and the double layered 

segmentation steps. The maximum accuracy rate being 

shown by the proposed double layered segmentation 

algorithm is 97.6.  

The FCM+BPNN approach holds the second place 

with respect to accuracy rate with 93.4. The mean-shift 

based approach could prove only 88.34 percent. 

On considering the sensitivity rates, the proposed 

approach proves the greatest value with 94.8 percent, 

which is followed by the value 89.7 percent and is shown 

by FCM+BPNN approach. The greatest specificity rate is 

proven by the proposed double layered segmentation 

approach, which is 95.8 percent. The combination of 

FCM and BPNN shows 86.2 as specificity rates and the 

mean-shift approach shows 78.6 percent. Thus, the 

combination of FCM and BPNN is the tough competitor 

to the proposed approach. 

As far as the time consumption is considered, the time 

is measured in seconds. The time it takes to segment 

every single image is measured. Here, the graph is drawn 

for five sample cervical images. On comparison, this 

work observes that the time consumption to double-

segment the cervical images are comparatively lesser 

when compared to the existing approaches.  

The maximum time being consumed by the proposed 

segmentation algorithm is 18 seconds and is for image 4. 

The segmentation process for image 4 is completed in the 

shortest span of time, which is ten seconds. The 

combination of FCM and BPNN takes about fifty seven 

seconds to segment the image 5 at the maximum and 

forty three seconds are consumed for image 3. The mean-

shift approach consumes more than a minute to process 

most of the images. On the whole, the proposed approach 

proves better time consumption rates. 

The pre-processing step enhances the image quality, 

which plays a vital role in better segmentation. In 

addition to this, the proposed work does not rely on the 

single segmentation procedure but double layered 

segmentation procedure sharpens the performance of the 

algorithm.  

The sensitivity and specificity rates are also 

satisfactory, when compared to the existing approaches. 

Time consumption is the most important metric of any 

algorithm, and so the time consumption of all the 

approaches are measured and compared. The time 

consumption of the proposed segmentation algorithm is 

quite lower than the comparative approaches.   

 

V. CONCLUSION 

This paper presents a double layered segmentation 

algorithm for cervical cell images. The images are pre-

processed, so as to remove noise and enhance the image 

quality. The adaptive median filter and CLAHE 

technique are utilized for noise removal and contrast 

enhancement respectively. The segmentation process is 

carried out in two steps. Initially, the cervical images are 

segmented coarsely and then fine segmentation is carried 

out.  

The coarse level segmentation is done by GHFCM and 

fine level segmentation is performed by ABC algorithm. 

The performance of the proposed segmentation algorithm 

outperforms the comparative algorithms. In future, it is 

planned to classify between the different kinds of cervical 

cells.    
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