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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 rain CT images often are undesirable part of the medical image.

Keywords CT background removing  ynamic morphological operator Head masking MRI background removing

Introduction this regard pre-processing of medical images, like enhance-
ment ( rady et al. O 1), background removing, etc. are

MRI and CT images are widely used in disease diagno- significant tasks. re-processing allows us to deal with
sis ( inetal. O ), segmentation (Osadebeyetal. 0 1 the signi cant parts of the image. ackground-Masking

Ait kourt et al. 018), and classi cation ( hang 0 1).In  is not only useful for medical images but also for other
domains ( Cetal. 0 1 van Eijnatten etal. 0 1). The
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1bis a Histogram e uali ation of Fig. 1a, where the
background sound can be seen. Meanwhile, Fig. 1c is a CT-
scan image, collected from Medica Cancer Hospital, iliguri.
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 si e of the structuring element. If the structur-
ing element has a constant si e, 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 si e, which in most cases
provides e ective results ( on ale and oods 00 ).

Related study

In most of the research work (Atkins and Mackiewich 1998
alan et al. 01 iuetal. 017), 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 rst stage is removing background, which
is termed as  egment Head . This work considers the MRI
background noise has Rayleigh distribution. The Rayleigh
curveis tted into the lower bins section of the histogram, and
a bimodal function is obtained. ext, a threshold T is com-
puted by minimi ing the error term. Finally, a static morpho-
logical operation is applied to remove the noise completely.
iu et al. ( 017) 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

(left to right)

outer contours, which have more area value than an empirical
constant (A), are chosen and then lled. Finally, the targeted
mask is obtained from the union of the lled outer contours.
alan et al. ( 01 ) proposed a histogram analysis
approach to remove the background along with the skull.
For background masking, a single aussian curve is tted
over 8 % area of the histogram curve. Then this method
nds the maximum divergence point between the histogram
and the tted curve, considering as threshold. Further, the
input image is binari ed using that threshold. ext, a static
morphological operation is applied to remove misclassi ed
areas. Here components with an area of fewer than 00 vox-
els are considered misclassi ed areas. The nal head mask
is obtained by performing a hole- lling operation.

A simple approach was proposed by Mol et al. ( 018).
This approach rst applies gradient-based thresholding using
the obel mask to obtain the binary image, Then ilates
the binary image using hori ontal and vertical at structur-
ing elements of 3-pixel si e. After that, the hole Iling
operation of the ilate 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. hu et al. ( 01 ) proposed
a method to remove the patient table from CT scan images.
This approach rst transformed the image into sagittal view,
where the patient table looks like a straight line. Thereaf-
ter the sagittal image is binari ed with empirical threshold.

ext, the vertical edges are identi ed using obel opera-
tor. Finally, Hough transformation is applied with angle and
intercept to determine the tabletop.

On the other hand, Chen et al. ( 01 ) have presented a
real-time approach for patient table removal using a paral-
lel programming environment. Here also, the input image
is binari ed using Otsu s threshold. Then, the hole- 1ling

(c)

la, ¢ A CT scan image with patient table










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> 360°
Ihd
Id (Xca yc)
0)

1 y_yc
X=X

6 =tam ()

Then for a particular angle 6, the only co-ordinate has been
, considered which holds minimum distance from centroid
X
E .7

2 2
XY =Xg:Yp - Xg =X+ Yo=Y )

where, x4 and y, are the setof and  co-ordinates that cre-
ates angle 8 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 re uired

Algorithm 3.2: Initial Head Mask Generation
Input: ROI Image Iroy
Output: Initial Mask Iy

1 Obtain Binary Image Iy from ROI segmented image (Iro) )

2 Find the Biggest Connected Component (Ig ) from I

3 Setz=0andn=1

4 while n =1 do

5 Set np =n, x = x + 1 and Structuring Element (se) = disk(x)
6 Do Erosion Iy = Ig & se

7 Set n = No. of connected component in I; if n > np then

8 ‘ T ==

9 else
10 L z =1

11 Set Structuring Element se = disk(x )

12 Do Erosion I = Ig © se

13 Find the Biggest Connected Component (Ig ) from I

14 Obtain Hole Filled Image Ity by performing hole-filling operation on
Ie

15 Do Dilation Iy = Ig @ se

Mask boundary correction and final mask
generation

ometimes 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
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the centroid. In this regard the threshold T is determined
using E . 8.

T = Dppean — Di_% ) ®)
where, Dyqqn 18 the average Euclidean distance from cen-
troid and D; is the corresponding Euclidean distance from
centroid to paint at ith degree.

For the discontinuous skull area there will be no cor-
responding point at the boundary. o 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 E . 9

y—Y1 _

X —X;
Yyi—Y2 Xi—Xp ©)

where, (X1, y1) and (X , Y ) are the co-ordinates of rst and
second boundary points respectively.

After getting the nal corrected boundary co-ordinate
points, the corresponding polygon is lled (I,) with white
pixel, and the nal mask (ly)ask) is obtained by performing
element-wise multiplication between lled polygon (l,) and
double Otsu s threshold binary image I, (Fig. ).

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 ( E), Jaccard coe cient (JC),
sensitivity (), speci city () and signal to noise ration
( R). Here, for a ground-truth-image and a segmented
image , volume error ( E) (Mandal et al. 018) speci es
the di erence of volume in respect of total volume of ground
truth and segmented volume as de ned below

_2x §-G

VE =
S+G (10)

Jaccard coe cient (JC) metric ( alanetal. 01 ) is another
important measuring unit, which measure the similarity
between ground truth image ( ) and segmented image ( )
using the following E uation

SNG

iC = .
SUG an

Algorithm 3.3: Mask Boundary Correction and Final Mask Gener-

ation

Input: Initial Mask Iy
Output: Final Mask Iyask

1 Obtain Boundary Image (Ipg) of Initial mask Iy
2 Set n = co-ordinates (X,Y), (zc,yc) centroid of boundary image Ipq

and p=1
3 while p <n do

4 Compute 6 for (xp,yp) using Equation-6 and Euclidean distance
(Dp) from centroid (zc,yc) to (zp,Yp)

5 Set i =0
6 while 7 < 360 do

7 Find (zi, ) and corresponding Dj; from all the co-ordinate points

2
if T < D; then

having 6 = ¢ such that Dyy is minimum
Set T = Dmean — || D — Bmsn—

10 ‘ Save (zj,y) as correct boundary point for angle i

11 else
12 L Discard (zi, 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 X Ip

13
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01 ) computes how
accurately an algorithm recogni es the true head area as
de nedbelowinE . (1 ).

TP
N= T )
where, T is number of pixels correctly classi ed as head,
F is number of pixel incorrectly classi ed as non-head.
Further, speci city () metric shows how accurately an
method correctly identify the non-head objects. The math-
ematical e uation of speci city metrics is given below

o TN
FP + TN
where, T is number of pixel correctly classi ed as non-

head, F is number of pixel incorrectly classi ed as head.
astly, signal to noise ration ( R) shows amount of

error present in the segmented image ( ) compared to the

ground-truth-image (). And, the corresponding e uation

to measure R is as follows
SNR = 10x | %12 (G
= X 10919 m.n .
ije1 Sij — Gij

here mand n represent the row and column of the image.

MRI
Qualitative assessment

The roposed work is compared with Atkins and Mack-
iewich (1998), iu et al. ( 017), and Mol et al. ( 018).
To depict the comparison, 10 images from each datasets,
RAT (Men eetal. 01 )Fig. aand TCIA (Clark et al.
013) Fig. a) are taken . The RAT dataset images are
in axial anatomical plane and skull stripped. On the other

Image Width(N)

A~
12

E 2N 5

E /// \\

|

o

E:( { J

O \

N/

EZ

b
and b also shows the corresponding manually segmented
ground truth images.

In the case of RAT slices, the algorithm of Atkins and
Mackiewich (1998) e ectively removes Rayleigh distributed
white noise from the background and can generate the best
suitable corresponding mask outputs (Fig. c¢). However, For
TICA slices this algorithm indulges with under segmenta-
tion (Fig. c).

iu s approach ( iuetal. 017)isane cient techni ue
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. d). Moreover, in some
cases RAT slices, this method generates a mask with a
rough surface (Fig. d).

On the other hand the method Mol et al. ( 018) 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. e,

e). esides all of this, it uses some static-si ed morphologi-
cal operator for all types of images.

However, the proposed method does not comply with the
desire for the RAT dataset (Fig. 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 uite well except
for one ( th of Fig. f), where the jaw portion has been
stripped by the proposed method.

Quantitative assessment
The volume error ( E) and Jaccard coe cient (JC) test

results for MRI images in respect of manually segmented
ground truth images has been given in Table 1.




of iuetal. ( 017), e output of JR Mol et al. ( 018), f output of the proposed method

1998) (=~ 0.97
gives the highest volume error (= 0.08
018). here the proposed method and
iu et al. ( 017) method gives very much similar (= 0.020  (~ 0.97)

1998) gives highest accuracy with

(~ 0.9)

1998), d output




Table 3 R of MRI

Image RAT R
Atkinss  uis
1 19. 1.
19.9 11.0
3 18. 9.
0. 19.
18. 11.1
13.3 10.1
1.9 9.
8 13.9 10.7
9 10.3 8.7
10 11 10.
Avg 1.9 11.
). For RAT images M

Atkins method gives the best balanced pair values (~ 99.&
~ 96.93 (~ 100
~ 91.28
(~ 99.& ~ 97)

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 re uires some improve-
ment for the beginning slices of these planes (e.g., TCIA
and TCIA9). On average this method gives satisfactory
results for TCIA images. hereas, it includes some extra
noises for the skull-stripped RAT MRI dataset.

T

The primary objective of the background removal of CT
scan images is to remove the patient table. Thus in the sub-
se uent sections, the proposed method is compared with
various table removing approaches. The method of hu
etal. ( Ol ) is only dealing with the sagittal plane, which is
very rarely re uired, otherwise, a projection into the sagittal
plane is re uired from 3  slices. More speci c to say, this
method cannot remove the patient table from a 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

uming Chen et al. ( 01 ) and the method of van Eijnat-
tenetal. ( O 1). The uantitative output of uming Chen s
method, van Eijnatten et al. ( 0 1) method, and the proposed
method has been also shown in Tables and . For better
representation, the abbreviation (RTCTR) of uming Chen
et al. method (Chen etal. 01 ) and abbreviation (Reg row)

Image R
R-Mols  roposed TCIA Atkinss uis R-Mols  roposed
1. 139 1 1. 11. 1.7 1.7
18. 13. 11. 1.3 1. 17.7
1.9 . 3 . 17. 3198
1. 17.0 1.1 19. 0.9 0.
1.1 10. 10. 139 1.1 1.
1. 9.9 1.7 13.8 11.8 10.0
11.9 8. 7.8 19.3 1. 17.3
13.1 10. 7.8 1.8 13.0 1.7
10. 8. 9 10. 13. 1.8 1.
11.1 10. 10 8.1 1.8 18.3 13.1
10. 10.9 Avg 11.7 1.0

of Maureenvan Eijnatten method have been used in the fur-
ther subse uent sections.

Qualitative assessment

The comparative outputs for CT scan images are shown in
Fig. 7. Here, Fig. 7a are the 10 sample CT images collected
from Medical Cancer Hospital, iliguri, est bengal, India.
The corresponding manually segmented ground truth images
are shown in Fig. 7b, and the outputs of Reg row, RTCTR
with morphological operator si e 10, RTCTR with mor-
phological operator si ¢ 0 and proposed method is shown
in Fig. 7c f respectively. In RTCTR with morphological
operator si ¢ 10, none of the cases completely remove
the table structure.  hereas in RTCTR with morphological
operator si ¢ 0, in only one case (8th image of Fig. 7d)
the patient table has been removed out of 10. esides this,
the Reg row method successfully removes the table struc-
ture from each reference image, but in most of the cases
(e.g. nd, th, th, th, and 7th images of Fig. 7e) this
method is unable to retain the complete head structure. Fur-
thermore, in thand th image of Fig. 7e, the initial 50 x 50

and tells the same story.

Here, all the uantitative gures are rounded o and pre-
sented in percentages except R which is presented in db.
For all reference CT images, the proposed method returns

a minimum volume error (Table ) compared to all other
reference methods except one (Image CT8). Though the
di erence is not at much (approx 0.3%). The average volume




(b)

(

a)

Q ' E u
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0 1), (f) Output of

the proposed method

For all instances, the R of the proposed method is very
- impressive compared to the other methods. On average the
proposed method gives 13 db R, whereas all other com-
paring methods are not able to cross the -unit line.
If we only compare it with speci cation () or sensitiv-
), ity (), then it remains incomplete and less signi cant.

whereas RTCTR was only able to achieve 1.3-— 3. %. Here
also, the proposed method beats all other comparing meth-
ods except Case-8.

On the other hand, a relative sensitivity-speci city measure-
ment presents a better comparative result. Figure 8 shows
the relative speci city sensitivity measure. Here, RTCTR
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