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Abstract: Computer-Aided Diagnostic methods demand the precise segmentation of medical

images. The important stage in diagnosis is the extraction of the Region of Interest (ROI).
Illustration of the image in a more meaningful way is the aim of segmentation. Segmentation
finds extensive use in computer vision, object recognition, image recovery based on the
content, etc. In the proposed model, Slope Variation Scatter (SVS) plot of image is obtained
to compute vertices of Neutrosophic Gaussian Function (NGF). The SVS describes global
variation rate of image histogram. In this, the crests represent local mean of pixels/ certainty
mean and valleys represents uncertainty mean. A novel NGF is membership function
designed to convert abdominal Computed Tomography (CT) to Neutrosophic Subsets (NS).
The NS comprises of object, nonobject and edge subsets. The Object Subset (OS) represents
liver or kidney, Nonobject Subset (NOS) represents background of liver/kidney and Edge
Subset (ES) represents edges of liver or kidney. The proposed model is experimented on 106
abdominal CT images to segment the liver and kidney accurately. The experimental
outcomes are compared with Fuzzy C Means algorithm (FCM), show that the anticipated
framework is proficient of segmenting an intended organ automatically and precisely. The
proposed model achieves average accuracy, Relative Volume Difference (RVD) and Dice
Similarity Factor (DSF) for liver are 91.01%, 8.23% and 89.61% respectively. The average
accuracy, RVD and DSF for kidney are 91.11%, 5.96% and 91.45% respectively.

Keywords: Neutrosophic Set, Slope Variation Scatter plot, Segmentation, Neutrosophic

Gaussian Function, Computed Tomography, liver segmentation, kidney segmentation.

1. Introduction

An essential stage in image processing is image segmentation, which separates an
image into distinct areas having similar attributes such as colour, texture, pixel intensity,
edges, etc and confiscates objects of interest that usually is called Region of Interest (ROI) [1,
2]. As a result, the process of image segmentation is adopted to fix the boundaries to objects.
It results in each pixel in an image being given a unique label [2]. The image is renewed into

identifiable data structure through image segmentation. It also targets feature extraction and
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parameter measurement, which simplifies advance image analysis. The advance image
analysis is essential in the many more fields like military [8], remote sensing [6], industrial
automation [9], transportation [3, 4], medicine [5], communication [7], military [8], etc.

In medical field, segmentation has grabbed lot of attention since they are used in
treatment planning, lesion location, anatomical structural research, estimating disease
likelihood, disease diagnosis, surgery planning, carry out virtual surgical simulations, organ
development study, functional mapping, clinical measurement [14], etc. Image segmentation
reduces redundant information and facilitates object visibility [10]. The image analysis is
straightway impacted by superiority of image segmentation [11]. To diagnose and to choose
appropriate therapy, image segmentation has proven to be one of the most useful technologies
available to medical practitioners. It is anticipated that adaptive algorithms will support and
ease the process of making medical decisions.

In the last forty years, various image segmentation algorithms/models were designed.
But still the topic is open for obtaining a single segmentation algorithm/ model which can be
applied on all types of images to achieve accurate segmentation. It is sometimes hard to
predict which segmentation algorithm is better for a specific object segmentation. This is due
to different imaging characteristics, variances in the patients under consideration, small
differences in the task being addressed, and variations in the validation metric [12]. Medical
segmentation is the complex field in image processing because variations in light and
distance are two irregular circumstances that might be present in medical images while
acquiring the image. Additionally, the resolution of the images may be low, which complicate
the identification of minor lesions [11]. Medical images may also include hair, reflections,
and shadows, all of which might make it difficult to distinguish and analyze lesions. In
addition, in medical images, variations in brightness, illumination, movement of patient in
capturing the images, etc. make image unclear. Also, biomedical images may be blurry
because of inheritance characteristic of image acquisition device and due to movement of
patient, which affect the quality of image [13]. Since biomedical images are fuzzy, edges are
not crispy, tissues are soft and have the same pixel intensity, etc. make the segmentation
process very complex. Because of these issues and variations in tissue distribution among the
human population, segmentation findings need to be interpreted with some degree of
ambiguity. As a result, medical image segmentation can be thought of as an unsolved
problem.
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The automatic segmentation techniques can be classified as supervised and
unsupervised. Supervised techniques are one which require the contribution of an operator
throughout the process of segmentation while unsupervised techniques usually operator
contribution only after accomplishment of segmentation process. Unsupervised techniques
are desired to produce replicable outcomes. Whilst operator contribution is still necessary for
error rectification in the incident of an unsatisfactory outcome.

A Fuzzy Set (FS) defines only two values, “true” and “false” which is sometime
difficult to handle real life difficulties [16]. The extension/generalized form of Intuitionistic
Fuzzy Set is Neutrosophic Set (NS) which is a burgeoning tool to handle real life problems
like human thoughts [16], medical image analysis [15], etc. The NS deals with ambiguity,
inconsistency, and uncertainty for computation and decision making. The NS consists of
three membership function named as Object Subset (OS) or true subset, nonobject subset
(NOS) or false subset and indeterminacy subset or Edge Subset (ES) which are independent
entities. For all real-life decision-making problems, NS is more flexible and efficient since it
assigns the same weight to the indeterminacy subset as it does to OS and NOS. NS is also
versatile because in addition truth components, it can accommodate indeterminacy and false
components, whereas FS cannot handle with all these. Because of all these reasons, NS has
many practical applications in various fields like image processing, decision making, data
mining, block chain, marketing, medicine, strategic planning, etc [17].

Transforming the image pixearevalues into NS using neutrosophic functions or
membership functions (MFs) is called as neutrophication process, predominantly considering
indeterminacy values that result from nebulousness. It has become customary to confine the
MFs to well-known formats such as sigmoid, standard Gaussian, trapezoidal, and triangle
forms [17]. Developing MFs is a crucial effort for Neutrophication process as the MFs
determine the success of an approach. The method in which ambiguity and vagueness are
handled in software metrics is aided by the theory of neutrosophic system. Using MFs in an
expert system inside a neutrosophic environment definitely answer the problem’s uncertainty.
Commonly used MFs in real time are S/Z-shaped, trapezoid, triangle, gauss, and bell-shaped.
Chosing proper MF for specific application is tricky and deciding factor for success of
neutrophication process.Neutrosophic Gaussian Function (NGF) provides low computational
complexity. For this reason, a novel NGF is designed to convert CT images to its NS domain.
The NGF parameters play key role in defining the MF and accuracy of transformation.
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we are exploiting Slope Variation Scattering plot of image which directly describes
the pixel variation rate of image histogram. The crests represent the mean/certainty level of
local pixels and valleys symbolizes uncertainty mean. The valleys can be taken as thresholds
to eliminate background or crests values can be taken to separate objects from the
background.

Segmenting spleen, kidney, liver, etc. from abdominal CT scan is most demanding as
well as complex task job in Computer Aided Diagnostics system since organs are complex in
shape, organs are close to each other, have same pixel intensity level, etc. Because of these
reasons many segmentation algorithms fail to segment precisely. This motivated us to
propose a novel model based on SVS and NS theory which accurately segments the intended
organ from abdominal CT scan automatically and precisely.

The article is organized as follows. Section 2 describes literature survey, section 3
explains proposed model, section 4 illustrates experimental results, section 5 depicts
quantitative analysis and last section is about conclusions.

2. Literature Survey

Panimalar et al [18] used haar wavelet transform on NS to denoise the image. The
level of indeterminacy of image is obtained using NS entropy. The proposed method is
compared with commonly used denoising methods like median and wiener filter, providing
better quality image. Thanikachalam V [19] et al proposed accurate NS segmentation with
Optimal Deep Brief Network Model for diagnosis of Diabetic Retinopathy (DR). The DR
dataset was utilized for experimentation, providing promising outcome compared to existing
technique. The NS theory provides indeterminacy present in image with high efficacy. This
property was utilized by Talouki AG et al [20] for image completion to fill holes and
decrease intensity ambiguity in the image. The dental radiographic image was mapped to NS
domain by Datta S [21] et al to acquire initial segmentation of ROI. The ROI was amended
by FCM algorithm to obtain accurate outcomes. The model has been evaluated on publically
available dataset with the accuracy of 93.2%. Ziyun Wang et al [22] proposed U-NET which
includes expectation maximization attention mechanism to segment kidney and its tumour.
This model is implemented on kits19 dataset reaching dice coefficient of 0.95 and 0.83 for
kidney and tumour segmentation respectively.

Liver is one of the difficult organs to separate from the abdominal CT scan because
edges are not clear. Sangeeta et al. [23] converted CT image to NS and morphological

operations are utilized to detach liver image from CT scan and Fast Marching Method
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(FMM) is exploited to mark edge of liver. Sangeeta et al. [24] combined advantages of NS
domain of abdominal CT scan image and Chan-Vase algorithm to acquire specific liver
image. Sangeeta et al. [25] proposed accurate liver segmentation algorithm using
Expectation-Maximization (EM) with optimal quantity of clusters (K). The K value is
accomplished by finding mean of all local peaks which delivers minimum and maximum
thresholds to detach liver from CT scan using threshold-based segmentation. Statistics of
pixel intensity distribution was studied to obtain threshold values to isolate liver from CT
scan by Sangeeta et al [26]. The liver edges are corrected by improved chain code and
Bresenham pixel interconnection approaches. This delivered an exact liver image. Wang Z
[27] proposed new model based on Slope Difference Distribution (SDD) of image to find the
thresholds to separate two or more objects in the image. The maximum True Positive
computation for cells as 93.4%. Wang Z et al. [28] anticipated novel segmentation model
based on non-iterative clustering approach. The model was applied on fuzzy image to isolate
fuzzy object unerringly. Wang Z [29] et al. achieves shape features of object as sparse
characteristics using SDD. In this paper, minimum distances between SDD are utilized to
recognize the object. Sangeeta et al. [30] achieves accurate threshold values by SDD features
of liver image. By applying these, liver image is separated from CT scans precisely.
Subsequently FMM is used to put outline for liver image in CT scan image. Nayantara et al
[31] proposed Deep Learning framework in combination of leaky ReLU layers and SegNet to
extract intact precise liver image from CT scan dataset. This framework achieves Dice
Coefficient of 96%. Zhang et al [32] anticipated a novel Deep Learning model which extracts
circular regions to detect hepatic steatosis to obtain exact liver image from abdominal CT
scan with 95% confidence interval. Leube et al [33] anticipated automated kidney
segmentation from CT images. In this, two types of segmentation are performed initially.
First segmentation is performed on CT images and is called as detail segmentation; second
segmentation is performed on PET images, and it is called as coarse segmentation.
Subsequently, 5 different UNET is implemented to obtain final kidney segmentation. The
framework is performed on 20 different patients. Cao et al [34] designed automatic kidney
segmentation network based on deep neural network. This integrates decoding module and
multi-scale spatial perception module. This achieves precision of 98.52%. Prashanta et al [35]
proposed modified breadth first algorithm for finding shortest path (SP) for connected
networks in neutrosophic environment. In this article, neutrosophic edge length is

transformed to crisp edge lengths to find SP. Rajesh et al [36] suggested a model to handle
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multiple criteria and ambiguous data. To implement this, Pythagorean NS Theory is designed
to provide beneficial tool for decision-making in selecting a partner. Ivan et al [37] utilized
neutrosophic logic in decision making for disease prevention program and health promotion.
The aim of the proposed model is to use neutrosophic logic in resource allocation effectively
in ambiguous condition in the field of public health. Srinivasan S et al [38] designed
combined endeavour of multidimensional Convolutional Neural Network (CNN) and UNET.
This framework is implemented on dermoscopy images to segment skin lesions. The
proposed model shows better performance compared to traditional UNET. Shahat et al[39]
proposed combined venture of NS theory and optimization algorithms to segment brain CT
images. Neutrosophication operation is performed using S membership function providing
precise segmentation results. Mostafa et al [40] addressed noise and ambiguity present in
medical images. The authors have designed different types of filters based on NS theory to
remove noise in X-ray images.

3. Proposed Model

The proposed model is presented in two parts. In part 3(a), calculation of Slope
Variation Scatter (SVS) of the object image is obtained to formulate parameters of NGF and
in part 3(b), CT scan image is transformed to NS domain to acquire accurate segmentation of
an object image from the source image.

3(a) Formulation of parameters of NGF from SVS of image.

The SVS was first defined in [43] by Wang Z to obtain threshold to segment the laser
line. The SVS describes global variation rate of image histogram. The crests represent the
local mean/ certainty mean of pixels and valleys represents uncertainty mean. The valleys can
be taken as thresholds to eliminate background or crests values can be taken to separate
objects from the background. The SVS of object histogram is defined as rate of variation of
pixel scattering and is designed as follows.

Step 1: The abdominal CT scan image is converted to grey scale and resized to 512X512 and
assumed to be having Gaussian distribution.

Step 2: Crop small part of object (may be liver/ kidney/ spleen) to find its SVS.

Step 3: Compute normalized histogram scattering Pn(X) by following formula.

Pyx=i)=—-,i=0....... 255 (1)

n

Where n; représents the frequency of the pixel value i, and highest frequency that ensues at |
in the interval [0 to 255] is indicated by n;.
Step 4: A noise-removal filter based on the Discrete Fourier Transform (DFT) is utilized.
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(a) The normalized histogram scattering is converted into frequency domain by the
DFT as follows.

— j2TTHx

255
F(H) =Y P(X)e = , H=0,....255 2
x=0
Where F(H) (H=0...... 255) corresponds Fourier Transformation (FT) of the
normalized histogram scattering Pn(X).

(b) The high frequency components from 20 to 255 are eliminated and low frequency
components are retained as follows.

F(H;H=0,1,.....19
F'(H)y=<{ F(H);H =235,...255 (3)
F(H);H =20,21,.....234

Where F’ (H) (H=O0....... 255) represents the filtered FT of P(x) by applying Low Pass filter
of bandwidth (BW) of 20. The trial-and-error analysis is performed on large CT scan dataset
yielded BW=20.

(c) Subsequently, frequency domain of an image F’ (H) is converted to spatial domain
by using equation (4).

: 1 255 , .
=D F (H) i
P T ,%F e x=0....... 255 4)

Py () is smoothed histogram scattering.

Step 5: Every point on P. ()  two slopes are computed: one on the left and second on the
right to compute Slope Variation (SV). The N adjacent points on each side are fitted into a
line model to calculate slope values as follows.

v, =ax;+b, i=12........ N (5)
Where a and b are coefficients of fitted line and they are calculated by following equation.
[a,b]T = (cTC) ™Y (6)

Cand Y in equation (6) is obtained by following equation (7) and (8).

x(1) o1 i

e .
x(N) i1 il

Y = [ Vareeeennnn v, 1" ®)

where (i, yi); i = 1, 2, .. ., N is the coordinate of the i point on the filtered data. In this

article, the value of N is chosen as 20.
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Let a,(i) and a,(i) are two slopes at i point on right-hand and left-hand side

respectively. The Slope Variation (SV) at i point as computed as follows.

SV(i)=a, (i) —a,(i).....where  i=N+L.... 255 ©)

Here SV (i) indicates SVS of object. The crests and valleys are computed by equating
the derivative of SV (i) to 0. The crests C; where i=I......... nc and valleys Vi where
i=1...... ny, with largest local variation in SVS are obtained. The crests symbolize to certainty
of pixels values in the object and valleys symbolize to uncertainty pixel values in the object
region.

Step 6: Find pixel values which is having highest crest which corresponds to centre (cent) of
NGF. Consider two pixel values whose crests are placed on left-hand side of cent named as
x1 and X2 and two pixel values whose crests are positioned on right-hand side x3 and x4. Now,
(X1, X2, cent, X3, Xs4) are parameters of NGF to convert the image to the NS domain. The NGF

and its parameters are described in figure 1.

3.2 NS framework:

The word “Neutrosophic” is combination of two Latin words, “neuter” means
“neutral” and “sophia” means “wisdom”. This theory wisely and accurately finds
indeterminacy in fuzzy images. NS theory was introduced by Smarandache F in 1999
[42,45] which is commonly used in decision making process [46] in real world problems. In
recent days, NS theory is utilized in fault detection, optimum design, medical diagnosis,
decision making, image processing, computational intelligence, etc. NS has wide range of
applications which covers most of the areas since it deals with vagueness and indeterminacy
[46]. Any image in NS theory consists of three subsets named as (i) Object Subset (OS) or
true Subset (ii) Non-Object Subset (NOS) or false subset and (iii) Edge Subset (ES) or
indeterminacy subset. The given image is transformed to NS domain utilizing NGF as

follows.
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Figure 1: NGF Graph

Step 1: Compute Object Subset (OS) and Non-Object Subset (NOS) using novel SMF as
follows.

{ 0 Ay <Xy
[ S
i el S I = -
S Xy A, Txp  LELE
(App—xy) o sz
1— # i X, = A, <cent i i
05(x,¥) = (A, x,,%,, cent, xz,x,) = { LT (10)
1——5—= i ecent<A, <xg Li ii
|_r4—_r!_:| AW
(A — :|: e e e
i . B <
) Xy S A, <xg i L
\ 0 L A, = xy .
NOS(x,y) = 1— 05(x,y) (11)

OS represents the degree of being object pixels, and NOS presents the degree of background
pixels.
Step 2: Edge subset is obtained as follows.

(a)Let A (x, y) be pixel intensity value at (x, y) and A(x,y) represents local mean.
AF(I,}’) — %Zm =i+w/2 Z:z:i+u:,.-'2 }1(]'?1, 1‘1) (12)

Where w is size of sliding window. Le e(x, y) as absolute value of pixel intensity at A (x, y)
and its local mean A(x,y). Let emin and emax be lowest and highest value of e(x, y) in whole
object image.

(b)Then edge subset (ES) is formulated using equation (13).

ES(x,y) = 22 min (13)
Step 3: Conveﬂr?li1 Trzzaz 0OS, NOS and ES into binary image.

Image segmentation is charactered by homogeneousness of local region. The homogeneity
characteristic of image is obtained by discontinuity of intensity corresponds to the variations
in grey levels and Standard Deviation (SD) which describes dissimilarity within local region.
The homogeneousness is characteristics of foreground and background, while hazy

boundaries are slowly varying from foreground to background. The homogeneousness value
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of boundary is lesser than foreground and background. The window size of DXD cantered at

(%, y) is used for calculating the SD of pixel A (i, J).

| x+|D—'_ y+(D-1)/z

3 Bl - B AT
sD (:-T;F] | m=x— |D 1)/z “'n=y |"D 1z Miyy (14)
J -
Where mu,,.average of intensity is values within window and determined by equation (15).
Ex+|ﬂ‘—'| z E_} |D 1)z A
IHIL_Y} — F=X—| [D-1y/2 —(D—179/2Fq (15)

The edge values are obtalned by discontinuity of pixel A (i, j) which is calculated by Sobel
operator.

E,(x,y) = JAZT A2 (16)
Where Ax corresponds to horizontal derivative and Ay corresponds to vertical derivative.

Now, homogeneousness characteristic can be defined by equation (17).
HO(x,y) =1-—252 (17)

mﬂngmﬂx
Where SDmax=max {SD (X, y)} and Egmax=max {Eg(X, ¥)}. The Edge subset ES (x, y) is
represented as
ES(x,v)=1—HO(x,y) (18)
The value of ES (X, y) hasarange of 0to 1
Step 5: Method to compute value of

(1) (@) mini = smallest {largest values of every column in Edge Subset (ES)#0}
(b) a will take any number which is any value less than or equal to mini.
(if) NS of image is converted to binary i.e.
The NS of image is converted to binary. O (x, y) is binary form of OS (X, y), E (X, y) is
binary form of ES (X, y) and B (X, y) is binary form NOS (X, y) and these are obtained by
equation (19), (20) and (21) respectively.

(1 05(x,y) =05,,ES(x, v] <@ inofE i i
OGN o athers 1 pi o BommE D T D 19)
E(x v)_{ 1 05(x,y) < 05, VNOS < NDSI,J,,ES[:( yv)za i i (20)
0 others i [ i L3 Li i LI L3 £ Li Li L L
B(x v)_{ 1 NOS(x, u):r-m:rs,,, ES(x,y)<a i: 21)
0 others % % i TE IEOIE IE IR I
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Figure 3: Demonstration of Slope Variation Scatter (SVS); (a) Cropping random section of liver; (b) SVS
of liver image; (c) Cropping arbitrary section of kidney image; (d) SVS of kidney image.

Perform morphological operation on edge image to achieve exact output. The framework of
proposed model which is combined endeavour of SVS and NS theory to separate intended
object from CT scan images is shown in figure 3.
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Read the CT scan image

Crop random section of object eg: liver/kidney
Normalize histogram scattering of cropped
v
Remove noise using DFT based filter
¥
Formulate SVS of histogram
Obtain list of crests and valleys
Obtain parameters of SMF
Convert image to NS domain
v

Compute thresholds for OS and NOS

OSwmn l NOSw

Obtain OS, NOS and ES in Binary

v

Perform morphological operations to get object
subset only

Figure 3: Framework of proposed model

4. Experimental Results

The database for trial and testing contains 106 patients CT scan images collected from
M/s Hubli scan centre, Karnataka, India. The images are in colour format of size 1019 x 682.
Figure 2 illustrates SVS of randomly cropped liver and kidney image from which NGF
parameters are decided. Figure 2(a) and (b) illustrate cropping liver and kidney image from
CT scan respectively. Figure (b) and (d) describe SVS plot of liver and kidney respectively.
In figure 2(b) and (d), x-axis represents pixel value from 0 to 255; y axis represents
normalized pixel density, lilac describes original histogram; whereas sky-blue represents
smoothed histogram; Persian Blue exemplifies SVS, the Persian Blue cross corresponds to

crest values, red circles on x-axis represents valley value; green indications derivation of

SVS.
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Figure 4 illustrates experimental results on CT scan to segment the liver. Figure
4(al),(a2) and (a3) represent CT scan images, 4(a4),(a5) and (a6) demonstrate cropping
arbitrary section of liver, 4(a7),(a8) and (a9) show SVS of object image; 4(al0),(all) and
(a12) show OS of image; 4(al3),(al4) and (al5) illustrate NOS of image; 4(al6),(al7) and
(a18) show ES of image; 4(al9),(a20) and (a21) represent segmented liver image from
abdominal CT scan; 4(a22),(a23) and (a24) show outline marking to liver in CT scan image;
4(a25),(a26) and (a27) show segmentation results of FCM.

Figure 5 illustrates experimental results on CT scan to segment the kidney. Figure
5(b1),(b2) and (b3) represent CT scan images, 5(b4),(b5) and (b6) demonstrate cropping
arbitrary section of kidney, 5(b7),(b8) and (b9) show SVS of object image; 5(b10),(b11) and
(b12) show OS of image; 5(b13),(b14) and (b15) illustrate NOS of image; 5(b16),(b17) and
(b18) show ES of image; 5(b19),(b20) and (b21) represent segmented kidney image from
abdominal CT scan; 5(b22),(b23) and (b24) show outline marking to kidney in CT scan
image; 5(b25),(b26) and (b27) show segmentation results of FCM.
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(a25)

(a26)

(a27)

Figure 4: Experimental results of proposed framework for liver segmentation from abdominal CT scan
(al),(a2) and (a3) represent CT scan images, (a4),(a5) and (a6) demonstrate cropping arbitrary section of
liver, (a7),(a8) and (a9) show SVS of object image; (al0),(all) and (al2) show OS of image; (al13),(al4)
and (al5) illustrate NOS of image; (al6),(al7) and (al8) show ES of image; (al9),(a20) and (a2l)
represent segmented liver image from abdominal CT scan; (a22),(a23) and (a24) show outline marking to

liver in CT scan image; (a25),(a26) and (a27) show segmentation results of FCM.
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(b25) (b26) (027)

Figure 5: Experimental results of proposed framework for kidney segmentation from abdominal CT scan
(b1),(b2) and (b3) represent CT scan images, (b4),(b5) and (b6) demonstrate cropping arbitrary section of
kidney, (b7),(b8) and (b9) show SVS of object image; (b10),(b11) and (b12) show OS of image; (b13),(b14)
and (b15) illustrate NOS of image; (b16),(b17) and (b18) show ES of image; (b19),(b20) and (b21)
represent segmented kidney image from abdominal CT scan; (b22),(b23) and (b24) show outline marking
to kidney in CT scan image; (b25),(b26) and (b27) show segmentation results of FCM.

5.Quantitative analysis

The segmentation model with high efficiency and minimal bias are key objectives in
surgical planning which will directly impact the results. Hence quantitative estimation of
image segmentation model is crucial.

5.1 Accuracy (Acc)

Segmentation accuracy analyses the deviation between annotated image and
segmentation predicted image. In this paper, annotated image is approved with the manual
segmentation image under supervision of medical practitioner [43]. The similarity between an
annotated image and algorithm predicted image reflects the accuracy (Acc). The accuracy
measure is calculated as shown in Eq. (22) [48]. The accuracy for liver and kidney for
proposed model and FCM is shown in figure 6 and 7 respectively. Acc will be one if
segmentation is perfect. As Acc moves away from one denotes deviation of segmentation.

correctly classified pixels
Acc = = , *100 (22)
Total number of pixels
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Figure 6: Evaluation of proposed framework and FCM for liver segmentation using Acc.
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Figure 7: Evaluation of proposed framework and FCM for kidney segmentation using Acc.

5.2 Relative Volume Disagreement (RVD)

The specific RVD exists between 2 images SEGaLc and SEGer is given in per cent and
defined as.

RVD=100*(|SEGaLc-SEGcT|)/SEGeT (23)
with SEGaLc as image segmented by proposed algorithm and SEGeT as ground truth image
[37]. A score of 0% indicates that the two areas completely overlap. A comparison of the
suggested model with FCM algorithm using RVD for liver and kidney is shown in figure 8
and 9 respectively.
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Figure 8: Evaluation of proposed framework and FCM for liver segmentation using RVD.
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Figure 9: Evaluation of proposed framework and FCM for kidney segmentation using RVD.

5.3 Dice Similarity Factor (DSF)

The similarity of two objects is also evaluated by DSF. In this evaluation technique, Dice’s
coefficient needs to be calculated to evaluate similarities [47]. DSF is defined as

DSF = 2# [SEGa e NSEGer)/[SEGa e — SEGer <100 (24)

where SEGaLc and SEGgrT are the segmented and ground truth, respectively. The DSF values
are in the 0-100% range. When the value is near 0%, it represents less or no similarity
between the segmented and ground truth regions. If the DSF value is near 100%, then the
segmented and ground truth regions are more similar. The DSF for liver and kidney for
proposed model and FCM is shown in figure 10 and 11 respectively. The tabulation of
average accuracy, RVD and DSF for liver and kidney is shown in table 1.
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Figure 10: Evaluation of proposed framework and FCM for liver segmentation using DSF.
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Figure 11: Evaluation of proposed framework and FCM for kidney segmentation using DSF

Table 1: Comparison of average accuracy, RVD and DSF for liver and Kidney of
proposed model and FCM

Evaluation .. gyp  DSF
Metric
Proposed Model
Liver 91.01% 8.23 89.61
Kidney 91.11% 5.96 91.45
FCM
Liver 71.58 66 57.02

Kidney 57.13 61.11 52.02
Conclusions

In this paper, the combined endeavour of two mathematical tools is used to obtain the
accurate biomedical object segmentation. The first mathematical tool is Slope Variation
Scatter plot of intensity variation of object image is obtained. The crests in the SVS provide
mean pixel values in the objects. Using Crests present in the SVS, a novel NGF is proposed
which converts medical image to NS domain. The NS is a dreadful mathematical tool that
illustrates degree of truth, false and indefinity that must be considered as independent event
in real time. The proposed model is experimented to separate liver and kidney from the CT
scan image accurately. It is observed that results using anticipated framework is far better that
Fuzzy-C-Means algorithm.
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