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Summary 
Prostate cancer is one of the most diagnosed malignancies found 
across the world today. American cancer society in recent research 
predicted that over 174,600 new prostate cancer cases found and 
nearly 31,620 death cases recorded. Researchers are developing 
modest and accurate methodologies to detect and diagnose 
prostate cancer. Recent work has been done in radiology to detect 
prostate tumors using ultrasound imaging and resonance imaging 
techniques. Transrectal ultrasound and Magnetic resonance 
images of the prostate gland help in the detection of cancer in the 
prostate gland. The proposed paper is based on comparison and 
analysis between two novel image segmentation approaches.  Seed 
region growing and cluster based image segmentation is used to 
extract the region from trans-rectal ultrasound prostate and MR 
prostate images. The region of extraction represents the 
abnormality area that presents in men’s prostate gland. Detection 
of such abnormalities in the prostate gland helps in the 
identification and treatment of prostate cancer 
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1. Introduction 

The prostate gland is found in men’s reproductive 
system. The function of this prostate gland is to support 
secreting the seminal fluid with the help of prostate muscles 
[1][2]. Prostate cancer forms in the prostate gland when 
abnormal cells grow faster than normal prostate causing the 
formation of a malignant tumour. Detection of cancer cells 
in the prostate gland can be done using a PSA test, Biopsy 
and digital rectum examination. The symptoms of prostate 
cancer are symptoms such as prostatitis cancer, pain in the 
pelvic, pain and difficulties while urination, hematospermia 
and men’s infertility.  
      In India, prostate cancer cases rising rapidly. This 
becomes top ten among the cancer symptoms found in 
Indians. As per PBRCs and Globocon’s data, in 2018 new 
25,693 cases found with 17,184 death cases. This cancer 
symptom covers all regions of India. It’s predicted that the 

prostate cancer patients’ cases will be doubled by the year 
2020. 
      Detection, observation and treatment of prostate cancer 
were made using analysis of prostate gland that is produced 
using trans rectal images and magnetic resonance images. 
These images are called TRUS prostate and MR prostate 
images. 
      Segmentation is a computerized process of 
decomposing the image into sub regions that homogeneous 
in terms of an image characteristic. Homogeneous referred 
to as images with similar characteristics like features, 
intensity, etc. Segmentation can be studied as a pixel 
classification that results in the grouping of pixels 
that belongs to the same region with the same label. There 
are various methodologies to perform image segmentation 
namely region based, contour based, Threshold, and 
boundary based image segmentation. 
      Trans rectal imaging procedure alternatively referred to 
as prostate sonogram or endo-rectal ultrasound. The main 
use of the endo-rectal ultrasound procedure is to generate 
men’s prostate gland to detect and diagnose [1]-[4]. Trans-
rectal ultrasonography becomes a rapid growing, portable, 
efficient and low cost image modality technique. 
Detection of prostate tumour using magnetic field based 
resonance imaging can be performed by DCEMR imaging 
temporal method.  
      Automatic and manual segmentation is two modes for 
performing image segmentation using mentioned 
methodologies. In manual segmentation mode, one needs to 
select the area where segmentation is to perform. Whereas 
automatic segmentation takes care of initialization and 
started performing segmentation. 
   Region oriented image segmentation methodology 
consists of two main processes namely region splitting and 
region merging [7]-[10]. These are an iterative process 
where image splitting divides an image into various regions 
that may satisfy the condition of homogeneity. Region 
merging is an opposite process in these homogeneous 
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regions are allowed to merge to get desired image 
segmentation.  
      Cluster based unsupervised image segmentation 
converts a distinct set of data elements into a group of data 
that are homogeneous and exhibit similar characteristics. K-
means cluster techniques groups the data elements by 
computing the distance between similar data points and 
centroids of each cluster.  
  
 
2. Theoretical Consideration 
 
There are two commonly used imaging platforms to 
produce prostate gland images that are trans rectal prostate 
imaging and MR prostate imaging. These platforms differ 
in there working principle and methodologies.   
      In MR imaging, principle of the electromagnetic field is 
used. The images of the prostate gland are produced by 
exposing the body to a strong electromagnetic field. The 
quality of images produces are of high resolution and are 
easy to understand. In trans rectal imaging procedure, the 
principle of the sonar system is used to collect the prostate 
gland images.   
      Detection of prostate cancer, observation and diagnosis 
is made by analyzing the prostate images using guided 
biopsy. Due to limited biopsy samples availability and low 
resolution, TRUS leads to inaccuracy and affects the 
treatment duration and diagnosis for a prostate cancer 
patient. Prostate cancer detection can be predicted using 
MR prostate imaging due to its high resolution. 
 
2.1 Region of Interest Extraction  
  
Extraction of the specific prostate region is called a region 
of interest. The extraction helps in calculating the shape and 
size of a tumour present in the prostate image. This can help 
the radiologist to identify the regions which are required 
examination medically. 
      In prostate TRUS imaging, the objective of extraction 
of the region of interest is to find the region present in the 
prostate which is likely to have prostate cancer. The region 
obtained should contain the region marked by experts 
 
2.2 Region Growing Technique 
  
Seeded region growing is an image segmentation technique. 
The seeding is used to start the process of segmentation. The 
seeding point may be automatic or manual. The main 
working principle of seed region growing is that the process 
starts using a single image’s pixel and it continuously grows 
a region.  
     Region growing based image segmentation is used to 
extract the region from trans-rectal ultrasound prostate and 
MR prostate images. 

 

 

 
  

Fig. 1 Trans rectal ultrasound prostate image 

 

 
 

Fig. 2 Magnetic resonance prostate image 
 

      The region is the segmented area extracted from an 
image. This process includes all nearby pixels of images 
that shows homogeneity with starting a single image’s 
pixel.   
      Vinicius R.P. Borges, Maria Cristing F. de Oliveira 
proposed region growing based Image segmentation for 2D 
microscopy digital images [7]. Microalgae images have 
been used for this purpose. The microalgae images are 
called microphytes or microscopic algae. The proposed 
paper shows the morphological feature extraction based on 
manual seed selection region growing provides efficient 
results in generating features than the conventional level set 
image segmentation.   
      Erwin, Saparudin in paper proposed performance 
analysis of seed point based region growing method [8]. 
Comparison is with image thresholding. Segmentation is 
done for Berkeley segmentation database (BSDS). The 
author concluded that the region growing segmentation 
procedure results in clear and more accurate boundaries 
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detection than the thresholding technique implemented for 
the same objective.   
      I. Grinias, and Y. Mavrikakis published a paper on 
automatic seed region growing and clustering based 
segmentation process [9]. In this paper, an automatic 
segmentation technique is implemented using K-means 
clustering.  
  
2.3 Region Growing Modelling 
  
The seeded region growing requires seed points. The seed 
point is chosen to collect at least one image feature. It 
computes Euclidean distance between similar pixels and 
aggregating to create a segmented area that consists of a 
similar pixel group. The procedure for the extraction of 
Region of interest  
 

 
 

Fig. 3 Region split process 

 

 
Fig. 4 Selection of seed point in image 

 
Fig. 5 Region growing process 

 
using seed Region growing image segmentation can be 
given as follows: 

1)  Firstly, an input image is converted into the binary image 
array 

2)  Select the seeding point whose pixel is similar to pixel 
present nearest to seed pixel and it is denoted as s(p) 
and it is set to 1. The Euclidian distance between the 
two similar pixels is given by  

 

                  𝜎 𝑃, 𝑐
∑

| |
                    (1) 

                                                
      Where |W(p)| is the cardinality of a window W(p), C is 

the selected area to which pixel point p is assigned, 
using this we obtain homogeneous regions 

 
3)    The binary array is recalculated to extract the M distinct 

region that results from a seed point s(p)=1  
4)    Using the help of seed point, different small regions are 

generated. These regions are consumed by region 
growing 

5)   The small regions denoted by generated from the seed 
point extraction are expanded with the help of region 
growing algorithm 

6)    This small region has a pixel set used for the estimation 
of features of segmentation. The pixels are having 
similar features 

7)    For the dissimilar pixels which are adjacent to the small 
regions is referred to as unlabeled image pixel.  

8)   The region growing consists of the splitting and merging 
process. This process divides an image into uniform 
Regions The splitting process divides an input image 
into a number of small regions generated using manual 
seeding. The process of spitting continues till no further 
split occurs. The reverse process of image split to 
generate an extracted region Homogeneity defines 
uniformity in the splitting process. 

 
 

Fig. 6 Region growing and merging algorithm 
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For grey level images, a statistical homogeneous region is 
defined when the standard deviation of intensity is lesser 
than a threshold value. The standard deviation is given as  
 

                          𝜎 𝑥 𝑥                         (2) 

 
Algorithm for Region Split and region merge is given in 
fig.6 
 
2.4 Unsupervised cluster based image segmentation 
  
K-means is an unsupervised partitioned based cluster 
method to divide a dataset into a specified number of groups. 
In this k-means cluster method, partitioning exhibits for the 
collection of data into k data clusters. It provides a 
classification for the image’s pixel data set into k number of 
adjacent clusters.   
      Unsupervised K-means consists of two modes. In the 
first mode, it performs the computation of the k centroid and 
in the second mode it takes every image pixel to the cluster 
which is the nearest centroid from the respective data set.   
      In image processing Euclidean distance is the most 
commonly used feature calculation characteristic in 
performing segmentation using cluster technique. Once the 
clustering is done it recomputed a new centroid for each 
cluster. The new centroid, Euclidean distance is recalculated 
between every centre of the cluster and every pixel data. K-
means clustering performs iteration that minimizes the 
distances from each region to its cluster. 
      Md. Khalid Imam Rahmani, Naina Pal, Kamiya Arora, 
proposed a clustering based image segmentation based on 
k-means and using a fuzzy system [11]. A cluster process is 
used to find similar image areas present inside an image. 
The criteria for clustering are image features such as texture, 
shape and colour. This technique provides better 
segmentation.  
      Nameirakpam Dhanachandra, Yambem Jina Chanu, 
proposed k-means image segmentation with local histogram 
equalization for improving the quality of images for varying 
image size [21]. The purpose of local histogram 
equalization is to improve the image and improved image is 
applied to k-means segmentation. The author concluded 
that using the combination of histogram equalization and k-
means cluster based technique results in a better quality of 
the image segmentation for the bigger size of images. 
      Dibya Jyoti Bora presented a clustering based image 
segmentation process. The technique of clustering allowed 
working on color space for this task [22]. The performance 
is depending on choosing a proper distance measure; the 
cosine distance measure is done. The segmented image is 
filtered using a Sobel filter. The filtered image is applied to 
a watershed algorithm to have the final segmented result for 
an input image. The performance for the proposed 
technique is evaluated using MSE and PSNR values.  

      There is a divisible clustering technique where the 
complete data set is converted into a cluster. This cluster 
then recursively splits to get efficient clustering. The 
clustering technique also has an agglomerative cluster 
method in which each data item recorded as a cluster. The 
k-means is a simple pixel cluster technique that has k 
clusters. It is an iterative process. These clusters are having 
individual centers. Consider the centre of the cluster as ci 
and feature vector xi. The cluster data generated by k-means 
cluster is given by an objective function.  
 
Φ cluster, data       

                ∑ ∑ 𝑥 𝑐 𝑥 𝑐        (3 )                      
 
      The new cluster can be defined easily using k-means 
segmentation. A k-means cluster based algorithm used for 
the extraction of a class of data set with known cluster 
centre. It is basically to cluster N data points with M 
dimensional feature space into clusters. 
 
3. Experimental Consideration  
 

This Research was conducted with images acquired 
with the approval of the Institutional Ethics Committee and 
with the informed consent of all subjects. The experiments 
were conducted on a Windows desktop with an Intel i5 CPU 
(3.4 GHz). The user interface was developed in MATLAB.  
      Axil T2-weighted MR images were obtained using a 
whole-body 1.5T GE Medical Systems (Singna HDxt) at an 
image size of 512 x 512. The 2-D TRUS images were 
acquired using Philips Medical Systems with CURVED 
LINEAR transducer probe. The 2-D TRUS image size was 
600 x 800. TRUS and MR image database contained 400 
images each. 
      The implementation of prostate cancer image extraction 
consists of two separate techniques. The process of region 
extraction is done by region growing and k-means 
clustering. These techniques are used for segmentation for 
TRUS prostate and MR prostate images 
 
3.1 Seed Guided Region Growing Process 

 
The seeding region growing has region split and region 

merge process. The split rapidly divides an input image into 
small homogeneous regions.  
Split Phase: - A spilt phase provides the generation of a 
quadtree structure where nodes at each level result in the 
split of images into homogeneous sub images with regular 
interval size. The set of small regions in the equal and 
regular structure created by the Split process will be the set 
of input regions for the Merge phase.  
Merge Phase: - In the region merge process, nearby small 
regions generated by Image split. The iteration process 
helps in merge the small regions generated by the split in 
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order to build a large image. The process of merging will 
continue till no more merges are possible. 
 
 

 
 

Fig. 7 K- Mean clustering algorithm 

 
 
3.2 Unsupervised K-means Clustering 
  
The clustering process is implemented as follows: 
1)  MR prostate and TRUS images are applied to noise, 

removal to obtain better extraction and segmentation. 
Noise has to be minimized and image for further 
Processing   

2) Selection of centroid at the start for performing 
computation and iteration the k-means cluster process 
works on computation of Euclidean distances between 
the data sets of distinct classes created by defining 
clusters and each cluster must have a centroid value  

3)  Detection of prostate Boundaries and new cluster 
formation. The process of extraction of the prostate has 
a clustering technique is used in process of extraction 
of the prostate. Initially centroid and the cluster is 
initiated. Calculate the Euclidean distance between the 
data set of each class. 

4)  Extraction of Prostate Image After computation of 
Euclidean distance between the data points from data 
sets. The algorithm works along the boundaries where 
two distinct classes are produced. The final stage has 
two classes where one class represents the prostate and 
another class represents the background. 

 

 
 

Fig. 8 Region Extraction from MR prostate images using Unsupervised 
Clustering Technique 

 

 
 
Fig. 9 Region Extraction from TRUS prostate images using Unsupervised 

Clustering Technique 
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Fig. 10 Region Extraction using Region Growing Technique 

 
3.3 Results and Analysis 
 
The proposed method of comparison between k-means 
Custer and seeding region growing was evaluated for the 
patient’s TRUS prostate and MR prostate images collected 
from Bharti Vidyapeeth Hospital Pune India. The study 
protocol was reviewed. The quantitative study has been 
done for the proposed method using performance 
parameters MSE, DSC, Specificity Sensitivity and 
Accuracy Values of performance parameters for all prostate 
images are shown in the table 
  

Table 1: Performance parameters for MR prostate image using region                           
growing technique 

 
 

Table 2: Performance parameters for TRUS prostate image using k-mean 
clustering technique                        

 
 
Table 3: Performance parameters for MR prostate image using k-mean 

clustering technique                        

 
 
 

 
 
Fig. 11 Parameters for region growing technique for MR prostate images 
 

Images MSE Accuracy SE SP DSC 

391 0.08 6.97 2.44 1 0.54 

392 0.06 5.13 0.17 1 0.11 

393 0.06 5.11 0.11 1 0.03 

394 0.05 5.55 0.13 1 0.05 

395 0.06 5.83 0.25 1 0.20 

396 0.05 3.02 2.24 1 0.63 

397 0.07 4.88 3.74 1 0.70 

398 0.06 3.50 2.31 1 0.50 

399 0.05 3.45 2.35 1 0.62 

400 0.05 3.59 2.21 1 0.49 

Images MSE Accuracy SE SP DSC 

391 181.20 75.55 100 0 1 

392 179.72 73.00 100 0 1 

393 181.30 73.75 100 0 1 

394 181.46 73.69 100 0 1 

395 180.65 73.86 100 0 1 

396 181.68 74.64 100 0 1 

397 177.75 74.13 100 0 1 

398 178.66 74.42 100 0 1 

399 176.27 74.84 100 0 1 

400 176.27 72.84 100 0 1 

Images MSE Accuracy SE SP DSC

391 188.1 95.35 100 0 1 

392 185.36 95.03 100 0 1 

393 182.47 94.99 100 0 1 

394 181.89 94.56 100 0 1 

395 182.82 94.41 100 0 1 

396 221 99.20 100 0 1 

397 216.05 98.80 100 0 1 

398 216.3 98.76 100 0 1 

399 218.33 98.87 100 0 1 

400 218.83 98.58 100 0 1 
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Fig. 12  Parameters for region growing technique for MR prostate images 
 

 
 

Fig. 13 Performance parameters for clustering technique for TRUS 
prostate images 

 

4. Conclusion 
 
Prostate cancer region extraction using manual seeded 
region growing technique and unsupervised cluster-based 
technique has been implemented. The performance 
parameters for each of these techniques presented and are 
compared. The size of an extracted region from the TRUS 
and MR prostate image depends upon the starting seeding 
point. The region grows along the seed point computing the 
nearby similar pixel data elements present in an image. The 
cluster technique generates the new small clusters and their 
centroids and produces small regions of similar image pixel 
data sets. It is concluded that the region extraction using the 
automatic unsupervised k-means cluster technique is 
efficient and more accurate than manual seed point region 
growing. 
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