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Soft computing methodologies have gained increasing attention over the past years due to their suitability for 

problem solving in the processing and evaluation of medical data. The processing of medical data includes 

two major processes called as segmentation and classification. Image segmentation divides an image into 

discrete provinces containing pieces of pixels with analogous attributes. To be expressive and useful for 

image analysis and interpretation, the regions should strongly relate to depicted objects or features of 

interest..  

Image segmentation techniques are normally used for volumetric analysis of abnormalities in medical images 

and classification techniques are used for identification of the nature of disease.  

In both cases, the accuracy and convergence rate of the methodologies used must be significantly positive. 

Hence, soft computing techniques are widely preferred for such applications. 

In this paper we discussed various medical imaging segmentation methods and presents a short review of 

soft computing approaches such as fuzzy logic, artificial neural network, genetic algorithm, machine learning, 

and deep learning. We also studied and compared each approach using certain parameter for evaluation. 

Finally, based on comparative analysis, the possible research strategies for further development are 

proposed.  
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I. INTRODUCTION 

 Soft computing plays a major role in the recent 

advances in medical imaging. It handles 

uncertainties and improves the qualities of an 

image. The application area of image segmentation 

has been extended to almost all fields like, video 

surveillance, finger print recognition, satellite 

communication, medical diagnosis, artificial eye, 

robotic vision and crop disease detection.  

 Image segmentation is the procedure of 

subdividing image into subsequent parts or objects. 

These objects are further utilized in image 

processing and image analysis. Each of these parts 

is made up of set of pixels. Especially, the 

segmentation of magnetic resonance (MR) images 

with a high soft tissue contrast is in focus of 

investigations due to its usefulness in evaluation[1]. 

An  efficient image segmentation process is a major 

factor for a successful image analysis. Researchers 

have been working to develop an automatic state-of 

the-art process of image segmentation to coordinate 

with high-level machine-based image analysis. 

Through the increased availability and usage of 

modern medical imaging like Magnetic Resonance 

Imaging (MRI) or Computed Tomography (CT), the 

need for automated processing of scanned imaging 

data is quite strong [2] 
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Still today the manual segmentation done by 

medical doctors which is a tedious task as well as 

lead to human error and bias in results. Accurate 

segmentation is very necessary for medical images 

for better treatment planning. The inaccurate 

segmentation results are unable to meet the actual 

clinical requirements. Aiming at the above 

problems, a comprehensive review of current 

medical image segmentation methods are discussed 

and provided to help researchers solve existing 

problems.  

 Extracting information from a digital image for 

further analysis and decision making is 

accomplished by means of image segmentation 

(John C Russ). In the fundamentals of image 

segmentation pixels with in similar gray scale and 

category are linked in a region (Gonzalez Rafael 

2011). Edge based method, thresholding and region 

based methods are the fundamental concepts in 

image segmentation (Brink 1992). 

 

2. Different Soft Computing Techniques in 

Image Segmentation 

 Image segmentation is a method in which a digital 

image is broken down into various subgroups 

called Image segments which helps in reducing the 

complexity of the image to make further processing 

or analysis of the image simpler. Segmentation in 

easy words is assigning labels to pixels. All picture 

elements or pixels belonging to the same category 

have a common label assigned to them. For 

example: Let’s take a problem where the picture has 

to be provided as input for object detection. Rather 

than processing the whole image, the detector can 

be inputted with a region selected by a segmentation 

algorithm.  

 

In this chapter, the methods of few soft computing 

techniques such as Genetic Algorithm, Ant Colony 

Optimization, Neural Networks,  K-means and 

Support Vector Machine (SVM)[3] for image 

segmentation and classification are explored. Brain 

image database and Retinal image database are 

used in these experiments. The approaches are 

analyzed in terms of some performance measures 

and found to be more suitable for medical 

application 

Approaches in Image Segmentation 

a. Similarity approach: This approach is based 

on detecting similarity between image pixels to 

form a segment, based on a threshold. ML 

algorithms like clustering are based on this 

type of approach to segment an image. 

b. Discontinuity approach: This approach relies 

on the discontinuity of pixel intensity values of 

the image. Line, Point, and Edge Detection 

techniques use this type of approach for 

obtaining intermediate segmentation results 

which can be later processed to obtain the final 

segmented image. 

Image Segmentation Techniques 

2.1 Threshold Based Segmentation 

2.2. Edge Based Segmentation 

2.3. Region-Based Segmentation 

2.4. Clustering Based Segmentation 

2.5. Artificial Neural Network Based 

Segmentation 

2.1. Threshold Based Segmentation 

 

Image segmentation is a mandatory process in 

image processing to extract useful information from 

a digital image. Millions of methods are available for 

image segmentation. Out of these, the traditional 

and simple method is Threshold Segmentation. It 

divides the image into two regions foreground and 

background with respect to intensity value of pixels 

referring to a threshold value. The prime task in 

thresholding is fixing the threshold value. Image 

segmentation locates objects and boundaries. 

Based on colour, texture and intensity, pixels in an 

image are categorized(4).  

 

Fig: 1: Original image  
 

  

Fig: 2: Threshold Segmentation image  
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2.2. Edge Based Segmentation 

Edge-based segmentation relies on edges found in 

an image using various edge detection operators. 

These edges mark image locations of discontinuity 

in gray levels, color, texture, etc. When we move 

from one region to another, the gray level may 

change. So if we can find that discontinuity, we can 

find that edge[5]. A variety of edge detection 

operators are available but the resulting image is an 

intermediate segmentation result and should not be 

confused with the final segmented image 

Fig:3. Edge Based Segmentation Image 

 

2.3. Region based segmentation 

The region-based segmentation method looks for 

similarities between adjacent pixels. That is, pixels 

that possess similar attributes are grouped into 

unique regions. As with all segmentation 

techniques, using gray-level intensity is the most 

common means of assigning similarity, but other 

possibilities exist, such as variance, color, and 

multispectral features. The criteria for homogeneity 

is most of the time gray level of pixels and this 

criteria can be specified by following conditions[6] 

R1∪.R2∪.R3∪....∪.Ri=I 

where R1, R2, R3, …Ri are the region in the 

image I, 

and further, R1∩R2∩R3∩...∩Ri=0 

This is as per the set theory of homogeneity 

Region-Based techniques are further classified into 

2 types based on the approaches they follow. 

 

2.3.1. Region growing method 

Region-growing techniques cluster the pixels 

that represent homogeneous areas in an image. 

Regions are grown by grouping adjacent pixels 

whose properties, such as intensity, differ by less 

than some specified amount. Each grown region is 

assigned a unique integer label in the output 

image. This class of algorithms tends to work well 

for difficult imagery, as it is adaptive and less 

susceptible to the effects of partial occlusion, 

adjacency, noise, and ambiguous boundaries. 

In its simplest form, the region-grown 

operator performs connected-components analysis 

on gray-scale pixel values. At each pixel in an 

image, neighboring pixels are compared to a 

reference pixel value for the region. If the difference 

is less than or equal to the Difference Threshold, 

the neighboring pixel is added to the current 

region. In other words, for every pixel p(i) in a 

region, there exists another pixel p(j) in the region 

such that[7] 

abs (I[p(i)]) - I[p(j)] < Threshold 

This algorithm works well with multiband 

data such as for color images. If there are multiple 

input images (I1...In), the threshold criteria must 

hold for all input images 

(abs (I1[p(i)] - I1[p(j)]) < Threshold) && (abs 

(In[p(i)] - In[p(j)]) < Threshold) 

The concept can be defined as a 

four-connected pixel neighborhood, whereby only 

the north, south, east, and west neighbors are 

considered for growing the region. 

It can also be defined as an eight-connected 

pixel neighborhood, in which the NW, NE, SW, and 

SE neighbors are additionally incorporated for 

growing the region. 

The region-growing algorithm can also be 

made more adaptive to the data by modifying the 

threshold dynamically according to the mean and 

standard deviations of the region as it is being 

grown. One method of making the threshold adapt 

to the local data is 

(1 - minimum(limit, standard 

deviation/mean)) *Threshold 

Therefore, the adaptive threshold will never 

be larger than the value of the Parameter 

Threshold, but can be much smaller. The value 

given to the limit parameter controls the range of 

addictiveness. Using the adaptive threshold can 

help prevent bleeding across wide image gradients. 
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2.3.2. Region splitting and merging method 

In Region splitting, the whole image is first taken as 

a single region. If the region does not follow the 

predefined rules, then it is further divided into 

multiple regions (usually 4 quadrants) and then the 

predefined rules are carried out on those regions in 

order to decide whether to further subdivide or to 

classify that as a region. The following process 

continues till there is no further division of regions 

required i.e every region follows the predefined 

rules[8]. In Region merging technique, we consider 

every pixel as an individual region. We select a 

region as the seed region to check if adjacent regions 

are similar based on predefined rules. If they are 

similar, we merge them into a single region and 

move ahead in order to build the segmented regions 

of the whole image. Both region splitting and region 

merging are iterative processes. Usually, first region 

splitting is done on an image so as to split an image 

into maximum regions, and then these regions are 

merged in order to form a good segmented image of 

the original image 

 

2.5. Cluster Based Segmentation 

 

In recent years various clustering algorithms are 

used for image segmentation called as 

unsupervised methods. Fuzzy classification is used 

for colour image segmentation. In this study, 

segmentation process is done by using three 

different clustering algorithms namely as K-means, 

Fuzzy C-means and Superpixels algorithm. 

Basically, the clustered images are converted into 

colored images for viewing the ROI as colored 

images formed of three basic color components that 

is red, green and blue (RGB). Each clustered ROI is 

determined by the combination of these color and 

their intensities properties. Therefore, the 

segmented region can be seen clearly with the 

different color regions 

 

2.5.1 K-Means Clustering K-means (KM) algorithm 

is a clustering technique that performed to segment 

and classifies images into different classes of 

pixels[9]. The easiest and efficient KM algorithm is 

an unsupervised learning algorithm that have been 

develop with less computational and complexity. 

The number of clusters can be decided by user 

makes this technique become very suitable to use. 

The algorithm works by measuring the distance of 

initialize points and clustering data based on 

distance. By using normalization techniques for the 

selection of initial cluster, the numbers of iteration 

can be reduced [13]. The chosen initial value of 

clustering centers is based on closest intensities. 

Hence, the system become more efficient and less 

processing time [10]. The mathematical equation of 

KM algorithm is given by Equation (1). (𝑣) = ∑ 𝑎 𝑘 𝑗=1 

∑ ‖𝑥ᵢ −𝑣𝑗‖ 𝑛 𝑖=1 2      (1)  

 

Given that, n is the number of cluster center, k is 

the number of data points and ‖xᵢ −vj‖ 2 is Euclidean 

distance between each pixel to centers. Generally, 

the number of clusters is defined by user and the 

centroid values are set randomly. The algorithm 

performed by iteration to minimize the centroids 

distance between points. Every iteration assigned 

the new location of points to nearest cluster 

centroid. The operation is recalculated until there 

are no value changes  

 

Fuzzy C-Means clustering Fuzzy C-means (FCM) 

clustering is one of segmentation technique used for 

analysis of data and information. The concept of 

this algorithm is classified the membership that 

allow one piece of data to belong to two or more 

clusters[11]. Basically, the algorithm of KM and 

FCM operation are slightly similar of each other as 

the uses of Euclidean distance for the 

measurement. On the other hand, FCM algorithm 

perform by classified membership to each of the 

data point based on each cluster center. The 

nearest data to the cluster center assigns the data 

more on the particular cluster center. The degree of 

membership is calculated by using the given 

Equation (2)  

𝜇𝑖𝑗 = 1 ∑ (𝑑𝑖𝑗⁄𝑑𝑖𝑘) ( 2 𝑐 𝑚−1) 𝑘=1         (2)  

where c is cluster center, k is the iteration step and 

µij membership of i th data and j th cluster center. 

The algorithm works by assigning membership to 

every of each data according to their cluster. At 

first, the cluster centers, c is select randomly. Then, 

the fuzzy membership is calculated using Equation 

2.  

The fuzzy centers, Vj is updated by performing 

Equation (3) where 𝑉𝑗 = 1,2, … . . 𝑐. 𝑉𝑗 = (∑ (𝜇𝑖𝑗) 𝑛 𝑚 

𝑖=1 𝑥𝑖)/(∑ (𝜇𝑖𝑗) 𝑛 𝑚 𝑖=1 ) (3) Fuzzy segmentation 

benefits user as it keep more data from the original 

image compare to hard segmentation[12]. The FCM 

able to detect the roughly shape by using the 

Euclidean distance 

 

Manually developed fuzzy rules are applied for this 

fuzzy classification[10] By modeling swarm 

behaviours and obtaining the region of interest is 

made possible. Early researchers used k-means 

clustering algorithm to find the local optimum 

solution and the solution is improved by particle 
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swarm optimization[11]. In machine learning and 

data mining applications fuzzy c means plays a vital 

role. It is evident that a wide range of algorithms are 

available for image segmentation depending on the 

application. Out of that it is essential to suggest a 

best method for general applications. 

 

The analysis of medical image is directly based on 

four steps: 1) image filtering, 2) segmentation, 3) 

feature extraction, and 4) analysis of extracted 

features by pattern recognition system or classifier.  

 

 
 

Fig.4. Cluster Based Segmentation using k-means 

 

5. Artificial Neural Network Based Segmentation 

 

An artificial neural network is a scheme based on 

the process of biological nervous system. It 

resembles the functioning of our human mind. 

These systems are information dispensation model 

and are motivated by the way, the human 

intelligence works. The basic processing elements of 

neural networks are called artificial neurons [11] or 

simply neurons. Neurons may share some 

properties of biological neural networks. It is an 

adaptive system that changes its configuration 

based on internal or external information that flows 

from end to end through the system. Learning in 

genetic or biological system involves alternation in 

synaptic relations that exists among neurons. This 

is exact used for ANN as well. They are dominant 

tools for modeling particularly when the original 

data relationship is not recognized. ANN can learn 

by examples. After training, they can be used to 

forecast the outcome of new independent input data 

 

 
Fig.5. Artificial Neural Network. 

 

Types Of Learning In Ann Learning is the part and 

parcel property of ANN. There are three types of 

learning in ANN.  

They are supervised learning, unsupervised 

learning and reinforced learning.  

 

Supervised learning: -  

This type of learning is based on error between 

output and input data. A teacher or supervisor is 

offered during learning process and offered 

projected output. Training is done on each and 

every input pattern. Learning process is based on 

comparison between expected output and obtained 

output. The error generated is used to adjust 

network parameters that results better and 

improved output. Global information should be 
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there to accomplish supervised learning. This 

method of learning is offline as its learning period 

and operation period are different. Least mean 

square and back propagation networks are 

examples of supervised learning.  

 

Unsupervised learning: - In this type no teacher is 

presented to teach to the network. Unsupervised 

learning is very complex and difficult to implement 

[13]. The desired outcome is not presented to the 

network. The system learns of its own by 

discovering and adapting to the structural features 

in the input sample of data. It is based only on the 

local information. A neural network is said to learn 

online if it learns and operates at same time. This 

type of learning is online and hence used in our 

approach. Examples of this learning are Hebbian 

learning and competitive learning. 

 

Reinforced learning: - This type of learning is 

output based learning. Although a teacher existed 

during the procedure but, the teacher is not going 

to present the actual output. The teacher only 

indicated whether the output is correct or incorrect. 

A reward is given for each correct answer and a 

penalty is applied for each wrong response. It is 

least used type of learning method in ANN. 

 

Summary of Image Segmentation Techniques 

 

I have summarized the different image 

segmentation algorithms in the below table.. I 

suggest keeping this handy next time you’re 

working on an image segmentation challenge or 

problem!

 

Algorithm Description Advantages Limitations 

Threshold 

based 

Segmentation 

Achieve the threshold 

based on peak and 

valleys in the histogram 

of images with 

corresponds to regions 

Works well in low 

computation complexity 

in most of the images 

simplicity of threshold 

calculation 

Does not work for  

closed color images 

Region-Based 

Segmentation 

Separates the objects 

into different regions 

based on some threshold 

value(s). 

a. Simple calculations 

b. Fast operation 

speedc. When the object 

and background have 

high contrast, this 

method performs really 

well 

When there is no 

significant grayscale 

difference or an 

overlap of the 

grayscale pixel 

values, it becomes 

very difficult to get 

accurate segments. 

Edge 

Detection 

Segmentation 

Makes use of 

discontinuous local 

features of an image to 

detect edges and hence 

define a boundary of the 

object. 

It is good for images 

having better contrast 

between objects. 

Not suitable when 

there are too many 

edges in the image 

and if there is less 

contrast between 

objects. 

Segmentation 

based on 

Clustering 

Divides the pixels of the 

image into homogeneous 

clusters. 

Works really well on 

small datasets and 

generates excellent 

clusters. 

a. Computation time 

is too large and 

expensive. 

b. k-means is a 

distance-based 

algorithm. It is not 

suitable for clustering 

non-convex clusters. 

ANN Gives three outputs for 

each object in the image: 

its class, bounding box 

coordinates, and object 

mask 

a. Simple, flexible and 

general approach 

b. It is also the current 

state-of-the-art for 

image segmentation 

High training time 

 



 

 
175    International Journal for Modern Trends in Science and Technology 

 

 

C.N Ravi and Dr Ashutosh Verma : A Study of Medical Image Segmentation using Soft Computing Techniques 

6. Conclusion 

Future research in the segmentation of 

medical images will strive toward improving the 

accuracy, precision, and computational speed of 

segmentation methods, as well as reducing the 

amount of manual interaction. Accuracy and 

precision can be improved by incorporating prior 

information from atlases and by combining discrete 

and continuous spatial-domain segmentation 

methods. For increasing computational efficiency, 

multiscale processing and parallelizable methods 

such as neural networks are promising approaches. 

Computational efficiency will be particularly 

important in real-time processing applications. 
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