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Abstract 
 

 Brain is the part of the central nervous system located in skull. For the diagnosis of human brain bearing tumour, skull 
stripping plays an important pre-processing role. Skull stripping is the process separating brain and non-brain tissues of the 
head which is the critical processing step in the analysis of neuroimaging data. Though various algorithms have been proposed 
to address this problem, challenges remain. In this paper a new efficient skull stripping method for magnetic resonance images 
(MRI) is proposed. This method adopts a two-step approach; in the first step an improved systematic application of 
morphological reconstructions operations is done for the brain image and in the second step, a thresholding based technique is 
used to extract the brain inside the skull. This paper experimented on Axial PD and FLAIR MRI brain images. 
 
Index Terms: Skull stripping, thresholding, morphological reconstruction, Axial PD and FLAIR MRI images of brain. 
 
----------------------------------------------------------------***---------------------------------------------------------------------- 
 
1.INTRODUCTION 

 
Skull –stripping is the process of segmenting brain from 
non-brain tissues (e.g skull, scalp, eyes, and neck) in whole-
head magnetic resonance (MRI) images. Skull stripping is 
one of the pre-processing phases in image processing of 
brain for detection of brain tumor. Skull stripping, an 
important task in neuroimage study is a difficult task due to 
various problems like shape of brain, intensity of the MR 
images and similarity of intensity values in brain and non 
brain tissues. The brain portion must be extracted from the 
skull before the application of segmentation, classification 
and registration processing algorithms. Neha Tirpude et.al 
[1] provide a survey of various image segmentation methods 
that have been applied to brain MRI images. 
 

Studies of brain segmentation and analysis that have 
employed mathematical morphology are discussed by many 
authors [2][3][4][5].Gonzales and woods[6] defined 
mathematical morphology as a tool for extracting useful 
image components such as skeletons, boundaries etc. 
Erosion and dilation are two basic operators in the area of 
mathematical morphology. Sajjad Mohsin et.al [7] 
employed mathematical morphological algorithms for the 
removal of skull, after the detection of false background. 
This method fails on low contrast and noisy images.  

 
     K.Somasundaram et.al [8] proposed combination of k-
means algorithm and curve fitting using quadratic equation 

for brain extraction. Orazio Gambino et.al [9] proposed a 
method for brain extraction by making use of fuzzy c-means 
segmentation [10] and morphological operators. These 
methods avoid the processing of back ground and skull 
areas. But unable to handle noisy data, randomly choosing 
the cluster centre it cannot lead to the fruitful result.  
 
      Thresholding is one of the oldest techniques in image 
segmentation technique. In this method the image is said to 
be composed of different gray scale ranges. The threshold 
value groups the pixels into such a manner that intensity less 
than the threshold  value is grouped as one class and the 
intensity of the pixel greater than the threshold value is 
grouped as a another class. A binary image can be obtained 
when thresholding a gray scale image. Rosniza Roslan [11] 
showed that thresholding the brain could be used for skull 
stripping. 
 
       Region growing [12][13] is a region based image 
segmentation technique, also called a pixel based image 
segmentation method because it involves the selection of 
initial seed points. This approach is to segmenting 
neighbouring pixels of initial seed points and determines 
whether the pixel neighbours should be added to the region. 
Region growing techniques [14] can be affected due to 
noise resulting in presence of holes in the image or may lead 
to disconnected regions. The disadvantage of this algorithm 
is that user has to select the seed regions and threshold 
values. Thus J.G.Park et al [15] addressed this problem by 
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introducing a 2D region growing algorithm that 
automatically selects seed regions corresponds to the brain 
and non-brain regions.F.Segonne et.al [16] proposes a 
hybrid approach that uses for skull stripping. 
 

The watershed algorithm [17][18] is intensity based 
approach that operates under the assumption of white matter 
connectivity and segments the image into brain and non-
brain components. But it produces over segmentation 
problem. A.H.Zhuang et.al [19] developed an automatic 
skull stripping model to remove the skull in MRI brain 
images. K.Somasundram et.al [20] presents a comparative 
survey on segmentation techniques used for MR Brain 
Images.  

2. PROPOSED METHOD 
The proposed method is a two stage process. The first 
process uses morphological reconstruction to produce a 
primary segmentation i.e mask of the input image, while the 
second process applies thresholding to the primary 
segmentation to obtain the final skull stripped image. The 
flowchart of the proposed method is in Figure 2.  
 
     Fig -1 shows two sample images taken on which the 
proposed method is experimented. 
 

 
 

                                 (a)                          (b)      
Fig -1: (a) and (b) MRI Brain Images(Input images) 

 
2.1 Erosion 

The erosion operator takes two pieces of data as inputs. The 
first is the image which is to be eroded. The second is a set 
of coordinate points known as structuring element, which 
determines the precise effect of the erosion on the input 
image. Erosion is the counter-process of dilation. If dilation 
enlarges image then erosion shrinks the image. The way the 
image is shrunk is determined by the structuring element. 
The structuring element is normally smaller than the image 
with a 3x3 size.  
 

This will ensure faster computation time when compared 
to larger structuring-element size. Almost similar to the 
dilation process, the erosion process will move the 
structuring element from the left to right and top to bottom. 
At the centre position, indicated by the centre of the 
structuring element, the process will look for whether there 
is a complete overlap with the structuring element or not. If 
there is no complete overlapping then the centre pixel 
indicated by the centre of the structuring element will be set 
white or 0. 

 
Let us define A as the reference input image and X as the   

structuring element. Eroded image is defined B  
    

  � = � ⊝ � =  ��|
X �� 
 Z ⊑ A�  (1) 

  
                                     (a)                         (b) 

Fig -2 : (a) and (b) Eroded images 
 

 
Fig-3: Flowchart of proposed method 

 
   
2.2 Opening by Reconstruction 

The opening by Reconstruction restores the original shapes 
of the objects that remain after erosion. Performing 
morphological reconstruction using the eroded image as the 
marker and the original image as the mask is termed as 
opening by reconstruction.  The opening by 
reconstruction of an image B using structuring element X , 
is defined as C 
 
   � = �ΘX  (2) 
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                                     (a)                       (b) 

Fig -4: (a) and (b) Reconstructed images using input and 
eroded images. 

2.3 Dilation 

The dilation operator takes two pieces of data as inputs. The 
first is the image which is to be dilated. The second is a set 
of coordinate points known as a structuring element. It 
consists of a matrix of 0’s and 1’s. The structural element 
can be a square, disk, and diamond shape. The dilation 
process is similar to the convolution process, that is, the 
structuring element is reflected and shifted from the left to 
right and from top to bottom, at each shift; the process will 
look for any overlapping similar pixels between the 
structuring element and that of the binary image. If there 
exists an overlapping then the pixels under the centre 
position of the structuring element will be turned to 1 or 
black.  
    Let us define C as the opening by reconstructed image 
and X as the structuring element. Dilated image defined  D  

 
� = � ⊕ � =  ���� 
�
z ∩ �X� ⊑ X��                (3) 

                  

  
                              (a)                       (b)   

Fig -5: (a) and (b) Dilated images 
 

2.4 Opening Closing by Reconstruction 

Performing complement of opening by reconstruction image 
is termed as opening closing by reconstruction.The opening 
and closing by reconstruction of a image D is defined as E 

E=�                           (4) 
 

  
                             (a)                         (b) 

Fig- 6:  (a) and (b) Reconstructed images 
 
 
 
 
 
 
 
 
 

 
2.5 Thresholding 

Convert the gray scale image into binary image by 
Thresholding. The output binary image F has values of 1 
(white) for all pixels in the input image with luminance 
greater than LEVEL and 0 (black) for all other pixels. 
LEVEL is based Global image threshold using Otsu's 
method. Binarized image consist 1 for brain tissues and 0 
for non brain tissues. The binary image of a opening 
closing by reconstructed image E is defined as F 
 

    � = �0, " < $
1, " ≥ $

�                       (5) 

Where T is the threshold value 

 
  

                             (a)                          (b) 
 

Fig -7: (a) and (b) Binarized image 
 

2.6 Final Output 

By  setting the threshold condition with binarized image and 
input brain image, wherever the binarized image consist 1 
place intensity level of input image and wherever the 
binarized image consist 0 place 0.The output image consists 
only the brain tissues.The final output image defined as G, 
binarized image as F and input image as A 

 

G = �0, � < 0
A, � ≥ 0

�                    (6) 

 
 

                              (a)                         (b) 
Fig -8: (a) and (b) Skull Stripped Image 
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3. EXPERIMENTAL RESULTS 

 
The proposed method was applied on the selected Axial PD and FLAIR oriented images. The results are shown in figure 12 
 
          

  

 

  

 
 

 

 
 

 

  

 

  

  

 

  
 
 

    (a) Original MRI                 (b) Extracted Image                                           (a) Original MRI                      (b) Extracted Image   
 
 

Fig -9: Brain portion extracted by the proposed method. Column 1 shows Original PD weighed MRI brain, Column 2 shows the 
extracted brain by proposed method Column 3 shows Original FLAIR weighted MRI brain, and Column 4 shows the extracted 

brain by the proposed method. 
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The obtained results were compared with manually stripped 
images by finding J and D similarities, 
 
3.1. Jaccard similarity coefficient: 

 The Jaccard similarity coefficient J is given as  
 J = Vol
A⋂B
 ⁄ Vol
A⋃B
, where A is the brain region of 
the manually stripped image and B is the brain region of the 
skull stripped image obtained by the proposed method. 
 
3.2. Dice similarity coefficient: 

The Dice similarity coefficient D is given as 
 D = 2Vol
A⋂B
 Vol
A + B
⁄ = 2J/
1 + J
, where A is the 
brain region of the manually stripped image and B is the 
brain region of the skull stripped image obtained by the 
proposed method. 
 

Table -1:  J and D similarities for Axial PD image 
 
 

Data 
set 

No of 
Pixels 

matched 

Total 
No of 
Pixels 

J  D  

1 37953 40000 0.9488 0.9737 
2 28735 40000 0.7184 0.8361 
3 35165 40000 0.8791 0.9356 
4 31553 40000 0.7888 0.8819 

 
Table -2:  J and D similarities for Axial FLAIR image 

 

Data 
set 

No of 
Pixels 

matched 

Total 
No of 
Pixels 

J  
 

D 
 

1 35242 40000 0.8811 0.9367 
2 36255 40000 0.9064 0.9509 
3 35398 40000 0.8850 0.9389 
4 36543 40000 0.9136 0.9548 

 
4. DISCUSSION 
 
A total of 4 images were taken for axial PD and axial FLAIR 
images respectively. The J&D similarity coefficients were 
found for the manually stripped and the images obtained by 
the proposed skull stripping method. The average values of J 
and D similarities are given in table 3. 
 

Brain 
Orientation 

Average 
J D 

Axial PD 0.8337 0.9068 
Axial FLAIR 0.8965 0.9453 

 
Table 3:  Average values of J and D similarities 
 
It is found that the average J similarity value is greater than 
0.8 where as the average value of D similarity is greater than 
0.9. Hence it is proved that the proposed method is efficient 
for skull stripping. 
 
 

5. CONCLUSION 
 

In this Paper a novel method to extract brain portion from 
Axial PD Weighted and Axial FLAIR weighted MRI images 
has been proposed. This method is able to detect the 
boundary separating brain and skull directly. The result 
shows that it is a reliable method for brain extraction. This 
method is also very simple. 
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