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Abstract:- Computer aided diagnosis of cancerous nodules
system plays an important role in early detection of cancerous
nodules in lung x-rays image. It helps the radiologist in
diagnosis of lung cancer. Most of the cancer related deaths are
due to lung cancer. So more attention should be given to early
detection of lung cancer for improve the survival rate of
patients.

We know that cancerous and non- cancerous regions
appears slightly differ in x- ray image. For accurate detection
of cancerous nodules, it is necessary to differentiate the
cancerous nodules from non-cancerous nodules. The artificial
neural network is used in this thesis to differentiate them. Now
a day, ANN is used in medical imaging for diagnosis the
various diseases. They work in similar to the brain and have
good decision making criteria when trained appropriately.

INTRODUCTION:

Most of the cancer related deaths in the world are due to
lung cancer. Lung Cancer is the most common cancer
related death in both men and women. Early detection and
treatment of lung cancer is important for survival of cancer
patients. We know that, in a healthy person, cell in the lungs
divide and produce at controlled rate

to repair worn out or injured tissues and allow for normal
growth. When cell inside the lungs developed at an
uncontrollable rate it causes lung cancer. These abnormal
tissues masses are called tumors. But all tumorsare not
cancerous (malignant) some are non-cancerous(benign).

LITERATURE REVIEW:
Medical imaging plays an important role in the early detection
and treatment of cancer. It provides physicians with
information essential for efficient and effective diagnosis of
various diseases. Diagnosis of X-rays can be used as an initial
step in nodule detection. The objective of the CAD system
developed in this thesis is to help radiologists to improve their
accuracy in cancer detection. We developed an Artificial
Neural Network (ANN) to differentiate the cancerous nodules
from other suspected nodule areas in the X-ray images. To
improve the diagnosis accuracy of this ANN we introduced a
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pre-processing stage in the CAD system that involves various
image enhancement technigues. Our main interest involved the
detection of golf-ball tumor type of cancer. We can detect this
type of cancer by the presence of round masses (tumors) in
the X-rayimage.
Some statistics about Lung Cancer

In Europe in 2004 there were 17,11,000 cancer deaths. Lung
cancer deaths were almost 20% ofthem (3,41,800), followed
by colorectal (203700),stomach(137900) and breast (129900).
In Italy there are about 35000 to 40000 new cases peryear, and
the incidence is increasing in women. Tobacco is considered
responsible approximately for 85 percent of all cases, while
radon exposure for another several percent. Heavy smokers
have a much higher risk of dying of lung cancer, about 10
times that ofnon-smokers. Asbestos, pollution and genetic
predisposition are other important risk factors. Only about
10+15% of all people who develop lung cancer survive for 5
years, on average, but individual prognosis depends on the
extent of disease at the time of diagnosis. Accurate staging,
assessing the extent of local and distant disease, is necessary to
determine respectability and overall prognosis. Lung cancer
staging encompasses 4 stages, from | to 1V, with increasing
gravity. The survival rate is about 67% if the cancer is detected
at stage |, when it is relatively small (no more than 30 mm in
diameter), and drops down to less than 1% for stage 1V, when
metastases have already developed.

MOTIVATION OF CAD SYSTEM:

Now a day CAD system has become major
research area in the field of medical imaging and diagnostic
radiology. CAD is a concept established by taking into
account equally the roles of physicians and computers. CAD
system works as an assistant to radiologist for final diagnosis
of lung cancer. In fact, a large number of CAD systems have
been employed for assisting physicians in the early detection
of lung cancer in X-ray image. Recently, computer-aided
diagnosis (CAD) has become part of the routine clinical work
for detection of breast cancer on mammograms and lung
cancer in X-rays image at many screening sites and hospitals
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in the United States. This seems to indicate that CAD is regions. A positive region is a region that the
beginning to be applied widely in the detection and radiologist feels should go to follow up for additional
differential diagnosis of many different types of abnormalities information. Various morphological features that can
in medical images obtained in various examinations by use be taken into consideration while developing a CAD
of different imaging modalities. Even though CAD is well system include area, size, shape, and moments. These
developed clinical tool for diagnosis, however CAD is still in parameters show some variation between cancerous
its infancy and much work needs to be done. and non-cancerous nodules.

HISTORICAL BACK GROUND OF CAD SYSTEM:

In the early phase of research on and development L D.Ig'tal Chest Radiograph
of CAD schemes, some computer scientists criticized CAD \L
by saying that it simply would not work, which has been Contrast Enhancement
proved to be completely wrong. The reason for this strong L
criticism at that time might have been related to an l
unsuccessful attempt in previous research efforts toward the r )
development of automated computer diagnosis. Systematic Multi-Level Thresholding
investigation on CAD began in the 1980s with a ¢
fundamental change in the concept for utilization of the - N
computer output, from automated computer diagnosis to Binarisation
computer- aided diagnosis. A g
In the early 1980s many research and development work on v
CAD system were begun at the Kurt Rossamann Noise & Background
Laboratories for the Radiological image research in the N "
department of Radiology at the University of Chicago. ¢
Since that time many research and development works on ( ] )
CAD system have been done for better diagnosis and early Blob Analysis |
detection of disease like lung cancer breast cancer etc. In ¢
fact, CAD has become one of the major research
subjects in medical imaging and diagnostic radiology. SNA Identification

\ | J

DETECTION OF LUNG CANCER:- v

We know that lung cancer is leading cause of ( ) )
cancer death in the world. Many efforts are being SNA Separation |
undertaken by scientific community to early detection of
cancer. So, we can improve the survival chances of patients.
There are many technologies used for earlier detection of
lung cancer like X-rays, CT scans, FDG-PET scans,
bronchoscope, sputum  cytology and  fluorescent
bronchoscope. But now days most commonly used .
technologies are X-ray, CT, MRI and PET scans. Comparison

Feature Extraction

—

DIAGNOSIS PROCEDURE: o
Computer Aided Diagnosis: [ IFeature Classification

To identify the early stage tumors is an important
goal of physicians, because then it is easy for successful
treatment for patient. Computer aided diagnosis (CAD)

involves the use of computers to brings suspicious areas on ( ¥ Analvsis of Result
The medical image to radiologist' sattention. It assists the nalysis o kesults
radiologist for better diagnosis. CAD system scans the

\

digital image and marks the suspicious looking areas in the Evaluation of CAD

image. Radiologists focus on those areas and decide if a

biopsy or further evaluation is needed. RECEIVER OPERATION CHARACTERISTICS:
Block Diagram Representation:

This CAD system contains two stages for Relative (or receiver) operation characteristic (ROC)
lung cancer detection. In the first stage | processed the analysis is an analytical procedure for measuring the
image to detect a set of potential nodules. It not only accuracy of a system. ROC curves show a relationship
enhances the image but also removes the unwanted between the true- positive probability and the false-
background information. The second stage classifies positive probability. The evaluation factor is the area
the suspicious region into positive and negative under the curve Az. (Figure 2.2 is an example.) ROC
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provides a desirable index of accuracy and the
appropriate basis for an index of efficacy.
It has the following three unique features.

1. The index of accuracy in ROC analysis is
independent of the criterion adopted in the
system for making a particular decision.

2. It supplies estimates of the probabilities of
decision outcomes of various kinds for any
criterion used by the system.

3. The ROC analysis supplies an index of the
decision criterion, which reflects together the
subjective probabilities and utilities that
usually determine this criterion.

Researchers have used ROC analysis to compare
the diagnostic performance of radiologists with and
without the use of CAD.

1.0
g o8
2 With CAD
= 06 Az=03817
2
L2 04 .
2 Without CAD
= Az=0.743
= 02 z

0.0

0.0 0.2 0.4 06 038 1.0
False Positive Fraction

Median Filter:

Image after multi-level thresholding contains
salt and pepper noise. This noise is due to the presence
of minute gray scale variations in the image. Median
filter is a common image enhancement method for
removing pepper and salt noise without significant
reduction of the sharpness of the image.

This filter are most popular because, for certain types
of random noise, they provide excellent noise reduction
capabilities, with considerably less blurring than linear
smoothing filters of similar size. Median filter are
particularly effective in the presence of impulse noise,
also called salt and pepper noise because of its
appearance as white and black dots superimpose on an
image.

In this filtering process, we take the any pixel and
its neighbor "spixels, determine their median, and
assign this median value to that pixel. We calculate the
median by first sorting all the pixels values from the
neighborhood into numerical order and then replace the
pixel being considered with the middle pixel value.

When number of pixels for calculating the median are
even then average of the two middle pixel values is the
median value.

The medial has two main advantages.

1. The median is a more robust average than the
mean and so a single very unrepresentative
pixel in a neighborhood will not affect the
median value significantly.

2. The median value is value of one of the
pixel sintheneighborhood,sothe

median filter does not create new unrealistic

pixels values when the filter straddles an edge.

For this reason the median filter is much better

at preserving sharp edges.

image after naise removal
L& B

Figure : Image after salt and pepper noise removal

image after binarization
o ;

Figure : Image before salt and pepper noise removal
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Method 1:-

In this method we calculate the area of each
blob and obtain a circle with radius, r'and area equal to
that blob. This circle act as template to locate the round
objects. After that we obtain the boundary co-ordinates
of each blob. For each boundary co-ordinate say p of
each blob, we center a circle with radius r at p and

calculate the following ratio value.

Ratio= Area of intersec. of circle & blob

Area of circle blob
Method 2:

In this method we calculate the area and perimeter
of each blob and then calculate the following
parameter. If any blob which both parameters (ratio
and compactness) are less than 0.5, we eliminate
that blob by setting all pixels of that blob to the
background value(zero).The image obtained after
blob analysis act as a mask. Which is projected
onto original input image appears relatively high

Compactness = 47 area / perimeter?

Take the
binary image

\

onvert binary image into
no. of blocks

elete the block which contains
less than 50pixels.

A

elete the block which
touches the boundary of
image

Calculate the roundness
parameters of each bloc

Delete the block

which roundness
desire values

Now resulting image is
superimpose on input im.

\

reprocessed image
obtained for next stage

Block diagram of Blob Analysis of Binary image:

Figure: Block diagram of Blob analysis
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Summary stage do not enhance all the cancerous nodule

regions.

The following produces the brief
summary of entire preprocessing stage of for
cancer detection. First increase the relative
contrast in the x-ray image by histogram
equalization. Then we used multi-level (two
level) thresholding to remove the unwanted
background information. After that binarization
method is used to make background information
pixels value to zero and foreground pixels value
to 1. During this some salt and pepper noise
induces in image which is reduced by use
median filter. Blob analysis method involves a
sequence of steps for removal of unwanted

foreground information and check the roundness

of blob. Final image obtained after blob analysis Figure : Input Image

are projected onto the original x-ray image. )
Testing

A manual approach is used to separate

Table 6.1 shows a few sample images,

the SNA from the final output image. We use
their input target values, and output results for

the SNA regions separated from this image as
both processed and unprocessed images in the

input to the next stage for further classification
training sets. These output values lie in a range

as cancerous or non-cancerous. Some of the

betweenOtol.

SNA regions sent to the next stage contain un-
We selected a threshold value of .5 to differentiate

enhanced image information. This happens
the value of cancerous and non cancerous region.

because the enhancement procedures used in this
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Table 6.1 Table showing a few sample results of the ANN used in this thesis.

Target Value=0.91
(non-cancerous)

Processed Image
Output=0.71

Unprocessed Image
Output=0.59

Target Value=0.91
(non-cancerous)

Processed Image
Output=0.75

Unprocessed Image
Output=0.7

Target value=0.1
(cancerous)

Processed Image
Output=0.18

Unprocessed Image
Output=0.18

i

Target Value=0.91
(non-cancerous)

Processed Image
Output=0.69

Unprocessed Image
Output=0.69

Target value=0.1
(cancerous)

Processed Image
Output=0.21

Unprocessed Image
Output=0.33
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CONCLUSION:-

In this thesis we developed the Computer
Aided Detection method for lung cancer nodules in X-
ray image. This works as assistant of radiologist for
better detection of lung cancer in X-Ray image. It
contains two stages, preprocessing stage and
classification stage. In preprocessing stage we
implement various image enhancement techniques, like
contrast  enhancement, multi-level  thresholding,
binarization, noise removal and lastly blob analysis for
better visualization of lung nodules in X-ray image.
Now SNAs region is separated from preprocessed
image and applied to the input of Artificial Neural
Network for classification of SNA as cancerous and
non- cancerous regions. We have used back-
propagation algorithm for training the neural network
for better classification of SNAs. The detection
accuracy is improved and mainly depends on the correct
classification. By including the pre-processing stage in
the CAD system, we observed a significant
improvement in the detection accuracy. The accuracy
values increased from 70% t083.3%.
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