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Abstract 
 
Digital segmentation is one of the basics of image processing, as it helps to 
understand and analyze parts of the image. There are many ways to segment 

digital images, each with its own features and mode of operation.In the 

present study, two methods are adopted: marker controlled watershed 
method, adaptive K-means method; they are applied to images represented 

images of magnified materials using a microscope. The results of the two 

methods were compared, and it was found that the adaptive K-means method 
is better than the marker controlled watershed method of segmented images 

in the study, based on statistical results calculated. 
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1 Introduction 
 

Image treatment is a strategy to interpret an image to digital shape and 

execute a few functions on it, orderly reproducer some valuable information 

from it or to get an improved image. Image processing is the strategy of 
signal handling mechanism to the domain of Images two-dimensional signals 

like photographs or video [1].  

In image processing domain there are fundamental procedure are pre-
processing, segmentation, feature extraction and recognition, and those has 
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been preserving their robust importance in research commonly in the case of 

software implementation and very few applied on hardware. Image 

segmentation defines as the technique of partitioning an image to its 
constitutive parts and objects [2]. Image fragmentation is an essential and 

difficult handling of image processing. Is utilized into division an image to 

significant components containing homogeneous characteristics and 
attributes. The target of image fragmentation is to split an image into a 

number of segments including the same properties or features. Image 

segmentation have essential applications are: Content-based image retrieval, 
object disclosure and appreciation tasks, automatic traffic control systems 

and video observation, etc. [3]. 

 

2 Related Works 
 

 There have been numerous jobs executed in the region of image 
segmentation via utilize varying techniques. And numerous are executed 

depended on various employment of image segmentation. K-means 

algorithm is the easiest grouping schedule and there are numerous strategies 

applied yet with specific way to initialize the center. And numerous 
investigators are additionally attempting to build different strategies which 

are extra functional than the current techniques, and exhibit best partitioned 

outcome. Several of the current latest jobs are debated here. 
- Zheng et al. [4] adaptive K-means image partitioning are a proposed 

technique, which lead to perfect partition outcomes with easy process and 

keep away from the interactive input of K rate. Firstly converts the coloration 

area of images into LAB coloration area via this method. And the rate of 
luminance elements it is set into a specific rate, with a view to lower the 

impact of bright on image partition. Then, image is segment adaptively after 

setting threshold when the relation is equivalent among K values and the 
numeral of linked domains. The ending partition outcomes are gained, later 

morphological handling, maximum linked domain abstraction and 

corresponding with the aboriginal image. 
 - Nameirakpam et al. [5] proposed before applying K-means algorithm, 

to improve the quality of the image, firstly applied the partial stretching 

enhancement to the image. Data grouping way is Subtractive grouping way 

where it produces the centroid depended on the possible value of the data 
points. Consequently subtractive group is utilized to produce the initial 

midpoints and these midpoints are utilized in k-means algorithm for the 

partition of image. Lastly to delete every undesirable area from the image, 
the medial filter is used to the partitioned image.  

- Prasad et al. [6] discuss flower recognition and partition algorithms with 

watershed transform. Proposed the twofold types disparate of watershed 
transform with morphological gradients and wavelet coefficients.  
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The first stages of the flower partition issue use watershed and marker-

controlled watershed algorithm. This converted into a wavelet depend 

mixture typical per binary flower images in the future phases generous 
sensible partition outputs. The partition outcomes are analyzed together 

visually and mathematically. The number around 0.485 and 0.786 severally 

refers flower dataset on Oxford University to average segmentation distance 
error (SDE) and structural similarity index (SSIM).  

 

3 Image Segmentation 
 

 The segmentation is depend on measurements extracted of the image and 

perhaps be gray scale, color, combination, deepness or motion. 
Fragmentation the image into important areas with esteem to particular 

application is the chief purpose of the image partition. Image partition is a 

primary and essential phase for whole image considerate. The classical image 
segmentation is limited by using a number factors such the same Shadow 

problem in object variability and noise leading to over segmentation. To get 

over these problems, examining the image at multi-resolution level is being 

considered [7].  
 

3.1 Marker Controlled Watershed Segmentation 
 

One of the greater challenging image processing operations is separating 

touching objects in an image. The watershed metamorphose is many a time 

used to this issue. The watershed metamorphose detection “catchments 

basins” and “watershed ridge lines” in an image via processing it as a region 
refers that light pixels are high and dark pixels are low. One of the often 

disadvantages related to the watershed metamorphose is the excessive 

fragmentation that usually outcomes [8]. The normal method of 
predetermining the numeral and estimated position of the areas supplied via 

the watersheds metamorphose be composed of in the adaptation of the 

homotopy of the task to which the algorithm is implemented. This 
amendment is being implemented by a mathematical morphology process, 

geodesic reestablishment, via which the task is amended so that the minima 

can be forced via an exterior task (the marker task). All the catchment basins 

that have not been marked are filled via the morphological rebuilding and so 
transformed into nonminima plateaus, which will not output different areas 

when the ending watersheds are designed, and Figure 1 shows the Stages of 

Marker-Controlled Watershed segmentation algorithm [9].  

Marker Controlled Watershed Algorithm [10]: 

1. First the step the color image is read then exchanges it to gray-scale. 

2. Improve gradient images via the usage of suitable edge detection 
task. 
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3. Mark the forefront objects the usage of morphological renovation 

(efficient than the opening image with a closing).  

4. Compute the local maxima and minima to achieve the perfect 
onward markers. 

5. Lay over the foreground marker image on the aboriginal image. 

6. Spotless the ends of the markers the usage of ends rebuilding. 
7. Calculating the upbringing markers. 

8. Calculating the watershed transform of the utility. 

 
Figure 1: Stages of Marker-Controlled Watershed segmentation algorithm with 

morphological methods [9] 

 

3.2 Adaptive K-means Method 
 

The algorithm which is most classical fragmentation depends the way of 

clustering. K -means algorithm depends on a special mechanism in its work 
that collects the objects closest to it via collecting the K points in the area. 

Repeatedly, the centroids values of collects are extracted one via one while 

waiting for it reaches the most appropriate clustering outcome are get. K -
means procedure is a prototypical agent of the collection technique depended 

on the original task. It gets hold of the space since the data point to the 

paradigm as the target task of optimization [11]. The adaptation principles of 

reiterative procedures are received via the process of detection utmost values 
of functions. Euclidean distance utilize like sameness measure via the K -

means algorithm, which is to obtain the optimum grouping of an beginning 

cluster center vector, so as the assessment directory is minimum. The error 
square aggregate standard task is utilized as a clustering principle task. Even 

if the algorithm of K -means is effective, it is difficult to predication the 

value of K, so you should give the value of K in advance. In numerous times, 
it is unidentified in advance how plentiful types the given data set ought to 

splited into [12].  
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An adaptive step to initialize K-means procedure one of the great 

solution for some drawbacks in K-means procedure is K-Means procedure. 

The main challenge if K-means is the difficulty of choosing the initial seed 
points where its take much time until converge the optimization function. K-

Means algorithm one of the most reliable and rapidly segmentation based 

algorithm, and used commonly for wide range application to partition the 
data into coherent groups. The basic K-means algorithm phases explained as 

follow [13]:K-means algorithm 

Input: image 
Input: segmentation image 

---------- 

Step1: An initial step in K-means is choosing (K) initial seed points as initial 

clusters centroids, C= {C1, C2 … Ck}. 
Step2: to any pixel in the Image (f), compute the distance (D) among the 

pixels and all centroids based on the following equation: 

n

1f

2

tff )Mp()p(D
                        … (1) 

Where f=1, 2, … n, t=1, 2, …k,  Moreover, assign pixels to the clusters with 

minimum distance value.  
Step3: Recalculate the cluster centroids by the equation: 

tf

t

t cp
c

1
C

          … (2)  
Step 4: Repeat step 2-3 until no change in Ck. 

 

4 Image Quality Metrics  
 

The image quality can be seen by seeing the distortions in the image, like 

color shifts, blurriness, Gaussian noise and blackness. [14] 

 

4.1 Peak Signal to Noise Ratio 
 

Where Peak Signal to Noise Ratio, is a visage expression for the ratio 
among the maximum potential power of a signal and the power of corrupted 

noise that impacts the reliability of its impersonation. 

 
MSE

MAX
log10PSNR

2

I
10

        … (3) 
where, MAX I  is the maximum pixel value of the  image. 

 

4.2 Mean Squared Error  
 

It is the usual method to express the energy of the error signal.  
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         … (4) 
In the MSE, we will habitually denote to the error signal ei , = xi − yi, 

represent  the  variation  among  the  aboriginal  and  inaccurate  signals. The 

MSE can also be considered as a ration of signal quality. 
 

4.3 Average Difference  
 

Average Difference, presents the average of alternate regarding the 
processed and reference image. Average Difference expressed as follows:  

        … (5) 

Ideally it should be zero. 
 

4.4 Entropy 
 

Calculated the entropy of an image depended on the image histogram 

information, is the appearance of information of the all intensity values in the 

image. [15] 

         … (6) 

where N denotes a count of symbols and p ( ) is possibility of 

appearance of symbol .   
 

5 Proposed Algorithm 
 

The segment of image contains two methods to extracted features from 

image, segment image via Marker controlled watershed segmentation and 

Adaptive k-mean Segmentation method.The general structure diagram of 
suggested algorithm shown in Figure 2. 

 
Figure 2: General diagram of Proposed Algorithm. 

 

6 Evaluation 
 

Table 1 displays the results of Segmentation and marker controlled 

watershed segmentation on images. 
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Table 1: Original images with segmentation image comparison using two methods 

 Original Images 

(Materials 

Magnification  

by SEM Tech.) 

Marker Controlled 

Watershed Segmentation 

Adaptive k-mean 

Segmentation 

1. 

   
2. 

   

3. 

   
4. 

   

5. 
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Table 2 shows the results of image quality metrics of images 

Segmentation by marker controlled watershed method. 

 
Table 2: Image quality for marker controlled watershed segmentation 

Image no. PSNR MSE AD Entropy 

1. 18.84 848.4783 5.80 6.34 

2. 16.43 1.4791e+03 5.82 5.97 

3. 37.35 11.9655 5.88 6.43 

4. 10.53 5.7537e+03 5.35 3.15 

5. 13.00 3.2523e+03 5.56 4.76 

 

Table 3 shows the results of image quality metrics of images 

Segmentation by Adaptive k-mean method. 
 

Table 3: Image quality for Adaptive k-mean Segmentation 

Image no. PSNR MSE AD Entropy 

1. 11.96 4.1377e+03 7.31 6.42 

2. 11.25 4.8733e+03 7.21 5.87 

3. 11.41 4.6925e+03 8.89 6.52 

4. 11.89 4.1991e+03 5.43 6.33 

5. 11.72 4.3684e+03 7.07 6.56 

 

7 Conclusion 
 

 Digital image partitioning is one of essential operations in digital image 

treating. One flied of segmentation of digital images that represent enlarged 
images of material surfaces. The results and quantitative statistics show that 

Adaptive k-mean method gave better results than the marker controlled 

watershed technique in image segmentation in the current study. 
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