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Abstract: In a given image, it is possible to extract only the required data from the intact image. This is known as 

image segmentation and is considered as one of the important image processing technique. Several algorithms do the 

segmentation on images but Watershed method, which is based on natural phenomenon of water flow in lakes, is 

attracting large number of researchers due to its fast action, simple algorithm to implement in computer and versatile 

for twin images too. The morphological watershed image segmentation is implemented on MRI images to extract 

calvarial bone (skullcap) from the scans. It is useful for evaluation of calvarial lesions, calvarial bone grafts and 

calvarial bone fractured patients that could help in diagnosis and treatments. The results are demonstrated and the 

method is explained. Applicability of the method for the calvaria related abnormalities are discussed.  
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I. INTRODUCTION 
 

Image segmentation refers to partitioning of an image into 

distinct regions of interest that contain pixels with similar 

attributes. The main goal of segmentation is to 

differentiate the object of interest from the background of 

image. Thus the segmentation of image may be considered 

as an important step in image processing techniques. 

Several image segmentation techniques are being used for 

image analysis; some of them are general purpose while 

some are designed for specific images. There are several 

application and various algorithms for segmentation in 

image processing from general images to medical 

applications. But, there is no universal algorithm for 

segmentation of every medical image because each 

imaging system has its own specific limitations and the 

specific anatomical information required to diagnose the 

patient with different characteristics. A major difficulty of 

segmentation of medical images is the high variability in 

the images [1]. Different imaging modalities such as x ray, 

CT, MRI, ultrasound, PET, SPECT, etc., produces their 

own images [2]. Further to add, human anatomy itself 

shows major modes of variation. When these two 

prominent variations are considered together, analysis of 

the image, thus generally make high complexity and 

ambiguity. However, the computer advancements made it 

possible to implement image processing algorithms, 

including segmentation, on medical images in the digital 

domain at different accuracy and degree of complexity. 

Therefore, accurate segmentation of medical images 

becomes a key step in image processing which can help 

for suitable planning of diagnosis and treatment of the 

patient.    
 

Human brain is the most complex organ of the body 

having various parts within it. Each part has distinct 

anatomical signature and functional characteristics which 

are all together encapsulated within a mechanically strong 

bony structure, known as the skull. The human skull bone 

is the most complex part that supports the face and teeth 

and thus forms a protective cavity for the brain, sensory  

 

 
organs, nerves and blood vessels from any mechanical 

damage but allows the passage of air and food [3]. Acting 

as a mechanical foundation, the skull may be divided into 

two groups: the cerebral cranium and the visceral cranium. 

The roof of the cranium is known as skullcap or calvaria, 

which is derived from the Latin word [4]. The calvaria 

could be affected by a variety of diseases. Congenital, 

traumatic, inflammatory, skull fractures and neoplastic 

lesions are the few to name related to calvarial lesions. 

Routine clinical examination may not be enough for any 

conclusive diagnosis of the disease in several occasions. 

Imaging plays an important role for the clinical diagnostic 

and therapeutic procedures.   Radiologists prefer CT 

(computed Tomography) and MR imaging (Magnetic 

Resonance imaging) to scan head, but most of the findings 

from the scans do not exhibit distinctive imaging features 

in several cases [5][6][7]. The radiographic imaging varies 

according to their pathologic features. For evaluation of 

calvarial lesions from these images, the distinctive features 

are to be extracted which can guide the radiological 

diagnosis specifically. In this article, computer based 

algorithm is developed for segmentation of calvarial bone 

or skullcap alone from the medical images. This technique 

can guide the radiologists precisely for a specific diagnosis 

of lesions or delineating pathological regions, thus limiting 

the differential diagnosis.   

 

II.   BACKGROUND 
 

Image segmentation may be described as the partitioning 

of an image into non-overlapping, constituent regions that 

are homogeneous with respect to some characteristics [8]. 

The procedure is one of the most critical and challenging 

task of image processing. It has various applications over a 

wide spectrum ranging from vehicle’s number plate 

identification in traffic management to the cancer cell 

detection in clinical investigations. Several image 

segmentation techniques are available in literature, but 

there is no common method which can be considered good 
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for all images [1]. As the number of algorithms developed 

is increasing each year continuously [9], it is considered as 

a great challenge by the computer vision researchers. Very 

popular image segmentation techniques that are still used 

today by the researchers are edge based [10], region based 

(11), histogram based [12], threshold based [13], model 

based, feature based and Watershed transformation which 

can be found in literature. Segmentation of medical images 

is relatively difficult but important part of image 

processing, thus become focus of attraction for the 

researchers from various fields.  
 

Human body comprised of different organs and each organ 

consists of biological components such as bones, tissues 

and blood vessels. Each component of any organ can 

influence the health condition of the person. Medical 

images display the organs spatially by non-invasive 

method to view them for the characterization. X-ray CT 

and MRI are most widely used radiographic imaging 

techniques for clinical purposes. The scans from these 

systems are referred for quantification of tissue volumes, 

diagnosis, pathology, anatomical and functional 

information.  Every scan of images differs in noise level, 

artifacts contrast and resolution when it is focused for a 

particular organ. For example, the most intricate, 

complicated and impressive organ is the brain which has 

different sections and is protected by the bone tissue 

(skull). Several research articles have been reported in the 

area of brain image segmentation for tumors, brain tissues 

(such as white matter, gray matter) and CSF (cerebrospinal 

fluid) from medical images based on various algorithms. It 

is equally an important objective to consider calvaria for 

segmentation which could help to understand the 

pathological changes in various forms of degenerative 

brain diseases. The segmentation of calvaria from medical 

images based on image processing algorithms did not 

come to the notice of the author from literature. Therefore, 

in this work the calvarial bone segmentation from 

Watershed algorithm is proposed which could help for 

clinical analysis of brain images.      

 

III.   METHODOLOGY 
 

The human head mainly consists of brain and the outer 

bone. Below Fig 1 (A) (B) shows anatomy of the head and 

brain in sagittal and horizontal sections. 

 
(A)    (B) 

Fig. 1    Anatomy of Human head and Brain. (A) Sagittal 

plane cross section (B) Horizontal plane cross section 
 

Human head shown in above figures may be considered as 

two major images are fused together in the form of brain 

tissue and the calvarial bone. The two layers are touching 

together and therefore, Watershed algorithm for 

segmentation is more suitable. 

Watershed Algorithm 

A.  Principle 

The principle of watershed transform suggests that any 

greytone image can be considered as a topographic 

surface. If this surface is flooded from its minima, and if 

the merging of water coming from different sources, 

similar to that water flowing from catchment area in a 

lake, then the image can be portioned into two different 

sets as the catchment basins and the watershed lines. For 

better understanding, one can imagine that the bird view 

over a large water source accumulating behind a storage 

dam. Suppose the transformation is applied to the image 

gradient, the catchment basins then theoretically 

correspond to the homogeneous grey level regions in the 

image. If a drop of water flowing the gradient of an image 

then, that drop flows a path through ultimately reach a 

local minimum. That means, by nature, the fluidic water 

always flows into the lower basin. In simple words, it is 

the line which determines where the drop of water will fall 

into the region. This classic algorithm was introduced by 

Luc Vincent and Pierre Soille [15], which was based on 

the concept of “immersion”. This algorithm is particularly 

useful for segmenting objects that are touching one 

another. Initially, the concept was used by Digabel [14] 

which was later reviewed and implemented efficiently by 

Vincet [15][16]. The morphological watersheds provide a 

complementary approach to the segmentation of objects. It 

is useful in particular, for segmenting the objects which 

are touching each other. This algorithm being applied for 

medical image segmentation by various researchers 

[17][18]. 
 

B.  Proposal of the Work 

For implementing the watershed algorithm, generally, 

three methods are followed; distance transform approach, 

the gradient method and the marker controlled approach. 

In the distance transform approach, the distance from 

every pixel to the nearest non-zero valued pixel is 

calculated. This is the first step of pre-processing the 

image before implementing the watershed algorithm. 

Important steps of the proposed work are shown in the 

below Fig. 2. In this work, T1 weighted MRI scans of the 

head and brain from the web source are taken as input 

images. To implement the algorithm, the computer 

program is written and executed in Matlab Software. Each 

step of the program is explained in detail in the following 

paragraphs.    
 

The MRI scan of the brain with calvaria is considered as 

original input image. It is loaded in Matlab platform to 

read as input image for implementation of Watershed 

algorithm. Most of the medical images have inherent noise 

and with different contrast levels. They are pre-processed 

to remove the noise. This is carried out by subtraction of 

opened image from the original image. Then the correct 

level of threshold is calculated for a value by which 

calvarial bone can be segmented. By thresholding the 

image at this value, it is then converted to binary and its 

inversion form. For the binary image, distance is 

calculated all the nearest non-zero values are pushed 

within the image.  
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Fig. 2  Steps for Proposed Watershed Image Segmentation 
 

The purpose of doing this step is to force the local minima 

inside the image to facilitate the water filling within it, 

hence to apply the watershed. Finally, watershed is applied 

such that all the ridges are given zeros and the catchment 

basins with non-zeros.  

 

IV. EXPERIMENTAL RESULTS AND DISCUSSION 
 

A set of two MRI scans of the brain with calvaria are 

taken as input images; one scan is from sagittal and 

another from horizontal plane cross sections. Both images 

are shown in the below Fig.3 as (A) and (B) respectively. 
 

 
(A)      (B) 

Fig. 3    T1 Weighted MRI images as original Images. (A) 

in sagittal plane and (B) in horizontal plan cross sections. 
 

 

 
(A)       (B) 

Fig. 4    Pre-processed binary images in (A) sagittal plane 

and (B) horizontal plane 

To demonstrate the pre-processing and binary conversions, 

the results in sagittal plane and horizontal plane are shown 

in Fig. 4 as “Binary Image”. The cleaned images are 

shown in figure 5. The calvarial bone segmented from the 

backgroung are shown in figure 6 and their inverted 

images in Fig. 7. Finally, the calvarial bone from water 

segmentation method are shown in Fig. 8.  
 

 
Fig. 5   Cleaned images in sagittal and horizontal planes 

 

 
Fig. 6   Calvarial bone in sagittal and horizontal planes 

 

     
Fig. 7    Calvarial bone inverted images of above in 

sagittal and horizontal planes 
 

 
Fig. 8    Watershed segmented calvarial bone in sagittal 

and horizontal planes 
 

Analysis of calvarial bone is a pathophysiological 

procedure which is normally done in radiographic images. 

Their evaluation is essential for the patients with calvarial 

lesions [19][20], calvarial bone fractures [21] and calvarial 

bone grafts [22]. In these cases the evaluation is carried 

out directly on MRI/CT scans. But, it would be better to 

Threshold 

Pre-processing 

Binary Image 

Apply Watershed 

Distance Calculation 

Image output 

Image Input 
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do the analysis in the computer with the image processing 

tools. Computer based image analysis techniques are 

attracting researchers due to their software capabilities. 

The proposed image segmentation is fast and easy to 

implement that may help for the related diagnosis as well 

as post-operative patients to plan for future course of 

treatments. While implementing the method, care should 

be taken against over-segmentation which can be 

accomplished by selecting suitable values in the 

programming. 

     

V.   CONCLUSION 
 

Segmentation for image analysis has its own significant 

imprint in medical imaging. Watershed method of 

segmentation is being used for various applications in 

digital image processing. The methodology is explained in 

steps and demonstrated on MR images. Segmented images 

of calvarial bone obtained in this work could be useful for 

neurosurgeons or radiologists. After scanning procedure, 

the image analysis can be performed as and when 

required. There will be scope to evaluate precisely by 

changing parameters for better treatment plans. It is also 

possible to evaluate quantitatively from the results.    
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