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                     Abstract 
   Objectives:      The objective of the work is to remove the CT table or other noises from Head CT/MRI images, which are often 

present and eff ectively decrease the effi  ciency of further intended image processing operations. 

    Methods:       At fi rst, depending on the mass an adaptive ellipse-shaped mask is generated to segment out the Region of interest 

(ROI) area. Then an initial head mask has been generated using iterative morphology. Finally, head mask boundary coordi-

nates are corrected accordingly to fully cover the head portion. 

    Findings:       The result section shows that the proposed method is more eff ective on normal brain MRI than skull stripped 

MRIs. The proposed method performs well in comparison with static morphology-based methods. For MRI with skull 

images, the score is 97.03% and for skull stripped MRI images the score is about 91%. In the case of brain CT, the proposed 

method achieved almost 90% Jaccard coeffi  cient similarity index value. These results prove the effi  ciency and accuracy 

of the proposed method the results are compared with the existing well-known methods of Atkins et al. (IEEE Trans Med 

Imaging, 17(1), 98–107,   https:// doi. org/ 10. 1109/ 42. 668699    , 1998), Liu et  al. (EURASIP J Image Video Process, 2017(1), 

  https:// doi. org/ 10. 1186/ s13640- 017- 0209-y    , 2017), Mol et al. (IOP Conf Ser Mater Sci Eng 396, 012039,   https:// doi. org/ 

10. 1088/ 1757- 899x/ 396/1/ 012039    , 2018), Chen et al. (Real-time patient table removal in CT images. Health Information 

Science, pp 1–8, Springer,   https:// doi. org/ 10. 1007/ 978-3- 319- 48335-1_1    , 2016) and Maureenvan Eijnatten et al. (Comput 

Methods Progr Biomed 208, 106261,   https:// doi. org/ 10. 1016/j. cmpb. 2021. 106261    , 2021). 

    Novelty:       The proposed method can remove any kind of background noises from both CT and MRI images. Here, the value 

of morphological operators is determined dynamically through iteration. Moreover, this work proposed a novel CT patient 

table removing approach from Brain CT images often are undesirable part of the medical image. 

    Keywords     CT background removing    ·  Dynamic morphological operator    ·  Head masking    ·  MRI background removing  

      Introduction 

 MRI and CT images are widely used in disease diagno-

sis (Yin et al.  2022 ), segmentation  (Osadebey et al.  2021 ; 

Ait Skourt et al.  2018 ), and classifi cation (Zhang  2021 ). In 

this regard pre-processing of medical images, like enhance-

ment  (Brady et al.  2021 ), background removing, etc. are 

significant tasks. Pre-processing allows us to deal with 

the signifi cant parts of the image. Background-Masking 

is not only useful for medical images but also for other 

domains (KC et al.  2021 ; van Eijnatten et al.  2021 ). The 

background of MRI and CT images may come with some   K. Sarkar, A. Mandal and S.K. Biswas contributed equally to this 

work.  
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non-homogeneous undesirable data, which may or may not 

be visible with open eyes but eff ectively decrease the effi  -

ciency of further image processing operations. 

 Figure  1 b is a Histogram equalization of Fig.  1 a, where the 

background sound can be seen. Meanwhile, Fig.  1 c is a CT-

scan image, collected from Medica Cancer Hospital, Siliguri. 

This image contains a scanning dais along with the actual 

medical object, which is undesirable for further processing. 

The problem with conventional morphological operations is 

determining the size of the structuring element. If the structur-

ing element has a constant size, then in some cases it can bring 

a successful result, but in others, it remains unsuccessful. This 

is because there is a vast variation in background noise. To 

overcome this situation, erosion and dilatation are performed 

here with an optimistic operator size, which in most cases 

provides eff ective results (Gonzalez and Woods  2006 ).         

    Related study 

 In most of the research work (Atkins and Mackiewich  1998 ; 

Balan et al.  2012 ; Liu et al.  2017 ), background masking is 

treated as a prepossessing step. Atkins and Mackiewich ( 1998 ) 

proposed a brain masking algorithm, which has been done in 

three stages. The fi rst stage is removing background, which 

is termed as ‘Segment Head’. This work considers the MRI 

background noise has Rayleigh distribution. The Rayleigh 

curve is fi tted into the lower bins section of the histogram, and 

a bimodal function is obtained. Next, a threshold T is com-

puted by minimizing the error term. Finally, a static morpho-

logical operation is applied to remove the noise completely. 

 Liu et al. ( 2017 ) considers that the background must have 

lower intensity than the foreground objects. Thus they have 

applied Otsu’s method (Otsu  1979 ) to obtain a binary image 

by distinguishing foreground and background pixels. Then the 

outer contours, which have more area value than an empirical 

constant (A), are chosen and then fi lled. Finally, the targeted 

mask is obtained from the union of the fi lled outer contours. 

 Balan et  al. ( 2012 ) proposed a histogram analysis 

approach to remove the background along with the skull. 

For background masking, a single Gaussian curve is fi tted 

over 85% area of the histogram curve. Then this method 

fi nds the maximum divergence point between the histogram 

and the fi tted curve, considering as threshold. Further, the 

input image is binarized using that threshold. Next, a static 

morphological operation is applied to remove misclassifi ed 

areas. Here components with an area of fewer than 200 vox-

els are considered misclassifi ed areas. The fi nal head mask 

is obtained by performing a hole-fi lling operation. 

 A simple approach was proposed by Mol et al. ( 2018 ). 

This approach fi rst applies gradient-based thresholding using 

the Sobel mask to obtain the binary image, Then Dilates 

the binary image using horizontal and vertical fl at structur-

ing elements of 3-pixel size. After that, the ’hole fi lling’ 

operation of the Dilate image was performed. Thereafter, 

the border clearing operation is performed. Finally, static 

erosion is applied to obtain the head mask. 

 CT background removal mainly deals with removing 

patient tables or scanning dais. Zhu et al. ( 2012 ) proposed 

a method to remove the patient table from CT scan images. 

This approach fi rst transformed the image into sagittal view, 

where the patient table looks like a straight line. Thereaf-

ter the sagittal image is binarized with empirical threshold. 

Next, the vertical edges are identifi ed using Sobel opera-

tor. Finally, Hough transformation is applied with angle and 

intercept to determine the tabletop. 

 On the other hand, Chen et al. ( 2016 ) have presented a 

real-time approach for patient table removal using a paral-

lel programming environment. Here also, the input image 

is binarized using Otsu’s threshold. Then, the hole-fi lling 

  Fig. 1       Background noise in Medical images  a  A Brain MRI image,  b  Histogram equalization of Fig.  1 a,  c  A CT scan image with patient table 

(left to right)  
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Initial head mask generation 

 In this stage a mask is generated to completely remove 

non-medical objects from the image. The main idea is to 

remove the weak boundaries to disconnect the other non-

medical objects from head portion using morphological 

operations. Here also an adaptive technique has been used 

to determine the size of the structuring element to extract 

the head part only. It has been discussed in detail below. 

 At fi rst the ROI segmented image is binarized using 

previously computed Otsu’s threshold  T . Then, the big-

gest component is extracted to remove small noise from 

the binary image. Next, the optimal point   x′     of morpho-

logical operator is determined using an iterative method, 

for which the biggest connected component becomes just 

disconnected. After getting   x′     , the erosion is performed 

with disk structuring element of size  x . Then the largest 

connected component extracted and hole fi lling opera-

tion is applied to it. The actual size of the head portion is 

revered by performing the dilation operation with the same 

structuring element.

    

Algorithm 3.2: Initial Head Mask Generation
Input: ROI Image IROI

Output: Initial Mask Id

1 Obtain Binary Image Ib from ROI segmented image (IROI )
2 Find the Biggest Connected Component (IB ) from Ib

3 Set x = 0 and n = 1
4 while n = 1 do
5 Set np = n, x = x + 1 and Structuring Element (se) = disk(x)
6 Do Erosion It = IB � se
7 Set n = No. of connected component in It if n > np then
8 x

�
= x

9 else
10 x

�
= 1

11 Set Structuring Element se = disk(x
�
)

12 Do Erosion Ie = IB � se
13 Find the Biggest Connected Component (IE ) from Ie

14 Obtain Hole Filled Image If ill by performing hole-filling operation on
IE

15 Do Dilation Id = IE ⊕ se

    

    Mask boundary correction and fi nal mask 
generation 

 Sometimes the boundary of the skull may become discontin-

uous because of the capturing process of MRI or CT images 

due to some technical issues in the scanning procedure. This 

discontinuous area may get included into the background. 

This error is corrected here by obtaining all the boundary 

points from the centroid for each angle from   0◦     to   360◦     . For 

this purpose, fi rst a closed boundary image   Ibd     is obtained 

from initial mask image   Id     . Then the centroid   (xc, yc)     is com-

puted. From this, the angle   (𝜃)     of every co-ordinate point is 

computed using the Eq.  6 .

      

Then for a particular angle   𝜃     , the only co-ordinate has been 

considered which holds minimum distance from centroid 

(Eq.  7 ):

      

where,   x
𝜃
     and   y

𝜃
     are the set of X and Y co-ordinates that cre-

ates angle   𝜃     about the centroid. As the boundary of the brain 

MRI is supposed to be a closed region, the corresponding 

polygon containing those points at each angle is the required 

 (6)𝜃 = tan−1

�
y − yc

x − xc

	
.

 (7)x, y = x
𝜃
, y

𝜃
∶


 � �
x
𝜃
− xc


 2
+

�
y
𝜃
− yc


 2
�
,

fi nal mask. Sometimes a closed boundary area may come 

into the brain area due to discontinuous skull area. At the 

time of obtaining boundary points at each angle, those 

points are considered as an error. Those divergent points 

are identifi ed and removed dynamically using the diff erence 

of mean-distance and minimum distance from boundary to 
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the centroid. In this regard the threshold  T  is determined 

using Eq.  8 .

      

where,   Dmean     is the average Euclidean distance from cen-

troid and   Di     is the corresponding Euclidean distance from 

centroid to paint at  i th degree. 

 For the discontinuous skull area there will be no cor-

responding point at the boundary. So the last point found at 

the boundary will be connected as a straight line with the 

next point at the boundary, which may obtained using Eq.  9 :

      

where, ( x 1,  y 1) and ( x 2,  y 2) are the co-ordinates of fi rst and 

second boundary points respectively. 

 After getting the fi nal corrected boundary co-ordinate 

points, the corresponding polygon is fi lled   (Ip)     with white 

pixel, and the fi nal mask   (IMASK)     is obtained by performing 

element-wise multiplication between fi lled polygon   (Ip)     and 

double Otsu’s threshold binary image   Ib     (Fig.  4 ).         

 (8)T = Dmean − � Di −
Dmean

2
� ,

 (9)
y − y1

y1 − y2
=

x − x1

x1 − x2
,

    

Algorithm 3.3: Mask Boundary Correction and Final Mask Gener-
ation
Input: Initial Mask Id

Output: Final Mask IMASK

1 Obtain Boundary Image (Ibd) of Initial mask Id

2 Set n = co-ordinates (X, Y ), (xc, yc) centroid of boundary image Ibd

and p = 1
3 while p ≤ n do
4 Compute θ for (xp, yp) using Equation-6 and Euclidean distance

(Dp) from centroid (xc, yc) to (xp, yp)
5 Set i = 0
6 while i ≤ 360 do
7 Find (xi , yi ) and corresponding Di from all the co-ordinate points

having θ = i such that Dx,y is minimum
8 Set T = Dmean − ‖Di − D mean

2 ‖
9 if T ≤ Di then

10 Save (xi , yi ) as correct boundary point for angle i
11 else
12 Discard (xi , yi )

13 Compute the missing co-ordinate for a certain angle from adjacent
entries using Equation-9

14 Obtain polygon mask (Ip) by filling the area under the boundary
co-ordinates;

15 Obtain Final mask IMASK by Ib × Ip

        

Result analysis and�discussion 

 For experimental analysis, manually segmented ground-

truth-images have been prepared with the help of medical 

experts and the proposed method has been compared with 

other state-of art methods using various segmentation met-

rics, such as volume error (VE), Jaccard coeffi  cient (JC), 

sensitivity (SN), specifi city (SP) and signal to noise ration 

(SNR). Here, for a ground-truth-image G and a segmented 

image S, volume error (VE) (Mandal et al.  2018 ) specifi es 

the diff erence of volume in respect of total volume of ground 

truth and segmented volume as defi ned below:

      

Jaccard coeffi  cient (JC) metric (Balan et al.  2012 ) is another 

important measuring unit, which measure the similarity 

between ground truth image (G) and segmented image (S) 

using the following Equation:

      

 (10)VE =
2× � S − G�

S + G
.

 (11)JC = �
S ∩ G
S ∪ G

� .
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Sensitivity (SN) metric (Balan et al.  2012 ) computes how 

accurately an algorithm recognizes the true head area as 

defi ned below in Eq. ( 12 ).

      

where, TP is number of pixels correctly classifi ed as head, 

FN is number of pixel incorrectly classifi ed as non-head. 

 Further, specifi city (SP) metric shows how accurately an 

method correctly identify the non-head objects. The math-

ematical equation of specifi city metrics is given below:

      

where, TN is number of pixel correctly classifi ed as non-

head, FP is number of pixel incorrectly classifi ed as head. 

 Lastly, signal to noise ration (SNR) shows amount of 

error present in the segmented image (S) compared to the 

ground-truth-image (G). And, the corresponding equation 

to measure SNR is as follows:

      

Where  m  and  n  represent the row and column of the image. 

   MRI 

   Qualitative assessment 

 The Proposed work is compared with Atkins and Mack-

iewich ( 1998 ), Liu et al. ( 2017 ), and Mol et al. ( 2018 ). 

To depict the comparison, 10 images from each datasets, 

[BRATS (Menze et al.  2015 ) Fig.  5 a and TCIA (Clark et al. 

 2013 ) Fig.  6 a) are taken]. The BRATS dataset images are 

in axial anatomical plane and skull stripped. On the other 

 (12)SN =
�TP�

�TP� + �FN�
,

 (13)SP =
�TN�

�FP� + �TN�
,

 (14)SNR = 10× log10

Σm,n
i,j=1(Gij)

2

Σm,n
i,j=1� Si,j − Gi,j� 2

.

hand, from TCIA dataset 4 axial plane images, 3 coronal 

slices and 3 sagittal slices are chosen. Moreover, Figs.  5 b 

and  6 b also shows the corresponding manually segmented 

ground truth images.         

 In the case of BRATS slices, the algorithm of Atkins and 

Mackiewich ( 1998 ) eff ectively removes Rayleigh distributed 

white noise from the background and can generate the best 

suitable corresponding mask outputs (Fig.  5 c). However, For 

TICA slices this algorithm indulges with under segmenta-

tion (Fig.  6 c). 

 Liu’s approach (Liu et al.  2017 ) is an effi  cient technique 

for MRI modality to remove noisy gray background, but 

for white disinterested section and weak or noisy skull 

boundary(First image of TCIA), it is unable to obtain the 

exact contour of the head mask (Fig.  6 d). Moreover, in some 

cases BRATS slices, this method generates a mask with a 

rough surface (Fig.  5 d). 

 On the other hand the method Mol et al. ( 2018 ) performs 

well, if the head object is placed in the middle and not con-

nected to any edge of the border in any sense. This method 

also fails if the skull boundary is captured open (Figs.  5 e, 

 6 e). Besides all of this, it uses some static-sized morphologi-

cal operator for all types of images. 

 However, the proposed method does not comply with the 

desire for the BRATS dataset (Fig.  5 f). In absence of skulls, 

some portions of the brains seemed to be disconnected. The 

proposed algorithm then considers the disconnected portion 

as noise and indulges with under segmentation. On the other 

hand, for TCIA slices the visual impact is quite well except 

for one (6th of Fig.   6 f), where the jaw portion has been 

stripped by the proposed method.         

    Quantitative assessment 

 The volume error (VE) and Jaccard coeffi  cient (JC) test 

results for MRI images in respect of manually segmented 

ground truth images has been given in Table  1 . 

  Fig. 4       Border corrected co-ordinates and corresponding fi lled polygon  
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TCIA slices Atkins method (Atkins and Mackiewich  1998 ) 

gives the highest volume error   (≈ 0.08)     after Rameesa Mol’s 

method (Mol et al.  2018 ). Where the proposed method and 

Liu et al. ( 2017 ) method gives very much similar   (≈ 0.02)     
and quite low volume error. 

 In terms of Jaccard coeffi  cient similarity, Atkins method 

(Atkins and Mackiewich  1998 ) gives highest accuracy with 

  (≈ 0.97)     for the BRATS dataset, whereas the proposed 

method stands with   (≈ 0.91)     . In TCIA slices, the proposed 

method gives jointly highest JC value with Liu’s method 

  (≈ 0.97)    . 
 Specifi city (SP) signifi es over-segmentation rate whereas 

sensitivity (SN) specifi es under segmentation rate. Thus, 

a pair value with these two can eff ectively compare the 

  Fig. 6       Comparative outputs for sample TICA dataset  a  sample input images,  b  ground truth,  c  output of Atkins and Mackiewich ( 1998 ),  d  output 

of Liu et al. ( 2017 ),  e  output of JR Mol et al. ( 2018 ),  f  output of the proposed method  
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segmentation accuracy (Table  2 ). For BRATS images M 

Atkins method gives the best balanced pair values   (≈ 99.85     

and   ≈ 96.93)     , whereas the proposed method gives   (≈ 100     
and   ≈ 91.28)     . Furthermore, for TICA images the best pair 

value is given by the proposed method   (≈ 99.85     and   ≈ 97)    . 
 Here, SNR describes the magnitude of each pixel of the 

actual mask image in respect of uncertain background noise 

which appears as a result of segmentation. Clearly from 

Table  3 , the proposed method is giving the best result for the 

axial plain. For the sagittal plane and coronal plane, it is also 

giving good results but, this method requires some improve-

ment for the beginning slices of these planes (e.g., TCIA6 

and TCIA9). On average this method gives satisfactory 

results for TCIA images. Whereas, it includes some extra 

noises for the skull-stripped BRATS MRI dataset.    

     CT 

 The primary objective of the background removal of CT 

scan images is to remove the patient table. Thus in the sub-

sequent sections, the proposed method is compared with 

various table removing approaches. The method of Zhu 

et al. ( 2012 ) is only dealing with the sagittal plane, which is 

very rarely required, otherwise, a projection into the sagittal 

plane is required from 3D slices. More specifi c to say, this 

method cannot remove the patient table from a 2D axial 

slice. Moreover, this method also fails, if the CT table does 

not appear as a straight line in the CT slices. That’s why 

this method has been kept out of comparison. Rather, the 

proposed method has been compared with the method of 

Luming Chen et al. ( 2016 ) and the method of van Eijnat-

ten et al. ( 2021 ). The quantitative output of Luming Chen’s 

method, van Eijnatten et al. ( 2021 ) method, and the proposed 

method has been also shown in Tables  4  and  5 . For better 

representation, the abbreviation (RTCTR) of Luming Chen 

et al. method (Chen et al.  2016 ) and abbreviation (RegGrow) 

of Maureenvan Eijnatten method have been used in the fur-

ther subsequent sections. 

   Qualitative assessment 

           The comparative outputs for CT scan images are shown in 

Fig.  7 . Here, Fig.  7 a are the 10 sample CT images collected 

from Medical Cancer Hospital, Siliguri, West bengal, India. 

The corresponding manually segmented ground truth images 

are shown in Fig.  7 b, and the outputs of RegGrow, RTCTR 

with morphological operator size = 10, RTCTR with mor-

phological operator size=50 and proposed method is shown 

in Fig.  7 c–f respectively. In RTCTR with morphological 

operator size = 10, none of the cases completely remove 

the table structure. Whereas in RTCTR with morphological 

operator size = 50, in only one case (8th image of Fig.  7 d) 

the patient table has been removed out of 10. Besides this, 

the RegGrow method successfully removes the table struc-

ture from each reference image, but in most of the cases 

(e.g. 2nd, 4th, 5th, 6th, and 7th images of Fig.   7 e) this 

method is unable to retain the complete head structure. Fur-

thermore, in 5th and 6th image of Fig.  7 e, the initial   50 × 50     

seed point is positioned in outside of ROI area (marked with 

red rectangle). On the other hand, the proposed method has 

not only removed the patient table from all the referenced 

CT slices but retains the head structure to a great extent. 

    Quantitative assessment 

 The statistical analysis at Tables  4  and  5  tells the same story. 

Here, all the quantitative fi gures are rounded off  and pre-

sented in percentages except SNR which is presented in db. 

 For all reference CT images, the proposed method returns 

a minimum volume error (Table  4 ) compared to all other 

reference methods except one (Image: CT8). Though the 

diff erence is not at much (approx 0.3%). The average volume 

  Table 3       SNR of MRI  
  Image BRATS    SNR    Image    SNR  

    Atkins’s    Lui’s    R-Mol’s    Proposed    TCIA    Atkins’s    Lui’s    R-Mol’s    Proposed  

  1    19.6    14.5    16.6    13.9    1    15.6    11.6    15.7    16.7  

  2    19.9    11.0    18.6    13.5    2    11.6    16.3    − 16.4    17.7  

  3    18.5    9.6    16.9    6.2    3    14.4    17.6    − 44.3    19.8  

  4    20.5    19.6    16.6    17.0    4    15.1    19.2    20.9    20.6  

  5    18.2    11.1    − 21.1    10.5    5    10.4    13.9    12.1    15.4  

  6    13.3    10.1    12.6    9.9    6    15.7    13.8    11.8    10.0  

  7    12.9    9.6    11.9    8.4    7    7.8    19.3    16.4    17.3  

  8    13.9    10.7    13.1    10.5    8    7.8    16.8    13.0    16.7  

  9    10.3    8.7    10.2    8.4    9    10.2    13.4    14.8    12.4  

  10    11.6    10.6    11.1    10.2    10    8.1    14.8    18.3    13.1  

  Avg    15.9    11.5    10.6    10.9    Avg    11.7    15.7    6.2    16.0  
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error of the proposed method is approximately 0.8%, which 

is much time less than RTCTR (5.8%  −    10.3%) and RegGrow 

(4.3%). 

 The Jaccard coeffi  cient similarity assessment also shows 

the potential of the proposed method. The average Jaccard 

Coeffi  cient of the proposed method is over 90% (Table- 4 ), 

whereas RTCTR was only able to achieve 51.3-  −    63.2%. Here 

also, the proposed method beats all other comparing meth-

ods except Case-8. 

 For all instances, the SNR of the proposed method is very 

impressive compared to the other methods. On average the 

proposed method gives 13 db SNR, whereas all other com-

paring methods are not able to cross the 5-unit line. 

 If we only compare it with specifi cation (SP) or sensitiv-

ity (SN), then it remains incomplete and less signifi cant. 

On the other hand, a relative sensitivity-specifi city measure-

ment presents a better comparative result. Figure  8  shows 

the relative specifi city–sensitivity measure. Here, RTCTR 

  Fig. 7       Comparative outputs for CT images  a   sample input images, 

 b  ground truth,  c  output of RTCTR with morphological operator size 

10 pixel,  d   output of RTCTR with morphological operator size 50 

pixel,  e  output of RegGrow (van Eijnatten et al.  2021 ), (f) Output of 

the proposed method  



686 Proceedings of the Indian National Science Academy (2023) 89:673…688

1 3

(r = 10) gives high specifi city values but produces relatively 

low sensitivity values, whereas RTCTR (r = 50) produces 

high specifi city values and moderate sensitivity values. Con-

versely, the RegGrow method is only able to produce high 

sensitivity values but irregular specifi city values. Whereas, 

the outputs of the proposed method are clustered at the top 

right corner, i.e. relatively high sensitivity and high specifi c-

ity as well.           

      Conclusion and�future scope 

 The Result section has projected some signifi cant points. The 

proposed method is very effi  cient for patient table remov-

ing from CT scan images. The proposed method achieved 

approximately 90% Jaccard coeffi  cient similarity index value. 

Whereas, the comparative addressed methods RTCTR and 

RegGrow, are hardly able to cross 60%. Again, the noise 

impact for the proposed method is signifi cantly less than the 

other two methods. Moreover, specifi city and sensitivity for 

CT images are also relatively standard than the corresponding 

two. In the case of MRI images with skull (TCIA), the pro-

posed method’s Jaccard Coeffi  cient similarity index value is 

97.03%. In addition, the proposed method gives the best aver-

age SNR quantitatively 16 db . However, there are a few limita-

tions of the proposed method, like effi  ciency is decreased for 

skull-stripped MRI images (BRATS), and sometimes poorly 

connected head components are considered as noise. Oth-

erwise, in comparison with the other methods the proposed 

method is more eff ective and capable to generate a head mask 

from not only MRI images but also CT images as well. Above 

all, the proposed method does not require any expert to set any 

threshold, whereas other discussed methods have used many 

empirical values. The most important property of this method 

  Table 5       Volume error, Jaccard coeffi  cient, specifi city and sensitivity of MRI images  

  Image    Specifi city (SP)    Sensitivity (SN)  

    RTCTR (r = 10)    RTCTR (r = 50)    RegGrow    Proposed    RTCTR (r = 10)    RTCTR (r = 50)    RegGrow    Proposed  

  CT1    87.9    93    100    99.9    99.2    98.8    97.8    99.2  

  CT2    88.8    93.7    100    99.8    99.4    97.7    23.5    96.1  

  CT3    87    90.9    100    99.8    99.9    99.6    71.3    100  

  CT4    88.2    95.1    100    99.6    93.6    91.3    37.7    96.1  

  CT5    90.1    94.2    100    100    94.2    92.8    35.4    94.3  

  CT6    90    94.1    100    100    96.3    95.1    38.1    96.3  

  CT7    90.3    94.2    100    100    96.2    94.2    55.2    96.2  

  CT8    96.4    99.4    99.4    99.1    100    99.8    99.1    100  

  CT9    90.1    93    100    97.4    100    100    76.9    100  

  CT10    90.4    93    100    97.5    100    100    78.4    100  

  Avg    89.9    94.1    99.9    99.3    97.9    96.9    61.3    97.8  

  Fig. 8       Sensitivity (SN) vs speci-

fi city (SP)  
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