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Abstract: Segmentation is one of the important steps in 

image processing. Features of cervical images determine 

the severity of cancer.  In medical image processing and 

analysis, various tasks like object representation & 

description, feature extraction, description of object's 

anatomical structure, visualization of Region of Interest 

need the accurate image segmentation. It is also used to 

find out the number of objects in an image. A various 

segmentation techniques were developed and applied to 

medical images by the researchers in order to extract 

region of interest from the background. Medical images 

obtained from the Pap test are segmented into multiple 

objects by different segmentation techniques such as 

thresholding, Level set, Active contour, K-means, 

Watershed, and morphological operations. A survey of 

these methods carried out in this paper. 

Keywords: Cervical Cancer, Image Processing, Image 

Segmentation, Threshold, Active Contour, Level Set, 

Watershed. 

 

1. Introduction 

Cervical cancer is the cancer that starts in the cervix, the 

cervix is the lower part of the uterus. It’s sometimes 

called the uterine cervix, the part that connects the body 

of the uterus to the vagina. Cervical cancer is the second 

most common cancer found among worldwide and is 

most frequent in developing countries[2]. Approximately 

270,000 women die every year from cervical cancer. 

Over 80% of those deaths occur in developing countries. 

Cervical cancer is caused by HPV (or) Human Papilloma 

virus. Cervical cancer can be properly treated when it is 

diagnosed at an early stage through pap test. Cervical 

cancer images obtained by Pap smear test are 

preprocesses and segmented into its components such as 

background, cytoplasm and nucleus. For segmenting 

cervical images, various popular segmentation techniques 

which are still used by the researchers are Edge 

Detection, Threshold, Region based Methods and 

Watershed Transformation. 

 

 

 

 

 

 

 

 

Figure 1. Cervix Structure & its image 

Features of cervical images like nucleus-cytoplasm ratio, 

position of nucleus, compactness, luminance, perimeter, 

diameter of nucleus are used to find out the stage of 

cancer[11]. Human diagnosis is tedious, error-prone, 

fatigue, and expertise dependent. Diagnosis is unreliable 

due to presence of elements like blood stains, irregular 

smear thickness and variable staining intensity. This 

paper deals with the various segmentation techniques 

used in cervical cytology images. Different categories of 

image segmentation are briefly explained in section 2. A 

comparative analysis is done on section 4. Conclusion is 

given in the section 5. 

 

2. Different Categories of Image Segmentation 

  An image is divided into two types based on their 

color such as gray scale and color images [9]. 

Segmentation techniques used for color images are 

entirely different from gray scale images. The 

segmentation algorithm which is used in medical images 

should be robust & works well depends on the type of 

images being used[10]. The segmentation algorithms 

used in medical images are classified in to three types, 

i.e. Edge based segmentation, Pixel based segmentation, 

& Region based segmentation. Edge based segmentation 

is used to divide image on the basis of their edges. Pixel 

based segmentation is used to divide image on the basis 

of threshold value of pixel. Region based segmentation 

divide images based on some criterion such as intensity 

of color, gray level or texture. 
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Figure 2. Image Segmentation Techniques 

An image is a combination of pixels. Pixels of some 

region are homogeneous in intensity. Image segmentation 

is the procedure for extracting region of interest through 

an automatic or semi-automatic process. Cervical 

cytology images have three important parts: background, 

cytoplasm, and nucleus. These important components can 

be segmented using techniques such as pixel based, edge 

based or region based techniques.  

         TABLE I. DESCRIPTION OF NOTATION 

          Symbol             Description 

 

CAD Computer aided diagnosis 

ROI Region of interest 

ACM Active contour model 

LN Lymphocyte nuclei 

ω  

 

Weight 

I(i) Image pixel value at position 

(x,y) U Total number of pixels in image 

2σ  Variance 

ψ  Shape 

TP True Positive 

TPR True positive rate 

ER Error rate 

FCM Fuzzy c-means clustering 

GVF Gradient vector flow 

EN Epithelial nuclei 

T Threshold value 

E Energy or Force 

Ii Subset of image 

σ  Standard deviation 

FP False Positive 

SVM Support Vector Machine 

CN  Cancer nuclei 

I Image of size (m,n) 

N(i) Neighbors of pixel ‘i’ 

P Probability 

µ  Mean (average) 

φ  Level set 

ϖ  Contour 

Acc Accuracy 

PPV Positive predictive value 

FPR False positive rate 

OR Overlap ratio 

  

3. Segmentation Techniques Applied on Cervical 

Images 

 An image is a visual portrayal of something. 

Images can be grayscale or color. Any image can be 

expressed using a function f (x, y) which specifies the 

intensity value of the pixel at position (x, y). The value of 

f (x, y) at any point is given the pixel value at that point 

of an image.The cervical cytology image can be sketched 

as a matrix of intensity values of order m*n in the two 

dimensional space. A color image is represented as a 

matrix. Before applying segmentation techniques they 

must be converted into grayscale images.       

 

3.1 Intensity Thresholding 

Thresholding is one of the simplest & rapid segmentation 

method based on the intensity of pixels. They are applied 

directly into an image, but also can be merged with pre-, 

post-processing techniques. In Threshold based 

segmentation it does not require prior information of the 

image. It is cheap compared with others. The histogram 

of an image has different peaks & valleys which can 

divide the image into different segments. Threshold is a 

value in a histogram that partition intensities into two 

parts. The first part is the forepart having pixels with 

intensities greater than or equal to the threshold and 

second part is the background having pixels with 

intensities less than the threshold 

Image Segmentation Techniques 

Pixel Based Region Based Edge Based 

Intensity 

Threshold 
K-Means 

Region 

Growing 

Level 

Set 

Splitting & 

Merging 

Active 

Contou

Watershed 
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Figure 3. A Cervical 

Cytology Image and its Histogram 

Fig 3 shows the output of thresholding on a cervical 

cytology image. The cytoplasm and nucleus have 

intensities that differ greatly and consistently from the 

background. This segmentation technique is applied in 

early stages of cervical cell images. 

The thresholding segmentation method may be used as a 

primitive step in segmentation. This technique is very 

sensitive to noise, but it is very easy to implement and 

develop. It does not have a good result in MRI without 

preprocessing but it is effective, for CT images which 

have less noise. 

3.2 K-means Clustering 

Image segmentation is the division of an image into 

different groups. There are various methods and one of 

the most popular method is k-means clustering algorithm. 

K-means clustering algorithm is an unsupervised 

algorithm and it is used to extract the interest area from 

the background. In k-means clustering algorithm that the 

intensity of pixels form vector space and group them into 

cluster. In cervical image, the pixels are clustered around 

centroid µ i. It is simple and computationally faster than 

hierarchical clustering.  

The algorithm for k-means clustering is following as: 

1. Initialize number of cluster k and centre. 

2. For each pixel of an image, calculate the Euclidean 

distance d, between the center and each pixel of an 

image using the relation given below. 

 
3. Assign all the pixels to the nearest centre based on 

distance d. 

4. After all pixels have been assigned, recalculate new 

position of the centre using the relation given 

below. 

 

5. Repeat the process until it satisfies the tolerance or    

error value. 

6. Reshape the cluster pixels into image. 

                   

 

 

 

 

 

 

 

 

Figure 4. (a) Original Image, (b) Enhanced Image (c),(d) 

Output Image 

Fig 4 shows the output of K-means on a cervical cytology 

image .If preprocessing is not aptly done, then the noise 

will form additional clusters, or it may overlap with 

important parts of the cervical image[2]. With global 

cluster, it does not work well. 

 

3.3 Splitting & Merging 

As the name implies, it first splits the whole image into 

smaller images, in the second step it runs the region 

growing on those smaller images, and lastly it merges the 

results of the separate region growing. Initially the whole 

image which is taken as a single region is repeatedly split 

until no more splits are available. Then two regions are 

merged if they are adjacent & similar. 

The split and merge algorithm is as follows 

1. Splitting an image is done repeatedly until more 

splits are possible. 

2. Find the adjacent and similar regions. 

3. Merging the regions together until no more 

merging is possible.                                   

This algorithm can produce best output and accuracy of 

segmentation is good. The drawback is that regular 

division leads to over segmentation. This problem 

overcome by using normalized cuts.        

 

3.4 Region Growing 

For image segmentation region growing method is a well 

refined technique. In this technique adjacent pixels are 

inspected and added to region class if no edges are 

detected. This process is repeated for each pixel in the 

region. Based on some predefined constraints this 

technique extract image region. This is based on intensity 

information or edges in the image. An operator manually 

selects a seed point and extracts all pixels that are 

connected to the initial seed based on some predefined 
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criteria. Region growing has several advantages over 

conventional segmentation techniques. The concept is 

very simple. Region growing methods can correctly 

separate the regions that have the same properties. It is 

possible to choose multiple criteria at the same time. The 

disadvantage is that region growing can also be sensitive 

to noise, causing extracted region to have holes or even 

become disconnected. This problem can be removed 

using a homotopic region-growing algorithm.   

 

3.5 Watershed Segmentation 

This segmentation technique is applied on grayscale 

image. The term watershed refers to a ridge that divided 

areas drained by different river systems. A catchment 

basin is the geographical area draining into river. I finds 

catchment basins and watershed ridge lines in an image 

by considering it as surface where light pixels are in 

higher level and dark pixels are in low level. The 

watershed transformation is a powerful tool for image 

segmentation; it uses the region based approach & 

searches for pixel & region similarities. Fig 5 shows the 

output of active contour on a cervical cytology image 

 

 

 

 

 

 

Figure 5. Cervical and Segmented Image 

 

Unfortunately, most of the times the real watershed 

transform of the gradient present many catchment basins, 

each one corresponds to a minimum of the gradient that 

is produced by small variations, mainly due to noise. 

1.5 Active Contour & Level Set  Method 

 An aim of developing medical image 

segmentation in order to reduce doctors data examination 

and interpretation time. Active contour provides a means 

to detect boundaries of desired objects move accordingly 

to internal forces & external forces derived from image 

characteristics. There are two types of active contour 

models: the parametric model, such as snakes, and the 

geometric model, like the level set method. Active 

contours have been widely used for image segmentation 

and boundary tracking. Its an attractive image 

segmentation they always produce sub-regions with 

continuous boundaries. The basic idea is to start with 

initial boundary shapes represented in the form of closed 

curves, i.e. contours, and iteratively modify them by 

applying shrink/expansion operations according to the 

constraints of the image. These shrink/expansion 

operations called contour evolution are performed by the 

minimization of energy. Fig 4 shows the output of 

watershed transform on a cervical cytology image. 

 

Figure 6. A Cervical cytology image with Active 

Contour Segmentation 

 For segmenting a unique object from an initial 

contour the above segmentation technique is used. It is 

generally faster especially for single objects. For 

segmenting multiple objects in an image, level set 

method will be more efficient, since they usually care 

less about the initialization, and they can split 

automatically to detect more than one connected 

component.  

4. Comparative Analysis of  Segmentation Images 

Approach Advantages Disadvantages 

Intensity 

Threshold 

It was simple, fast, 

& better quality 

image without 

noise. It works well 

for the object and 

background that 

have the uniform 

brightness of 

distinct gray level 

values. 

It does not work 

well for images 

with multiple 

objects, each 

having distinct 

gray level value. 

Does not take into 

account the spatial 

characteristics of 

an image. It is 

very much 

sensitive to noise.  

 

K-means 

Clustering 

Efficient for single 

cell images. 

If there is no 

sameness in the 

intensity of image 

surface, fallacious 

segmentation 

occur. An initial 

value of centroid 

should be 

carefully selected . 

Region 

Growing 

It works well when 

the region 

homogeneity 

criterion is easy to 

define. 

There are chances 

of under 

segmentation & 

over segmentation 

of regions in the 

image and region 

may contain holes. 
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Watershed 

Transform 

It helps in isolating 

cells from a group. 

Over segmentation 

may cause the 

components to be 

divided into 

further parts. 

Active 

Contour 

It was very much 

useful for 

background 

removal. 

Positioning of 

initial contour is 

crucial in deciding 

segmentation 

results. 

 

Cervical cytology images can be segmented into 

background, cytoplasm and nucleus using various 

segmentation techniques. Features of cytoplasm & 

nucleus are used to decide the severity of cancer. 

5. Conclusion 

 This paper explains a various number of 

segmentation techniques applicable on cervical cytology 

images. Also various segmentation algorithms and their 

advantages and disadvantages in medical image analysis 

is presented. The segmentation techniques are 

categorized into three groups: Pixel Based, Region 

Based, and Edge Based Segmentation. Applying all the 

methods independently will not yield better results. The 

better segmentation can be achieved using hybrid 

techniques. The description of each method will help in 

selecting correct segmentation technique for respective 

image. A relevant segmentation technique can be selected 

based on different parameters such as the goal of study, 

image type, and image features.   Edge based and pixel 

based segmentation algorithms may be used as a 

preliminary process. Region bases algorithms can be used 

to get better results. Thresholding techniques help in 

detecting nuclei and cytoplasm boundaries in bi level 

images. The problem of watershed transform can be 

overcome by smoothing the gradient image with the help 

of spatial linear low pass filter. 
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