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Abstract— Lung carcinoma is most occurring death through
cancer across the world. For diagnosis and detection of lung
cancer there are different techniques used. The most
encouraging techniques for early detection of cancerous cells are
Computer Aided Diagnosis (CAD). CAD depends on the analysis
of quality of ultrasonic images by detecting lesions that may
indicate the presence of lung cancer. The CAD system envelopes
four main processing steps: preprocessing, feature selection,
feature extraction, and feature classification. Different classifiers
are used to allocate the cells into adenocarcinomas, squamous
cell carcinomas and large cell carcinomas which are the parts of
Non Small Cell Lung Carcinoma. This paper proposes a CAD
system using Laws’ mask and SVM classifier. The accuracy of
95.65% is obtained from laws’ mask 3. The results will be
further used for a CAD system for early analysis of lung cancer
to improwve the chances of survival of patient.

Keywords — Lung carcinoma, classifications, Laws’ mask
Feature Extraction, Ultrasonic images, CAD.

I. INTRODUCTION

ung carcinoma, commonly known as lung cancer,a

malevolent lung tumor defined as unchecked growth of
undesirable tissue of the lungs. If it is uncured, then this
unwanted growth may spread beyond the lung which is
known as the process of metastasis into the nearby tissue or
even to the other parts of the body. Maximum cancerous
growth that begins in the Lungs is known as carcinomas or
primary lung cancers. Smoking is main cause of lung cancer.
Approximately there are 23 times more chances of lung
cancer growth in men who smoke. Women are 13 times more
likelyto be effected than compared to never smokers. Most
commonly diagnosed cancer worldwide is lung cancer. More
than 225000 new cases of lung cancer will be diagnosed in
U.S in 2016. An estimated 158,090 Americans are expected to
die from lung cancer in 2016, accounting for approximately
27 percent of all cancer deaths. The rate of new cases in 2016
showed that men develop lung cancer more often than women
(60.9 and 49.7 per 100,000, respectively).[1]

Early detection of the disease doesn’t only help in the proper
diagnosis but also minimizes the risk of the unwanted result
of the disease (death). Various early detecting techniques are
available these days that include X-Ray, Sputum cytology,
Ultrasonography, Magnetic Resonance Imagining (MRI) and
Biopsy. In biopsy, a sample of lesion is taken out for the
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analysis that results in unbearable pain to patient. To help the
patient and reduce unnecessary biopsies, the most frequent
method includes CT scan, Ultrasonography [2]. The CT scan
could show some small lesions in infected lungs which may
not be detected by X-ray. Lung cancer is categorized as:Non
small cell Lung cancer(NSCLC) and Small cell lung cancer
(SCLC).The Ultrasound imaging provides the non-
radioactive, non invasive, real time display, low cost and
better penetration ability as compared to the X-ray. Modern
ultrasound also helps to distinguish between the SCLC and
NSCLC types. Small cell lung cancers are twenty percent of
lung cancer and are growing rapidly cancer among lung
cancers [3]. NSCLC- The commonly seen lung cancer type
which is approximately 83% among all cases. NSCLC
commonly divided in three types: Adenocarcinomas, large
cell carcinomas and Squamous cell carcinomas [4].

Adenocarcinoma of the cancer of lungs, one of the most
common kind of lung carcinoma that contain some defined
mo lecular feature or malignant tissue architectural, including
the doctor gland development or the construction of the
significant amount of mucus[5]. It comprise up to 50% of
Non small cell lung cancer. Computer Aided Design (CAD)
systemis used to classify the type of lung cancer.

. METHODOLOGY

The system follows a sequence of experimental flow as
shown in Figl
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Fig. 1. Overview ofthe system
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A. Database Ultrasound Images

For analsis, the data is taken from [6] this is the NSCLC
andSCLC. We have taken data of 92 cases and discarded the
cases of biopsy and cases having the blood vessels. Our
database contains cases of Adenocarcinomas, large cell
carcinomas and Squamous cell carcinomas of NSCLC type.

B. ROI Extraction Module

The abnormalities in the ultrasonic images are detected and
remarked with the help of the radiologist and then images
are segmented using imageJ software[7]. The Imagel

software is used to mark the abnormal area and segment it in
parts. Further segmented area is encased in a elongated box
adjoining the boundaries of abnormality as shown in Fig 2.

(@) (b)
Fig. 2. (a): ROImarked in Adenocarcinomas (b): Boundaries enclosing
ROI of Adenocarcinomas

C. Feature extraction Module

The abnormal area which has been damaged by any disease is
known as lesion. The feature extraction module contains
Texture Features which are classified as 1). Signal Processing
Based Methods 2).Statistical Methods 3).Transform Domain
Methods [8-11]. In our work the lesions are characterized
with the use of Signal Processing Based methods.

1) Signal Processing Method

A set of coherent mask that are also known as Texture Energy
Masks are used in Laws’ Based Textures Features[12]. The
texture feature are calculated by convolution of the images
with these masks. The filters are designed up by the
combination of two or more one dimensional kernel vectors.
The dimensions (d) of these vectors can take value d=3, 5, 7,
9. The characteristics of the texture feature are determined by
execution of Edge detection (E), Level detecgtion (L),Ripple
detection(R),Spot detection (S) and Wave detection (W) by
using filters [13-25].The resolution of dimension 3 vector is:
L3is 1, 2, 1; E3is-1,0,1and S3is -1,2,-1 And of dimension 5
is: L5is 1,4,6,4,1; E5 is -1,-2,0,2,1; S5 is -1,0,2,0,-1; W5 is -
1,2,0-2,1and R5is 1,-4,6,-4,1

Copy Right © INDIACom-2017; ISSN 0973-7529; ISBN 978-93-80544-24-3

Different features are extracted by using masks of different
dimensions. The mask for different dimensions d= 3 and d=5
are shown in Fig 3 and Fig 4.

L3L3 E3L3 S3L3
L3E3 E3E3 S3E3
L353 E353 5353

Fig. 3. Laws’ mask of dimension 3

In dimension 3 Laws’ Mask as in the figure 3, there are 9, 2-D
masks which include three masks of identical pairs, so
rotation invariant texture image will be 6. There are 5
descriptors that are derived from ROI, so feature vector length
will be 6x5=30.

L5LS E5LS S5L5 R5L5 WS5LS
L5ES ESES S5ES5 RS5ES WS5ES
L5S5 ES5S5 S555 R5S5 W5S5
L5R5 E5R5 S5RS5 R5R5 W5R5
LSWS ES5WS5S S5WS5 R5W5 WSWS5

Fig. 4. Laws’ mask of dimension 5

Dimension 5 in Laws’mask as shown in Fig 4, there are 25 2-
D masks in which rotation invariant texture images of
identical pairing are 10, so total invariant texture images will
be 15.There are 5 descriptors that were derived from ROI ,so
the feature vector length or number of features extracted will
be 15x5=75.

The laws’ mask Filter with 7 length will be of dimension 3 x
3 and the laws’ mask filter of 9 length will be of dimension
5 x 5and will have same feature vector length as dimension 3
and 5. To analyze Laws’ Mask, there is a procedure to be
followed. The sequence for dimension 5, [26-32]

a) The Texture Image (TI) is obtained by convolving the 2-D
mask with input image I (i, j)

TIESES = IL,] ® E5E5 (1)
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b) The disparity from equation (1) of the texture image
obtained which is normalised
Thnask (2)

Normalise (Tlmask) = Tlises

c) The Texture Energy Measurement (TEM) filters are
used to pass the Texture image
5

5
TEM;; = Z Z Normalise (Tliyj10)  (3)

u=-5v=-5

d) By collaborating 25 TEM descriptors, 15 rotationally
invariant TEM’s are obtained that are denoted as TR.
TEMgs 5 + TEM 55

> @
e) Five statistical parameters Mean, Standard Deviation,
Skewness, Kurtosis, Entropy are determined. These five
statistical parameters are elaborated in [15].

TRgs1s =

D. Classification Module

Characterization of classification can be done as
unsupervised classification and supervised classification.
Supervised classification is one for which the classes are
defined for training sets else vice-versa.In our work we
have used classifier named SVM. This classifier comes
under the class of supervised classification. SVM classifier
can be implemented by LibSVM library [33]. SVM works
on fundamental approach of decision planes, where
decision boundaries are defined. Kernel based classifiers;
the aligning of non linear training date of higher
dimensional feature space from input space has been done
using the kernel functions [34-35]. For classification task,
Gaussian radial basis function kernel’s attainment is
analyzed. To chose the regularisation parameter C and
kernel parameter y is always an analytical step for having a
desired abstract performance. By doing the expanded
search, that is carried out in the parameter space for the
values of C e {24, 2s... 215}, ¥& {2 12, 2a1... 2} the
excellent values of the Cand 1y are obtained.

1. RESULTSAND DISCUSSIONS

The results of classifications are computed by using
different dimensions (3, 5, 7, 9) of Laws’ Mask are tabulated
from Table 1 to Table 4 respectively. Diferent terms are used
in the table are : Adenocarcinomas, CON: Confusion Matrix,
LC: Large cell Carcinomas ,SC. Squamous Carcinomas,
TFV: Texture Feature \ector, , |: length of TFV ,OCA:
Overall Classification Accuracy.

TABLE I SVM CLASSIFIER RESULTUSING LAWS MASK
DIMENSION 3
CON Sensitiv
TFV() sC_[LC |ty OcA
AC 16 0 0 100% 95.65%
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93.3%
93.3%

TFV@30) [SC | 1 | 14 o
LC | 1 0 |14

TABLE II. SVM CLASSIFIER RESULTUSING LAWS’ MASK
DIMENSION5
CON e ocC
TFV () AC sC C Sensitivity A
AC 15 0 1 93.8%
TEV(S) | sc | 2 | 12 | 1 |8 8390 /'01
LC 1 0 14 | 93.3%

TABLE Il SVM CLASSIFIER RESULTUSING LAWS MASK
DIMENSION 7
CON
TRV() Sensitivity OCA
AC [ SC | LC
AC 14 0 2 87.5%
TFV(30) | SC 3 12 0 80% 84.78
Lc| 2 [o 13 | 86.6% %

TABLE IV. SVM CLASSIFIER RESULTUSING LAWS MASK
DIMENSION 9
CON Sensitivit
TFV() ACT sc e y | OCA
AC | 14 0 2 87.5%
TRv@s) | SCl2 |12 |1 80.% 802/-6
C 2 |1 |12 |8 °

In this experiment, the highest accuracy obtained was 95.66%
by using Laws’ Mask dimension 3. The classifier used for
analysis purpose is SVM classifier. For dimension 5 we got
the result 89.13%, for dimension 7 we got the result 84.78%
where as for dimension 9 the results were 82.6%.

IV. CONCLUSION AND FUTURE WORK

The best result i 95.65% and is coming out by Laws’ Mask
with dimension 3. The results in dimension 9 are
misclassified, so in future authors will focus to improve the
result of the system with dimension 9 and improve the
performance overall of system. For improvement of this work,
the author will use various filters (Gabor Wavelet) and
classifiers for achieve more accuracy in results.

V. ACKNOWLEGMENT

The authors wish to acknowledge Dr. Shikha Sood, Indira Gandhi

Medical College, Shimla, Himachal Pradesh (India) for her

support and guideline in this research work of project.
REFERENCES

[1] Lung Cancer facts and figures 2015-16, American Cancer Society,
[online] 2015

6287



http://mww.cancer.org/acs/groups/content/@research/documents/docum
ent/acspc-046381.pdf

[2] Wha is cancer? MNT  Knowledge  Center,
http:/mww.medicalnewstoday.com/articles/37136.php

[3] http:/www.cancertherapyadvisor.com

[4] Haranshvir Guiral and Khushali Deulkar, “ A Review of Techniques for
Lung Cancer Detection”, Intemational Jounal of Current Engineering
and Technology, 2015

[5] Raiesh Kumar, Raijeev Srivastava, and Subodh Srivastava, “‘Detection
and Classification of Cancer from Microscopic Biopsy Images Usina
Clinically Sianificant and Bioloaically Intemretable Features”
Hindawi Publishing Corporation Joumal of Medical Engineering
Volume, Article ID 457906, 14 pages, 2015

[6] Ultrasound Cases.info

[71 Image Processing and Analysis in JAVA Image J1.49 vesionl.6.024

[8] http://imagej.nih.gov/ij/download/win32/ij149-jre6-64.zip

[9] K.I.Laws, “Rapidtexture identification”, in Proceedings of SPIE Image
Processing for Missile Guidance, 1980, pp. 376-380.

[10] Mr.Vijay A.Gajdhane, Prof. Deshpande L.M. , “Detection of Lung
Cancer Stages on CT scan Images by Using Various Image Processing
Techniques”, IOSR Journal of Computer Engineering (IOSR-JCE) |,
Volume 16, Issue 5, Ver. I1I, PP 28-35, 2014

[11] M. Rachidi, A. Marchadier, C. Gadois, E. Lespessailles, C. Chappard
and C. L. Benhamou, “Laws’ masks descriptors applied to bone texture
analysis: an innovative and discriminant tool in osteoporosis”, Skeletal
Radiology, vol. 37, pp. 541-548, 2008.

[12] J. Virmani, V. Kumar, N. Kalra and N. Khandelwal, “Prediction of
cirrhosis from liver ultrasound B-mode images based on Laws’ mask
analysis”, in Proceedings of IEEE International Conference on Image
Information Processing, ICIIP-2011. Himachal Pradesh, India, 2011,
pp. 1-5.

[13] J. Virmani, V. Kumar, N. Kalra and N. Khandelwal, “Neural network
ensemble based CAD sys¢em for focal liver lesions from B-mode
ultrasound”, Joumal of Digital Imaging, vol. 27, pp. 520-537, 2014.

[14] G.H. Seng, H.Y. Chai and T.T. Swee, “Research on Laws’ mask texture
analysis system reliability”, Reasearch Joumal of Applied Sciences,
Engineering and Technology, vol. 7, pp. 4002-4007, 2014.

[15] Sukhjinder Kauwr, “Comparative Study Review on Lung Cancer
Detection Using Neural Network and Clugering Algorithm”,
Intemational Joumal of Advanced Research in Electronics and
Communication Engineering (IJARECE) Volume 4, Issue 2, 2015

[16] S. Bhusri, S. Jain and J. Virmani,” Classification of Breast Lesions

using Laws’ Mask Texture features”, in Computing for Sustainable
Global Development (INDIACom), pp .1700-1704 , 2016

[17] Ada, Rajneet Kaur, “ Feature Extraction and Principal Component
Analysis for Lung Cancer Detection in CT scan Images”, International
Journal of Advanced Research in Compuer Science and Software
Engineering, Volume 3, Issue 3, March 2013

[18] J. Virmani, V. Kumar, N. Kalra and N. Khandelwal, “SVM based
characterization of liver cirrhosis by singular value decomposition of
GLCM matrix”, Intemational Joumal of Artificial Intelligence and Soft
Computing, vol. 3, pp. 276-296, 2013.

[19] AlmasPathan, Bairu.K.saptalkar, “ Detection and Classification of Lung
Cancer Using Artificial Neural Network™, 2016

[20] J. Virmani, V. Kumar, N. Kalraand N. Khandelwal, “Prediction of liver
cirrhosis based on multiresolution texture descriptors from B-mode

[onling],

ultrasound”, International Journal of Convergence Computing, vol. 1,
pp. 19-37, 2013.

[21] J. Virmani, V. Kumar, N. Kalra and N. Khandelwal, “SVM-based
characterization of liver ultrasound images using wavelet packet
texture descriptors”, Journal of Digital Imaging, vol. 26, no. 3, pp.
530-543, 2012.

[22] Shraddha G. Kulkamil, Sahebrao B. Bagal, “Techniques for Lung
Cancer Nodule Detection: A Survey”, Intemational Research Joumal of
Engineering and Technology (IRJET) Volume: 02 Issue: 09, 2015

[23] AlmasPathan, Bairu.K.saptalkar, “Detection and Classification of Lung
Cancer Using Artificial Neural Network™, 2016

[24] Ajil MV, Sreeram S, “ Lung Cancer Detection from CT Image using
Image Processing Techniques” , Volume 3, Issue International Joumal
of Advance Research in Computer Science and Management Studies
Research Article / Survey Paper / Case Study, 2015

[25] S. Bhusri, S. Jain and J. Virmani,” Classification of Breas Lesions
using Laws’ Mask Texture features”, in Computing for Sustainable
Global Development (INDIACom), pp .1700-1704 , 2016

[26] S. Rana, S. Jain andJ. Virmani “Classification of Kidney Lesions using
Gabor Wavelet Texture Features”, in Computing for Sustainable Global
Development (INDIACom), pp. 2528-2532, 2016

[27] SJain Communication of signalsand responses leadingto cell survival
/ cell death using Engineered Regulatory Networks PhD Thesis, Jaypee
University of Information Technology, Solan, Himachal Pradesh, India,
2012.

[28] SJain, PK Naik. System “Modeling of cell survival and cell death: A

deterministic model using Fuzzy System”. Intemational Joumal of
Pharmma and BioSciences (1JPBS), 2012; vol.3, 4: 358-373.

[29] S Jain , DS Chauhan. Linear and Non Linear Modeling of Protein
Kinase B/ AKT. International Conference on Information and
Communication Technology for Sustainable Development (ICT4SD -
2015), Ahmedabad, India.

[30] SJain Chauhan DS. Mathematical Analysis of Receptors For Survival
Proteins. Intemational Journal of Phama and Bio Sciences (IJPBS),
2015;vol.6, 3: 164-176.

[31] S Jain , Naik PK, Bhooshan SV. Nonlinear Modeling of cell survival/
death using artificial neural network. Oct 07-09, 2011; pp 565-568,
Intemational Conference on Computational Intelligence and
Communication Networks (CICN2011), Gwalior, India.

[32] SJain, “Regression analysis on different mitogenic pathways”, Network
Biology, 6(2), 40-46 : June 2016.

[33] S Jain, “Mathematical Analysis using Frequency and Cumulative
Distribution functions for Mitogenic Pathway”, Research Journal of
Phamaceutical, Biological and Chemical Sciences (RIJPBCS),7(3),
262-272: May - Jun 2016.

[34] S Rana , S Jain, J Virmani, “SVM-Based Characterization of Focal
Kidney Lesions from B-Mode Ultrasound Images ”,Research Joumnal of
Pharmaceutical, Biological and Chemical Sciences (RIJPBCS),7(4):
July- Aug, 2016.

[35] S. Bhusri, S. Jain and J. Virmani, “Classification of breag lesions using
the difference of datistical features” Research Jounal of
Pharmaceutical , Biological and Chemical Sciences (RIPBCS) ,7 (4):
July- Aug 2016

[36] SRana, SJain, J Virmani “Classification of Focal Kidnhey lesions using
Wavelet-Based Texture Descriptors’, Intemational Joumnal of Pharma
and Bio Sciences, 7(3), 646-652, July-Sep 2016.

Copy Right © INDIACom-2017; ISSN 0973-7529; ISBN 978-93-80544-24-3 6288


http://www.cancertherapyadvisor.com/�

	I. INTRODUCTION
	II.  METHODOLOGY
	A. Database Ultrasound Images
	B.  ROI Extraction Module
	C.  Feature extraction Module
	1) Signal Processing Method

	D.  Classification Module

	III. Results AND DISCUSSIONS
	IV. Conclusion and Future Work
	V. Acknowlegment
	References



