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5. Image Segmentation3 
mage segmentation is the process of separating and grouping similar pixels of an 

image to extract the desired Region of Interest (RoI) [119]. Segmentation is a 

necessary step in the traditional image processing curriculum. If accurately done, 

segmentation does not only help in identifying tumor location and size but also helps in 

formulating treatment strategies [120]. In chemotherapy or radiation treatment, often the 

non-cancerous cells adjacent to cancerous cells got damaged due to improper manual 

demarcation of tumors. Proper segmentation decreases the chance of damaging non-

cancerous cells by an exact delineation of the tumor. Thus, segmentation plays an 

important role both in automated tumor detection and in treatment strategy formulation. 

Such image segmentation comes in two flavors: implicit and explicit segmentation. In the 

orthodox machine learning process, explicit segmentation has to be done and manually 

crafted features have to be used for classification. The scenario has changed with the 

advent of advanced technologies such as deep learning, where implicit segmentation 

takes place followed by automatic feature generation.  

5.1 Segmentation Methods  

From the existing review of the literature [121], it has been observed that different 

existing segmentation techniques may be broadly categorized as thresholding based, 

region-based, boundary-based, stochastic & learning-based, and texture analysis based 

segmentation.  

5.1.1 Thresholding Based Segmentation 
Thresholding is a simple segmentation technique where all pixels of an image above a 

certain threshold value will be considered as foreground and the rest of the pixels are 

considered as background [122]. In this way, grayscale images become binary images 

and the Region of Interests are fetched. Thresholding comes in different varieties. The 

simplest form of thresholding is fixed thresholding. Here, all the values above a certain 

intensity level are added to a group. The rest of the values are considered background. 

The threshold value may be determined manually or as a result of earlier training and 

analysis. For example, a popular variety of PET is 18F-FDG. Here radioactive glucose is 

                                                           
3 Based on author’s publication no. 6 and 7 [Appendix D] 
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injected in the patient’s body and uptake values are measured through a PET scanner. For 

a malignant tumor, as the rate of cell division will be too high, the uptake values will also 

be high. In PET image segmentation often Standardized Uptake Value (SUVmax) is 

considered as the threshold value. Such manual threshold value may get affected by 

Partial Volume Effect (PVE), motion artifacts, or resolution related problems. To 

overcome these limitations, adaptive thresholding was proposed. In the case of adaptive 

thresholding, many image quality metrics are considered while selecting the threshold 

value. A few of the image quality parameters are Source-to-Background Ratio (SBR), 

Mean Intensity Value (MIV), etc. Unlike adaptive thresholding, iterative thresholding 

determines the optimal threshold value without any prior assumption of the volumetric 

metrics.  

5.1.2 Region-based Segmentation 
Region-based segmentation methods mainly use the homogeneity of the image intensities 

to determine the object boundaries. Two popular varieties of region-based segmentation 

are region grow and graph-based methods. In the region grow method, pixels connected 

to a user given seed region are either included or excluded based on the mean pixel 

intensities and standard deviations. In the graph-based method, both foreground and 

background based seeds are used to yield the segmentation outcome.  

5.1.3 Boundary-based Segmentation 
Boundary based methods do not use the statistics obtained from the image, instead, they 

identify the object boundaries. This is also known as deformable model-based 

segmentation [123]. These methods may be categorized in two varieties: active contour 

and gradient-based methods. While performing active contour, an initial contour is 

deformed around the desired Region of Interest (RoI) and gradually moves towards the 

edge of the intended object. In gradient or spectral based segmentation, gradient or the 

intensity difference is calculated between a voxel and its neighboring voxels. This 

process detects edges of the image as intensity difference will be high along the boundary 

of an image.  
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5.1.4 Stochastic and Learning-based Segmentation 
Stochastic methods use the statistical difference between uptake regions and adjacent 

cells. Similarly, the learning-based method use pattern recognition techniques to classify 

pixel data. One of the leading stochastic and learning-based models is mixture models 

[124]. In the Gaussian mixture model, it is assumed that any image may be approximated 

by the summation of Gaussian densities. Expectation-Maximization is an optimization 

technique by using which the Gaussian densities may be separated. Another popular 

method is the Fuzzy Locally Adaptive Bayesian (FLAB) segmentation technique. It is an 

unsupervised method having two hard tissue classes and a finite class of fuzzy 

membership levels. 

5.1.5 Texture Analysis-based Methods 
One of the notable segmentation techniques is based on the texture analysis of images. It 

follows two different approaches: Intensity Volume Histogram (IVH) and morphological 

feature-based method. There are six metrics used in the IVH method:  I10, I90, I10-90, 

V10, V90, and V10-90. Morphological features have two varieties: Geometrical Shape-

Based (GSB) and Gray Level Co-occurrence Matrix (GLCM) or texture-based. There are 

four shape-based features: eccentricity, Euler number, solidity, and extent. Texture 

features are also four in number: contrast, local homogeneity, energy, and entropy.  

5.2 Segmentation - a Comparative Study 
From the existing review of the literature [125], it has been observed that selection 

methods of segmentation techniques have been often done arbitrarily in contemporary 

research papers. A few researchers have tried to compare different segmentation 

techniques, but those studies are tumor-specific. Thus, there is a need to carry out a study 

to evaluate various major segmentation techniques for different kinds of tumors. 

5.2.1 Objective 
The objective of the present study is to benchmark the performance of prime 

segmentation techniques by applying different kinds of tumors found in different parts of 

the human body. 
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5.2.2 Methodology 
Six types of tumors, namely, Head & Neck, Kidney, Urinary Bladder, Lung, Thyroid, and 

Breast tumors are considered for the study. Data of 601 patients have been extracted from 

datasets Head-Neck Radiomics, TCGA-KIRP, TCGA-BLCA, TCGA-THCA, NSCLC 

Radiogenomics, and TCGA-BRCA, respectively. Twenty scans for each of the cases are 

used in the study. The image collection is non-uniform in terms of scanner modalities, 

subject demography, cancer stage, and treatment policy. The following segmentation 

techniques are used: Region Growing (region-based), Active Contour (deformable 

model-based), Watershed (gradient-based), Texture based (morphological) [126], and 

Fuzzy Clustering Means (learning-based) [127]. The accuracy of the segmentation result 

was measured by the Dice Similarity Coefficient (DSC): 

DSC (V1, V2) = 2*(|V1&V2|) / (|V1|+|V2|)         …Equation 5.2.2.1 

Where V1 is the segmented volume and V2 is the actual volume. DSC is the ratio of 

sensitivity (true positive rate) and specificity (true negative rate). Each segmentation 

algorithm is executed against all the data from each category of tumors and the average 

DSC value has been recorded subsequently. All the algorithms were implemented in 

Matlab R2015a [128].  

5.2.3 Result and Discussion 
All the algorithms have been codified and run with the selected imagery collection. 

Different segmentation techniques have revealed different results when applied to a 

particular type of tumor image set. A few algorithms have performed consistently, 

whereas a few algorithms have performed well in some particular cases. The performance 

was measured by considering the DSC score for the respective true and segmented 

volumes for all the images belonging to each type of tumor as generated by each 

segmentation method.  
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Figure 25: the result of the comparison of segmentation techniques 

From figure 25 it may be observed that all the segmentation techniques except the Region 

Growing method have done a pretty good job in segmenting Head & Neck tumors. 

Active Contour, Texture, and FCM methods have given good results for renal tumors. 

Texture, Watershed, and Active Contour methods have performed commendably for 

Prostate, Thyroid, and Lung tumors. For Breast Tumors, the results of Watershed and 

Texture techniques are quite promising.  
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Figure 26: Graphical comparison of DSC values (RG-.> Region Growing, AC-> Active Contour 

, WS->Watershed, Texture->Texture Analysis, FCM-> Fuzzy Clustering Means 
 

From Figure 26, it is evident that the texture-based segmentation technique has been a 

consistent performer for almost every type of tumor under consideration. It is also found 

that Active Contour and Watershed Segmentation techniques are useful in some cases. 

The performances of other techniques are not very consistent. Although in some cases a 

few techniques have done well, e.g. FCM is quite effective while segmenting Head & 

Neck or Renal tumors. In fine, it may be concluded that the texture genre of segmentation 

is quite handy as far as the automatic segmentation of tumors in the human body is 

concerned. 

5.3 Segmentation Strategy 
In the present research work, a holistic image segmentation strategy has been adopted. 

Often it is seen that the result of the segmentation is poor in resolution, or the alignment 

of the objects is not proper. Being a histogram oriented method, thresholding based 

segmentation often fumbles in providing the complete spatial significance of the 

candidate image. Region-based technique becomes inefficient when there is any 

anatomical defect, e.g., leakage in the boundary region of a tumor. Active contour often 

depends on the interactive demarcation of the tumor and the gradient-based approach 

may not work properly if the resolution of the image is not good. In such cases, 
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registration and reconstruction of the image may create more processing overheads. 

Based on the result of the comparative study, the current research work relies on the 

texture-based segmentation after preprocessing the target image set. 

5.3.1 RGB Image Thresholding 
The difference between grayscale and an RGB image lies in the number of colour 

channels present. A binary or a grayscale image is typically a single-channel image, 

whereas, an RGB image is a three-channel image. By turning off the second and third 

channel values, the red channel image is obtained. Subsequently, we may also obtain a 

grayscale image by using a red channel. This may turn out to be handy in image 

segmentation. The algorithm for RGB thresholding is as follows: 

Step 1: Visit every channel of the concerned image; 

Step 2: Store the channel value in a temporary variable; 

Step 3: Set all the pixel values to zero whenever they are less than the threshold value; 

Step 4: Store the value of the temporary variable in the original channel; 

 
Figure 27: PET Image True Color Segmentation and Reconstruction (Original Image, Red Channel Image, 

Red Channel Grayscale Image, RGB Thresholded Image of the original images 

 

5.3.2 Grayscale Image Thresholding 
It is a common practice to convert the image into a grayscale image having a standard 

size that is suitable for processing and causes less memory and processing overhead. If 

any algorithm is true for a [n X n] matrix, then it is also true for an [n X n X k] matrix. 

The image is then sharpened by using the histogram equalization method. After that, the 

Gaussian blurring technique is used to remove the noise present. Then comes a very 

important step called edge detection. This edge detection phase helps in segmentation by 

detecting the boundary region of the image. At last, the flood-filling operation is carried 



 
 

out to fill in the holes present in the image. The threshold value may be determined by 

using Otsu’s method [129

written as: 

O = (I>t) – (G) 

Where I is the input image, t is the threshold 

and O is the output image

Figure 28: PET Image Grayscale Segmentation (Original Image, 

Filtered Image, Edge Detection

Figure 

The features extracted 

present research work

exact tumor size and location and turn

rate of the tumor. Thus, such automated 

to overcome the difficulties of manual segmentation

easier when such tools help them as a supportive decision

5.4 Segmentation Workflow
In the present research work, 

converted to grayscale and

like blurring, sharpening, etc. as discussed in 

steps help in reducing
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the holes present in the image. The threshold value may be determined by 

129] or its improved version. The equation for thresholding may be 

       

image, t is the threshold limit and G is the grayscale equivalent of I

O is the output image. Here, I, t, and G are comprised of real values. 

: PET Image Grayscale Segmentation (Original Image, Grayscale Image, Enhanced Image, 

Filtered Image, Edge Detection, and Thresholded Image)

Figure 29: Extracted Features from Segmented PET Image

The features extracted from the segmented images (Figure 29) are quite useful for 

research work [130]. The extracted features may help in the determination of 

exact tumor size and location and turn, it will also help to detect the stage and the gro

rate of the tumor. Thus, such automated segmentation or reconstruction process may 

to overcome the difficulties of manual segmentation. The job of radiologists will be much 

easier when such tools help them as a supportive decision-making system.

5.4 Segmentation Workflow 
In the present research work, segmentation has been a manifold activity. First images are

converted to grayscale and resized to [256X256] and then fine-tuned by following steps 

like blurring, sharpening, etc. as discussed in the preceding section. These pre

ing the memory load-related overheads while conducting succeeding 

the holes present in the image. The threshold value may be determined by 

n for thresholding may be 

 …Equation 5.3.2.1 

and G is the grayscale equivalent of I, 

real values.  
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experiments. While segmenting images, first the threshold value has been determined by 

following Otsu’s histogram equalizing method

 

Figure 

It has been observed that segmentation done by using Otsu’s method is much effective 

than segmentation done by using any arbitrary threshold value

Figure 31: Original DICOM image of 

As threshold-based segmentation faces problem

anatomical structure of the tumor, the present research work first determines the 
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While segmenting images, first the threshold value has been determined by 

following Otsu’s histogram equalizing method (Figure 30).  

Figure 30: Normal grayscale image and histogram equalized image

It has been observed that segmentation done by using Otsu’s method is much effective 

than segmentation done by using any arbitrary threshold value (Figure 31)

: Original DICOM image of the tumor and segmented tumor image

based segmentation faces problems when there is a deformity in the 

anatomical structure of the tumor, the present research work first determines the 

While segmenting images, first the threshold value has been determined by 

Normal grayscale image and histogram equalized image 

It has been observed that segmentation done by using Otsu’s method is much effective 

(Figure 31).  

 

tumor image 

when there is a deformity in the 

anatomical structure of the tumor, the present research work first determines the 
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threshold value by Otsu’s method and then adopts a texture-based segmentation method. 

The algorithm is as follows: 

Step 1: convert image to binary 

Step 2: convert numeric to logical 

Step 3: fetch region properties 

Step 4: store region properties separately 

Step 5: calculate and store area 

Step 6: select density > threshold value 

Step 7: store area having a maximum selected density 

Step 8: store tumor class having an area equal to the area with max density; 

Step 9: group tumor pixels where tumor label is equal to stored tumor class 

Step 10: create a structuring element 

Step 11: dilated to recover original dimensions 

Step 12: show image of type array 

 

Figure 32: Sample base image and its texture-based segmentation (magnified version) 

5.5 Conclusion 
In this chapter, the process followed for image segmentation has been described in detail. 

Different categories of segmentation techniques have been described. A comparative 

study has also been conducted to find out the best possible technique for the problem at 

hand. An overall segmentation strategy has also been formulated. This includes different 

pre-processing steps, procedures for threshold value calculation, and final segmentation 

technique. Proper segmentation makes feature extraction easier by depicting a specific 

Region of Interest (RoI).  


