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Abstract: Lung cancer is one among the primary wellsprings of disease passing, worldwide and even more particularly in India. As the
symptoms of the lung cancer can't show explicitly, early disclosure of lung tumor is enchant; the endurance pace of lung disease is more,
if it is found early. To propel the early finding of lung tumor, the patient should insight screening quickly after the secondary effects are
taking note. In this paper, a construction for risk seriousness expectation of lung cancer is proposed to further develop the forecast
exactness of the lung tumor. To improve the nature of the image and to remove the commotion by proposed Profuse Grouping Algorithm
for Image Denoising. After completion denoising stage, the denoised images are tested with Enhanced k-nearest neighbor method for
detecting the cancer. To increase the segmentation process Advanced Classification and Regression Tree algorithm is used to segment
the lung cancer properly. At last, Fuzzy logic method has been used to find the detection level of the lung cancer and to identify the risk
severity of the lung.

Keywords: Classification and Regression Tree, Detection, Fuzzy Logic, K-Nearest Neighbor, Particle Swarm Optimization, Profuse
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1. Introduction

In image processing concept pre-processing [1] stage is a
significant stage in various functions such as classification
strategies, image denoising techniques and etc. In recent years
pre-processing and super pixel classification has improved among
numerous scientists. The nature of the image is impacted by
various antiquities like non-uniform power, varieties moving,
shift what's more clamor. So the picture is handled by specific
strategies like thresholding, histogram adjustment and so forth, to
eliminate repetition present in the checked pictures without
influencing the elements of the picture in the discovery of lung
cancer [2]. The attractive reverberation imaging (X-ray) [3] result
can be used to make images of any piece of the human body and
it gives a useful and easiest way for identifying the different
cancer. Computer aided design framework helps the doctors to
take choices and goes about as a 'second per user' in the analysis
of diseases. Of the current imaging modalities, Computed
Tomography (CT) is a clear cut one dependent on exactness [6].
In the information mining, K Nearest Neighbour is one of the top
most calculations for order. The methods like order and
identification are utilized generally utilized in the clinical
imaging, for the most part in the Lung cancer order and
identification [5]. In the clinical field, the difficult task is the 1D
of the underlying stage lung disease [4]. For the underlying stage
recognition of cancer patients, the mechanized cancer, finding
framework depends on the Al is more significant than others.

! Assistant Professor, Department of Computer Science,

Bishop Heber College (Autonomous), Affiliated to Bharathidasan
University, Tiruchirappalli — 620017.
thamilselvan1987@gmail.com

ORCID ID : 0000-3343-7165-777X

2. Literature Review

Firmino et. al. [16] proposed computer aided diagnosis method
for finding cancers in CT lung images. Shankar et. al. [17]
implemented apriori algorithm to find the severity of the
algorithm for predicting risk factors in hepatitis disease.
McRoberts et. al. [18] developed k-nearest neighbor method for
calculating forest biomass for airborne laser scanning records.
Moffy et al. [19] implemented image processing technique for
separting benign and malignant lung tissues. Xu et. al. [20]
anticipated deep convolutional neural network for classifying and
segmenting in histopathological images. Aniket et. al. [21]
developed k-means algorithm for segmenting lung nodules in CT
images. Zou et. al. [22] SLIC superpixel algorithm for
preprocessing and removing the noise from SAR images.
Drouyer et. al. developed Sparse stereo method for hierarchical
image segmentation [23]. Angalaparameswari et. al. deliberated
median filter with canny edge detection algorithm for removing
the unwanted noise [24].

Venkatesan et. al. proposed LMS algorithm for an efficient noise
removal method [25]. Portilla et. al. deliberated wavelet
transform method to scale mixtures gaussian and image
denoising [26]. Yao et. al. developed non-local sparse model with
low rank matrix for denoising the image [27]. Cruz et. al.
implemented convolutional neural network method for image
denoising [28].

3. Proposed Framework for Risk Severity
Prediction of Lung Cancer

In this paper, a framework is to be proposed to predict the risk
severity of lung cancer by utilizing the proposed techniques in the
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image denoising, pre-processing stage [7], order stage [8] and the
dynamic stage. In the picture denoising stage, abundant grouping
calculation is implemented to eliminate the commotion in the
picture. In pre-processing stage, Enhanced K-Nearest Neighbor is
anticipated by hybridizing the K-Nearest Neighbor and Particle
Swarm Improvement. In the order stage, Advanced Classification
and Regression Tree are proposed by hybridizing the CART and
Genetic Algorithm. To predict the risk seriousness of lung cancer,
Fuzzy Logic is utilized in this proposed architecture. The
proposed framework of whole work is shown in below figure 1.

Figure 1. Proposed Framework for Risk Severity Prediction of

Lung Cancer
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4. Proposed Profuse Clustering Technique for
Image Denoising

Image Denoising is a significant pre-processing task before
further processing of the image like classification, clustering,
segmentation, highlight extraction, surface examination. The
motivation behind denoising is to eliminate the commotion while
holding the edges and other itemized includes however much as
could reasonably be expected. This commotion gets presented
during procurement, transmission and gathering and capacity and
recovery processes. To improve the function of image
compression with highest classification accuracy, the each pixesl
are supplanted with super pixels. The main issues in the image
processing applications, the calculation cost is higher in the

preprocessing stage. Without affecting the classification
accuracy, the superpixels have been created by numerous
superpixels calculation yet SLIC provides better result. Still, there
is an enhancements required for superpixels calculation as per
decrease the expense of calculation and limit a

This proposed calculation is made out of Simple Linear
Iterative grouping, K-Means Clustering, Fusing Optimization
calculation. This Profuse grouping calculation is on the
superpixel grouping. In this commitment, an informative picture
is given with white Gaussian commotion. What's more the
underlying superpixel is by Simple Linear Iterative Clustering
(SLIC) calculation [9]. K Means bunching strategy [10] is
utilized to bunch superpixel into K groups. The superpixel is
refined by intertwining advancement calculation [11]. The
proposed Profuse Clustering Algorithm are briefly explained in
the previous work [12].

5. Proposed Enhanced K-Nearest Neighbor
Algorithm

The choice of best k-esteem with the less misclassification rate,
this calculation is proposed. For the tasks like order and
bunching, the one of the most normally utilized calculation is K-
Nearest Neighbor (K-NN) calculation. In this approach, each
examples are tested and it is well-organized by the nearest k
example depending on the preparation information. The distance
valuation measured by Euclidean distance calculation method.
The distance of this approach is determined dependent on the test
image utilizing Distance weighted recipe as. Distance(x)=

d(p,q) = XM ,(qi — pi)2...... (1)

Where x and y are images, n is the amount of highlights. Hence,
the nameless test esteems are chosen generally pertinent to the
class from KNN calculation and it is utilized to observe the
genuine worth from nameless example esteems. In this proposed
strategy, k esteem is gotten by PSO. This PSO method is instated
with a gathering of arbitrary particles (arrangements). The
molecule's wellness esteem is assessed on each emphasis.
Assuming it is the best worth the molecule has accomplished, the
molecule stores the area of that esteem as best (molecule best).
The area of the best wellness esteems accomplished by any
molecule during any emphasis is put away as best (worldwide
best).
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Figure 2. Conclude ‘K’ value using PSO for EKNN.

6. Advanced Classification and Regression Tree
Algorithm

The accompanying figure 6 shows the proposed ACART. This
ACART method is a non parametric number shuffling method
and it convey staggered design of a tree. An average layout of
portrayal and backslide tree yield is displayed in figure 3. This
ACART start with one middle point', having the whole model,
called a root center point. This procedure reviews each and every
possible split likewise, picks the one from twofold social affairs
that is fluctuating from one to another factor of part. The root
center apportioned into two tyke center point considering picking
free component. Gathering and backslide tree simply aspects root
center point into two sub center points. This ACART
computation gives information about the tumor tissue and
obliging tissues and also hazardous tissues in the image data. In
this ACART strategy, the boundaries and choice areas are
determined by utilizing Genetic Calculation. This CART have the
following phases:

Image
Fuzzification

v

Membership
Modification

v
Image
Defuzzification

Low

Fuzzy Logic or Fuzzy
Set Theory

Medium

Figure 3. Framework for Proposed ACART method

7. Risk Severity Prediction by Fuzzy Logic

In the progression of edge identification, the fuzzy methodology
can be used. Fuzzy image handling is the social affair of all

techniques that cycle, comprehend, and address their highlights
and portions as fuzzy logic. The handling and portrayal depend
on the named fuzzy strategy to tackle the given issue. The three
principle phases of fuzzy image handling are Image
Fuzzification, Membership Values and Image Defuzzification.
The accompanying figure 4 portrays the danger seriousness
expectation of Lung Cancer by utilizing Fuzzy Logic.
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Figure 4. Frisk Severity Prediction of Lung Cancer by using
Fuzzy Logic

In this strategy, it is needed to address the computerized image as
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a fuzzy logic set and this process is called as fuzzification, at the
same time image defuzzification is a process where the change
the qualities. Back to fresh qualities in the spatial space. An
image | of size M XN and L dim levels can be considered as a
variety of fuzzy singletons. This enrollment process level of
brilliance comparative with some splendor level 1 =0, 1.... L-1.
The enrollment work portrays a reasonable property of an image.
As far as we might be concerned, in our technique, the property
that is significant is Edginess. The way to decide find the pixel in
on edge pixel gives us edge enrollment work. The Membership
work isn't one of a kind, so there can be distinctive participation
capacities, however they should meet the proper limitations. Bit
by bit Procedure for Risk Severity Prediction by Fuzzy Logic.

7.1. Algorithm for Fuzzy Logic

Step 1: Load malignant image as input and find the proportions
M is equal to width, N is equal to Height.

Step 2: If it is a color image then it converted into grayscale
image (i.e. black and white image). Iterating the pixel of image
and set their intensities.

Step 3: Iterate all the pixels in the image and calculate the edge
detection using pedge

Step 4: Every pixel should adjust by its membership rate wirh
maximum value.

Step 5: For each pixel edges are created and to find out the value
of grayscale

8. Result and Discussion of Proposed Clustering
Algorithm

The proposed clustering technique is tested with lung cancer
images with the noise level ¢ = 60 and the result is shown in
Tablel. Moreover the proposed method is compared with other
denoising algorithm mentioned here K-SVD, BM3D and NLM.
The implemented PCT technique removes the noise in the lung
even in high level of noise. There are some statistics are used to
measure the value of PSNR, SSIM, and FOM to approve the
proposed profuse clustering technique. The FOM and PSNR give
the greatest quality test. The noise level is set to 60 by proposed
Profuse Clustering technique and the group number is set to 100,
then, SSIM comes to their greatest worth. In an ideal
arrangement, the noise level is set to 60. To calculate proposed
method the profuse clustering calculation is contrasted and the
following denoising calculations like NLM, K-SVD (K Means-
Singular Vector Decomposition), BM3D and 3D Filtering).

Ny

a. Input Image

Ny

b. Result image of K-SVD

Ny

c. BM3D

d. NLM

Ny /

d. Profuse Clustering Technique

Figure 5. Denoising evaluation in cancer image when level of
noise is 60.

Table 1. Evaluation of the Proposed method with other methods

¢ =60
Methods used PNSR (in dB) | FOM SSIM
K-SVD 21.66 0.6874 0.4398
BM3D 22.57 0.5876 0.4234
NLM 18.20 0.4572 0.4321
Proposed PCT 23.73 0.6989 0.5671

Table 2. Noise removing using PSNR with different methods

Level Methods used

of K- BM3D | NLM | Proposed PCT

Noise | SVD

(¢)

5 36.54 | 37.50 32.65 38.71

15 29.16 31.74 | 26.34 | 31.78
25 26.56 26.61 | 23.11 | 29.71
40 23.78 2424 | 20.12 | 26.32
60 20.21 22.14 17.98 24.78

Table 3. Noise removal using SSIM with other methods

Level Methods used

of K-SVD BM3D NLM Proposed PCT
Noise

(¢)

5 0.7654 0.8652 0.8762 0.9167

15 0.6198 0.6621 0.5899 0.8652

25 0.5342 0.6142 0.4682 0.7583

40 0.6373 0.5782 0.4727 0.7892

60 0.5737 0.6838 0.3662 0.8366

Table 4. Noise removal of FOM with other methods

Level Methods used

of K-SVD BM3D NLM Proposed PCT
Noise

(9)

5 0.8464 0.8464 0.84649 0.9747

15 0.8369 0.8363 0.7837 0.9836

25 0.7383 0.8263 0.6828 0.8943

40 0.7363 0.7373 0.5212 0.8538

60 0.5373 0.8363 0.3869 0.9363
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From all the above tables 2, 3 and 4 address the upsides of PSR,
FOM and SSIM in different noise levels. In table 1, the
deliberated method gives the higher result. In the table 2, 3, 4 the
implemented strategy gives the higher worth of PSNR, SSIM and
FOM at different noise level. It is presumed that the presentation
measurement gives the most extreme qualities just even in high
noise level. The implemented EKNN strategy has been utilized in
the pre-handling stage to channel the boisterous information
what's more to work on the nature of the image.
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Figure 6. Result obtained by Particle Swarm Optimization, K-
Nearest Neighbour and Enhanced K-NN
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Figure 7. Detection Cancer using ACART

The detection level founds the highest accuracy level in lung
cancer tissue detection by using ACART method. The result can
be named following stages strong (healthy), Stage 1 (Low level
cancer), Stage 2 (Medium level of cancer), Stage 3 (high level of
cancer) and Stage 4 (Very High level of cancer).

Table 5. Output Table for Risk Severity Prediction of Lung
Cancer

Fuzzy Sets
Stage 1 (Low)
3.lcm -5 cm Stage 2 (Medium)

5 cm - 8em Stage 3 (High)

> 8cm Stage 4 (Very High)

Output Field
Severity

Range
2em- 3cm

pr——
| S

a2. Healthy Lung

al. Original Image

b1. Original Image b2. Level 1 (low) severity of Cancer

cl. Original Image c2. Level 2 (mild) severity of cancer

el. Original Image
cancer
Figure 8. Risk Severity Prediction of Lung Cancer by using
Fuzzy Logic

e2. Level 4 (very high) severity of
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Table 6. Evaluation of the Fuzzy Logic in the detection of Lung general classification accuracy is accomplished is 97% in after

Cancer in the given lung cancer images applying denoising concept. After that the resulted images are
Image Area Stage Detected applied in ACART method for segment the cancer tissues in lung
al 187.78 Healthy Images. After the completion of segmentation process the
Image STLILI _ resulted images are established with fuzzy logic method to find
b1 477.112 Stage 1: Cancer is in the detection level and severity of cancer. The field of medical
Image Sq.1mm initial stage. small . i .
tumor is detected. assurance restorative pictures goes up against a couple
cl 925.632 Stage 2: Cancer is mechanical, logical and cultural troubles. The inventive types of
Image Sq.1mm confined to the Lung : . P . .
a1 2650 78 Stage 3 Cancer has _progr_ess in data picture m_mmg have_achleved an improved
Image sq.mm been confined to the imaging overhaul. The implementation of the proposed
chest. estimation is differentiated and four estimations specifically
el 6542 98 Stage 4: Cancer has in_ahli _ ; ;
Image e T Locality-obliged .Sub group Rep.rese.ntatlon OUth'F (LSRE),
chest to other parts of EKNN, counterfeit neural organization and backing vector
the body mechanism. The proposed all the four method such as PCT

To analyze the efficiency of implemented methods EKNN and (Denoising), EKNN (Finding cancer), ACART (Segmentation of
ACART are compared with LSRE [13] method, ANN [14] and cancer) and Fuzzy logic (find severity of the cancer) methods
SVM [15]. Based on the results and comparison the proposed performs well all together in lung cancer examination.

EKNN method shows 97% of accuracy in detecting the cancer
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