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Abstract: The proposed hybrid framework extracts the 

complete brain part from the MRI scanned dicom brain 

image. The work is carried out in three different modules 

and the final output is obtained by integrating these 

modules. The first module takes the MRI image of a human 

brain as input and normalizes the pixels within the standard 

range by bias correction. The second module takes this 

normalized image as input and strips out the skull from the 

image. The third module called as iso-surface generation 

generates a 3D view of the skull stripped brain image. 

Index terms: Bias correction, Magnetic Resonance Imaging 

(MRI), Erosion, Dilation, Iso-Surfaces generation. 

 

I. INTRODUCTION 

The medical field has emerged into a very important part of 

the human life now. Due to the advancements of the 

technologies and the tools, the medical people such as 

doctors, surgeons, radiologists, cardiologists and so on who 

belong to the different departments of the medical field are 

able to detect the abnormalities or the failure of the proper 

functioning of respective internal and external body organs. 

In addition to that, it is possible for the doctors to predict 
about the diseases by analyzing the symptoms of the 

abnormalities so that the patient can take medications before 

he could meet with the health issues. For example, a 

cardiologist who deals with the heart issues and its associated 

parts can analyze and investigate any malfunctioning or 

abnormalities with his patient’s heart. Likewise an urologist 

can deal with kidney abnormalities and its related parts like 

bladder etc. But before a doctor or a surgeon could go ahead 

to declare that a person has got any problem with any part of 

his body, he should produce the scanned images of the 

concerned body part, analyze it properly and then should 
declare the result. The body parts can be scanned using 

different technologies for different organs. Some of the 

different scanning technologies include MRI scanning 

(Magnetic Resonance Imaging), CT scanning (Computerized 

Tomography), and X-Ray etc. The MRI scanning is mainly 

applied for the soft body parts tissues / organs like the human 

brain which is a most important and very sensitive part of 

humans which resides inside the skull protecting it, ear parts, 

nose parts etc. The CT scan also called as computed or 

computerizes tomography is used for producing the structure 

of the human or animal body organs like blood vessels, bones 

and tumors. It uses the information from few x-ray images 
and converts them into the pictures on computer screen hence 

the name computerized tomography. The scanning with this 

technique is painless like MRI and the time required for the  

 

procedure is 5 to 10 minutes. X- Rays are basically the 

electro-magnetic radiations which are used for producing the 

structure of the internal body parts especially bones. The X-

Rays are made to penetrate through the human body and 

produce the structure of the bones to find out any fracture or 

some other issues with the bones. Even though the project is 

implemented for the extraction of certain different body parts 

like ankle, shoulder, knee etc, here it is mainly concentrating 

on the human brain since MRI is used mainly for the soft and 

sensitive organs and extracting the brain leaving back the 
skull from the scanned image. This extracted brain is then 

further analyzed by the radiologists for the detailed study. 

The project is carried out in three different sequential 

modules. In the first module, called Bias Correction, the 

dicom MRI scanned human brain is given as input. The task 

of this module is to bring all the pixel values of the input 

image into the standard range 0 to 255 so that it will be 

easier for the next module. It is an important pre-processing 

step in image processing. The output of this module is given 

as input to the second module. The second module is called 

as the brain extraction module. This is the module which 

exactly extracts the brain from the image without the skull. 
Finally, this output is given as input to the third module 

called as iso-surface generation. This is to avoid errors which 

might be caused during second module. Then the final result 

is studied by the radiologists for further analysis. 

 

II. EXISTING SYSTEM 

There are lot of technologies which are available to extract 

the brain from the MRI scanned brain images. Examples 

include brain surface extractor (BSE), brain extraction tool 

(BET) and many more. These tools take the MRI scanned 

brain image as input and produce the skull stripped brain 
image. 

But the drawbacks which lie in these tools are 

 They will not produce the proper result since the  

pixel intensity values will not be in the normalized 

fashion. 

 It may be difficult to identify whether the tool has 

worked properly i.e the skull has been removed 

completely without losing any brain part. 

These drawbacks are overcome by the proposed framework. 

 

III. PROPOSED SYSTEM 
In the proposed framework, the above drawbacks have been 

overcome with the inclusion of  two modules along with the 

brain extraction modules. One prior to the brain extraction 

module, called as bias correcting module. Another post brain 
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extraction module called as iso surface generation. The 

advantages of this integrated framework are  

 The images with any pixel intensity values can be 

given as input since the bias correction module 
normalizes all the pixel intensity values. 

 If there is any error introduced during the brain 

extraction process, it can be identified by the third 

module i.e iso surface generation since it produces 

the 3D view of the extracted brain. 

 

IV. DATAFLOW DIAGRAM OF THE PROPOSED 

FRAMEWORK 

 
Fig 1: Dataflow diagram of the proposed framework 

 

V. ALGORITHM OF THE PROPOSED FRAMEWORK 

Step 1: Input the dicom MR image of the human brain. 

Step 2: Normalize the intensity values of all the pixels in the 

input image using bias correction. 
Step 3: Extract the brain by carrying out the following 

sequense of steps given below: 

 Filtering the image by using spatial filter. 

 Detecting the edges in the image using Laplacian 

edge detector. 

 Performing the erosion and dilation techniques to 

extract the brain. 

Step 4: Generating the iso-surface of the extracted brain. 
Step 5: Finally obtaining the skull stripped brain. 

 

VI. EXPLANATION 

The proposed method takes the scanned dicom image of 

brain MRI. The example of dicom image will be as below: 

 
Fig 2: MRI scanned dicom image of human brain 

 

A. Normalization of the pixel intensity values 

The second step in bias correction. It is a very important pre 
processing step in image processing. In this module, the bias 

field which will be generated during the scanning will be 

corrected which helps in making all the pixel values of the 

input image homogeneous. The homogeneous pixels are 

created using the formula[1]: 

 
Once all the pixels are made homogeneous i.e their values 

are brought into the standard range between 0 – 255 for gray 

scaled images, that bias corrected image is then fed into the 

next module. For example, if the intensity range of the given 
image is 40 to 150, and the desired range is 0 to 255, the 

formula subtracts 40 from each pixel intensity making the 

range from 0 to 110. Then each of the pixel intensity is 

multiplied by 255/110 making the range 0 to 255. 

 

B. Extracting the brain 

In the third step the brain is extracted using the following 

sequense of steps. 

Filtering: The image might contain noises, so the image has 

to be cleaned up using some filtering techniques to remove 

those noises and the irregularities. There are many 
techniques which have been used for the filtering of the 

image and I have made use of the filter ‘spatial filter i.e 

regularized isotropic diffusion filters(non linear)[2]’. This 

filter is a classification of the diffusion filter. Diffusion filter 

is a translucent filter which when used in front of the lense of 

the camera produces special effects i.e softens the objects in 

photography. Since the spatial filtering is the classification of 

the diffusion filtering, along with softened objects, the image 

intensities of the neighbourhood pixel values are utilized to 

compute new intensity pixel values.The advantages of 
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diffusion filters over other filters are as follows: 

 As told in the above lines, the new pixel intensity 

values can be computed from the pre computed 

neighbourhood pixel intensity values. 

 Since it is iterative in nature, we can have good 

control over the amount of filtering that has to take 

place. 

Detecting the edges: 

The edge detection technique use in the project is laplacian 

edge detection using the threshold zero crossing detection. 

This is done by first converting the image to a laplacian 

image and then applying the threshold zero crossing to that. 

Laplacian is the second order derivative of an image. The 

need of converting the image to a laplacian image is that it 

highlights the rapid changes in the intensity values of the 
pixels and hence it is used for the edge detection as the pixel 

values will have a sudden intensity changes at the edges. 

Edge detection algorithms are normally used to the images 

which are already smoothed using some smoothing filters 

like spatial filters which takes out the noises. It takes a gray 

scale image as input and produces a gray scale image as 

output [3]. 

Working:Let there be an image with the pixel intensity value 

I (X,Y). The laplacian of this image L(X,Y) is computed 

using the equation[4]: 

 , 
which is the second order derivative of the image pixels. The 

complete working can be explained in the following steps. 

Step 1: Suppose the input image is blurred and its edges have 

to be found. 

Step 2: the task is to apply the laplacian on this image now. 

The need of applying laplacian can be illustrated with the 

following example. Suppose there is a signal in one 

dimension with the edge represented on that. 

 
Figure 3: graph representing an edge in one dimension 

When we take the first derivative i.e a single derivative on 

this, we get the graph as below. 

 
Figure 4: graph showing the edge in the first order derivative 

of s signal 

It is seen that it produces a large peak and when it is 

compared with the threshold, if the peak exceeds it, then we 

say that we have detected an edge. But we can also find that 

due to this thresholding, the edge what we have got is thick. 

But we need a thin edge for the image processing. So in order 

to correct this, we just apply one more derivative i.e second 

derivative to the above, which is called as laplacian.  And the 

graph will be as below: 

 
Figure 5: graph showing the edge in the second order 

derivative 

Here once we get laplacian of the image, we go for finding 

the zero crossings in the graph as shown above. All these can 

be well understood with the help of an image. 

 
Figure 6: laplacian of an image 

Figure 7: binary image 

The above left is the laplacian of an image and the right is 

the binary image of the first image. Here we can see lots of 

false edges too which we don’t want. So to remove these 
false edges, we are adding one more step i.e comparing the 

variance at this point to the threshold. Step 3: comparing the 

variance at this point to the threshold. If the threshold is 

exceeded, then declare an edge. This can be shown in the 

following image. 

 
Figure 8: edge detected image 

Now it is seen that the edge of the image is obtained. 

 

C. Applying erosion and dilation 

a) Erosion: 

It is the process of merging the edge pixels of the for ground 

image into the background image. After erosion, the original 

size of the image will be diminished. This can be shown by 

following diagram[5]. 

 
Figure 9: Example of erosion 

The above left figure is the original image. The foreground 

image is the Africa and the background image is black in 

color. After erosion, the foreground color is merged into 
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background color. So it is seen that the words in background 

color are merged into background color and the foreground 

image is diminished in size. 

b)Dilation: 

 
Figure 10: Example of dilation 

It is the process of merging the background pixels into the 

foreground image. After the dilation process, the size of the 

original image will be enlarged. This can be well understood 

by above figures. The above left figure is the original image. 
White is foreground color and the black is background color. 

After the dilation process, the foreground image is enlarged. 

 

D. Generating iso- surface of the extracted brain 

When the brain is extracted from the previous step, it may 

contain some errors. So in order to remove those errors like 

residual non brain parts, the third module i.e generation of 

single large object in the image is implemented. This process 

is carried out by using the visual appearance features of the 

image. This module gives the final desired output. 

 

VII. CONCLUSION AND FUTURE WORK 
The hybrid framework can stand as an important technology 

for the radiologists during the extraction of the brain from the 

MRI slices. The advantage of this hybrid technique is that, 

any MRI image of any pixel range can be given as input 

since the first module, bias correction, will bring all the 

pixels within the desired standard homogeneous range. One 

more advantage of this technique is that, the final module i.e 

generation of largest blob after the brain extraction will take 

out any errors in the result of brain extraction module and 

gives the final desired output. The proposed framework can 

be used for the MR images of any part of the body like ankle, 
shoulder and knees but here it is concentrated mainly on the 

brain as MRI is specially used for the soft tissues, hence a 

choice made is of human brain.  The proposed work is for the 

extraction of the part of interest. In the coming days, more 

advanced algorithms than the ones which are used here of for 

the filtering or for edge detection can be used to get still more 

accurate results which are very much essential for some 

serious diagnostic purposes. The extracted brain using hybrid 

technique may be used for further processing by the 

radiologists diagnose and identify any tumors or any diseases 

like Alzheimer’s diseases with the help of proper algorithms 

in the future days.  
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