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Abstract: 

An automated Computer Aided Diagnosis (CAD) system is proposed in this paper for the detection of lung nodule from the computed 

tomography (CT). CT Images are more efficient and provide appropriate details on anatomical features of the lung nodule than X-ray. 

There are two types of lung nodule, cancerous and non-cancerous nodules. Lung nodules are classified with the help of CAD system. 

The CAD system can classify the lung nodule from CT images on the basis of nodule feature such as growth rate, density, shape and 

boundary of the nodule. These feature values are calculated in image processing tool by using image enhancement, Level Set image 

segmentation, and Texture feature extraction then classify using Artificial Neural Networks. The feature values are  given as input to 

classifier to classify nodule. 

 

I. INTRODUCTION: 

 

Lung cancer is one of the most dangerous cancers in the world, 

with the least survival rate after the diagnosis, with increase in 

the number of deaths every year gradually. Lung cancer is cause 

due to uncontrolled growth of abnormal cells in one or both of 

the lungs .The possible treatments are surgery, chemotherapy, 

and radiotherapy. The earlier the detection gives the higher the 

chances of successful treatment. It is considered to be the main 

cause of cancer death worldwide, and it is hard to detect in its 

early stages because its symptoms appear only in the advanced 

stages causing the mortality rate to be the highest among all 

other types of cancer. More people die because of Lung cancer 

than other types of cancer such as breast, skin, colon, and 

prostate cancers. There is significant proof indicating that the 

early detection of lung cancer will decrease mortality rate[1] . 

The latest estimates according to the recent survey provided by 

world health organization indicates that around 7.6 million 

deaths in whole world each year because of this type of cancer. 

There are many techniques to diagnose lung cancer, like Chest 

Radiography (x-ray), Computed Tomography (CT), Magnetic 

Resonance Imaging (MRI scan) .but, most of these techniques 

are costly and time consuming. And most of these techniques are 

detecting the lung cancer in Its advanced stages. Hence, there is 

a great need of a new technology to diagnose the lung cancer in 

its early stages. Image processing techniques provide a good 

class tool for cultivating themanual analysis. Artificial neural 

networks offer a completely different approach to problem 

solving and they are sometimes called the sixth generation of 

computing. The detection of lung cancer in early stage is a 

challenging problem, due to the structure of the cancer cells, 

where utmost of the cells are overlapped with each other. It is a 

computational procedure that sort images into groups according 

to their similarities. In this Histogram Equalization is used for 

preprocessing of the images and feature extraction process and 

neural network classifier to check the condition of a patient in its 

early stage whether it is normal or abnormal. The performance is 

based on the correct and incorrect classification of the classifier. 

But finding of severity of patient affected is not done in this in 

order to improve our technology by classifying the nodules in 

according to severity make doctor to give good treatment to the 

patient it can be done by finding the nodule using level set 

segmentation. The objective of this research is to apply neural 

networks and their associated analysis techniques to Health care, 

specifically to the management of lung cancer patients. A 

number of medical researchers utilized the analysis of sputum 

cells for early detection of lung cancer, most recent research 

relay on quantitative information, such as the shape, size and the 

ratio of the affected cells [2]. 

 

II. LUNG CANCER DETECTION: 

 

Lung cancer detection in our proposed is model into four parts 

preprocessing, level set segmentation, texture feature extraction 

and classification as shown in block diagram below: 

 

 
 Figure.1.Block Diagram of Proposed System 

These processes are described briefly as follows: 
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1. INPUT IMAGE: 

Input images are collected from cancer hospitals in the form of 

DICOM (Digital Image Communications in Medicine i.e. CT 

scan images and MRI images) image format which are of 

cancerous and non-cancerous patients. It is not just the image or 

file format. DICOM image provides all necessary tools for 

diagnostically accurate representation and processing of medical 

imaging data. 

 

 
 Figure.2. Input CT scans images 

 

2. PREPROCESSING: 

Enhancement technique enhances the contrast of images. The 

contrast enhancement can limit in order to avoid the noise which 

is present in an image and to highlight an image. It can be find 

by plotting the histogram and increasing its contrast. 

adapthisteq(I) enhances the contrast of the grayscale image I by 

transforming the values using contrast-limited adaptive 

histogram equalization (CLAHE). CLAHE operates on small 

regions in the image, called tiles, rather than the entire image. 

Each tile's contrast is enhanced, so that the histogram of the 

output region approximately matches the histogram specified by 

the 'Distribution' parameter. The neighboring tiles are then 

combined using bilinear interpolation to eliminate artificially 

induced boundaries. The contrast, especially in homogeneous 

areas, can be limited to avoid amplifying any noise that might be 

present in the image[3]. Let show an example about the 

enhancement by increasing the contrast in this figure.     

   

  
Increased Contrast            Histogram plot 

Figure.3.Shows the Histogram on CT 

We used histogram equalization to improve the contrast of 

images by transforming the values in an intensity of an image. 

So that the histogram of the output image approximately 

matches a specified histogram. Image enhancement techniques 

can be divided into two categories such as[4]: 

1. Spaital domain techniques, Which operate directly on pixels. 

2. Frequency domain techniques, Which operate on the Fourier 

transform of an image. 

 

2.1MEDIAN FILTER: 

The median filter is a nonlinear digital filtering technique, often 

used to remove noise. Such noise reduction is a typical pre-

processing step to improve the results of later processing (for 

example, edge detection on an image). Median filtering is very 

widely used in digital image processing because, under certain 

conditions, it preserves edges while removing noise. It is 

particularly effective at removing „salt and pepper‟ type noise. 

The median filter works by moving through the image pixel by 

pixel, replacing each value with the median value of neighboring 

pixels. The pattern of neighbors is called the "window", which 

slides, pixel by pixel over the entire image .The median is 

calculated by first sorting all the pixel values from the window 

into numerical order, and then replacing the pixel being 

considered with the middle (median) pixel value [5]. 

 

3. LEVEL SET SEGMENTATION: 

Along the time, medical imaging systems have become more 

frequently used by health experts to diagnose a disease suffered 

by a patient [28]. To be able to produce a medical image, 

modality of an image is needed, for example, CT-scan. The 

image generated by imaging modalities needs to be processed 

first in order to get the image quality as expected. One of the 

image processing is segmentation. Segmentation is a technique 

to partition an image into areas that are more meaningful for a 

particular purpose; it is one of the first steps to analyze and 

interpret the image [6] In the medical world, segmentation itself 

is often used to make it easier to analyze the shape, size, and 

borders of the target or region of interest (ROI) of the patient. 

But, segmentation is not easy; there are some issues that need to 

be considered when doing this process, such as: highlights, 

shadows, transparency, and object occlusion [7]. Then, to 

facilitate it, segmentation methods are divided into two basics, 

i.e. segmentation based on similarity and based on discontinuity. 

One method that is based on similarity is region growing, while 

the method based on the discontinuity is level set.  Region based 

methods for segmentation usually rely on the intensity 

homogeneity on different regions of interest, they often fail to 

give exact results when encountering intensity inhomogeneity. 

To deal with this problem, level set method was proposed by C. 

Li and his colleagues in 2011, their method is also region based 

one but faster, more robust and accurate than piecewise smooth 

model . Lung CT images belong to the group of images which 

contain regions of intensity inhomogeneity. This attribute 

suggests the use of level set method will populate promising 

results in vessel and nodule segmentation application. Region 

based segmentation methods tries to find homogenous regions 

based on gray-scale, color, texture or any other pixel based 

measure in an image. Pixels with similar properties are grouped 

together in regions Ii . The choice of homogeneity criteria is an 

important factor that affects the end segmentation result. In 

addition to the condition in equation ,images segmented by 

region based segmentation also satisfies the two following 

conditions: • All regions Ii should be homogenous according to 

some specified criteria: H(Ii) = true, i = 1, 2, ..., S. • The region 

that results from merging two adjacent regions Ri and Rj is not 

homogenous: H(Ii ∪Ij ) = false. In order to increase the 

efficiency, the algorithm was modified by the inclusion of 

contour constants in SPF function i.e level set segmentation. Let 

Ω ∈ R3 be the image domain, and I(x) be the input image. Let 

c1, c2 be the constants inside and outside the contour. The 

proposed method uses selective step and no re-Initialization is 

required. It first penalizes level set function to be binary, and 

then uses a Gaussian filter to regularize it. The Gaussian filter 

can make the level set function smooth and the evolution more 

stable. The balloon force α is used for shrinking or expanding 
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the contour. The Signed Pressure Force (SPF) function is used to 

control the direction of evolution. The function ranges in {−1, 

1}. It uses local image information. It modulates the signs of the 

pressure force which shrinks of contour inside the object and 

expands of contour outside the object. A Gaussian kernel is used 

to regularize the level set function which not only regularizes it 

but also removes the need of computationally expensive re-

initialization. If the object boundary has gaps, the contour tends 

to leak and hence boundary leakage problem arises. This can be 

solved by applying an edge stopping function, which pulls the 

contour to the boundary. The existing methodology uses more 

iteration. The proposed methodology does not change the 

functionality of evolution but reduces the number of iterations. 

Therefore, the energy function of the proposed system was given 

by: 
 

equation(1) 

(∂∅)/∂t)=c1*c2*spf(I(x))*α|∇∅|,x∈ Ω 

 

equation(2) 

spf(I(x))=(I(x)-(c1+c2)/2)/(max(|I(x)-(c1+c2)/2|))  ,x∈Ω 

 

equation(3) 

c1(∅)=(∫Ω I(x)*H(∅)dx/(∫ΩH(∅)dx 

 

equation(4) 

c2(∅)=(∫Ω I(x)*(1-H(∅))dx/(∫Ω(1-H(∅))dx 

 

Using Eq. (1) the energy function can be formulated. The 

parameters such as sigma (σ), number of iterations, delta and 

alpha (α) can be varied to obtain the desired lung parenchyma. 

Decreasing σ results in incomplete lung lobe. On the other hand 

increasing σ results in large time consumption. The below 

diagram illustrates the same. We extract the lungs left and right 

region by using level set segmentation based thresholding, 

imclearborder and bwareaopen functions. The thresholding 

method is based on a threshold value to turn a gray-scale image 

into a binary image. The threshold is used to isolate lung tissues 

and the imclearborder is used to remove artifacts attached to 

border. The bwareaopen is used to remove objects in less pixel 

size[3]. 

 

 
 

Figure.4. Segmentation method 

In second step, we used the gradient magnitude as the 

segmentation function to show the nodule and nodule spine 

borders. For this we used the masks, and some arithmetic 

functions to compute the gradient magnitude. The gradient value 

is high at the borders of the objects and low inside the objects. 

The output image figure 6 shown below displays the spine 

border clearly. Spine border is used to find the nodules are 

cancerous or not. 

 

 
Figure.5.Spines region image 

 

Generally the cancerous nodules have spine border. The 

cancerous nodules are fully covered by the spines. To get the 

exact lung nodule image we perform further operation on 

previous output image of segmentation. The figure 7 is shows 

that the nodule image shows the cancerous and non-cancerous 

lung nodules are extracted from the CT scan image. 

 

 
Figure.6.Nodule image 

 

4. FEATURE EXTRACTION 

Image texture features Extraction stage is an important stage that 

uses algorithms and techniques to detect and separate various 

desired portions or shapes (features) of a given image. With this 

necessary feature required for analysis is extracted to predict the 

probability of lung cancer presence, the following two methods 

are used such as Binarization and GLCM, both methods are 

based on strong facts that related to lung anatomy and 

information of lung CT imaging. 

 

a) GLCM (Grey Level Co-Occurrence Method) 

The GLCM is a tabulation of how often different combinations 

of pixel brightness values (grey levels) occur in an image. Firstly 

we create gray-levelco-occurrence matrix from image by using 

graycomatrix function in MATLAB software. From this we can 

calculate texture measures from the GLCM. The features 

extracted using this method are (contrast, correlation, energy, 

Homogenity). 

 

b) BINARIZATION FEATURES 

Binarization approach has been applied for detection of cancer. 

In this we extract the number of white pixels and check them 

against some threshold to check the normal and abnormal lungs. 
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we started to count the black pixels for normal and abnormal 

images to get the average which will be denoted later as 

threshold then each image black pixels will be compared to this 

threshold, whether it is greater, then it is normal, else the 

opposite If the number of the white pixels of a new image is less 

that the threshold, then it indicates that the image is normal. 

Otherwise, if the number of the white pixels is greater than the 

threshold value, which shows that the image in abnormal and 

can find different features like area centroid perimeter etc.. 

Combining Binarization and GLCM approaches together will 

lead us to take a decision whether the case is normal or 

abnormal. 

 

5. NEURAL NETWORK CLASSIFIER: 

Supervised feed-forward propagation neural network ensemble 

used as a classifier tool. Neural network differs in various ways 

from traditional classifiers such as Bayesian and k – nearest 

neighbor classifiers. One of the main differences between them 

is linearity of data. Traditional classifiers like Bayesian and k – 

nearest neighbor requires linear data to work correctly. But 

neural network also works for non-linear data because it is 

simulated on the observation of biological neurons and network 

of neurons. Wide range of input data for training makes neural 

network to effort with higher accuracy level, or in other words a 

small set of data or large set of similar data makes system to be 

biased. Thus neural network classifier requires a large set of data 

for training and also long time to train to reach the stable state. 

But once the network is trained it works as fast as biological 

neural networks by propagating signals as fast as electrical 

signals. The architecture of the neural network contains of three 

layers such as input layer, hidden layer and output layer. The 

nodes in the input layer are linked with a number of nodes in the 

hidden layer. Every input node linked to each node in the hidden 

layer. The nodes in the hidden layer may linked to nodes in 

another hidden layer, or may be to an output layer. The output 

layer consists of one or more response variables. 

 

The Stages Performed in Neural Network Classifier:- 

1) Create feed-forward propagation network. 

 

2) Train neural network with the training samples and the group 

defined for it. 

 

3) Simulate the neural network to check the particular selected 

input sample has cancer or not. 

 

4) From the outcomes of network and the samples trained in 

network, classification rate is calculated. 

 

One of the most important attributes of a layered neural network 

design is choosing the architecture. The architecture of the 

neural network contains of three layers such as input layer, 

hidden layer and output layer. The number of input nodes is 

simply determined by the dimension, or size, of the input vector 

to be classified, generalized or associated with a certain output 

quantity. The input vector size usually corresponds to the 

number of distinct features of the input pattern. So in our project 

we have four features then the input layer will consist of four 

input nodes. When the size of a hidden layer is one of the most 

important considerations when solving actual problems using 

multilayer feed forward networks. The problem of the size 

choice is under intensive study with no conclusive answers 

available thus far for many tasks. The exact analysis of the issue 

is rather difficult because of the complexity of the network 

mapping and due to the nondeterministic nature of many 

successfully completed training procedures. Here we toke the 

number of hidden layer nodes is ten to get better classification, If 

we make more it will need more time to execute. The output 

layer nodes is one because we need just one result to make the 

classification.  The nodes in the input layer are linked with a 

number of nodes in the hidden layer. Every input node linked to 

each node in the hidden layer. The nodes in the hidden layer may 

link to nodes in another hidden layer, or may be to an output 

layer [8]. Let‟s show a figure to explain the feed forward 

propagation network: 

 
INPUT                   HIDDEN                     OUTPUT 

LAYER                   LAYER                      LAYER  

Figure.7. Feed-forward propagation network 

 

III. RESULTS: 
 

In this paper the result will showing by using the GUI in Matlab. 

The first step is running the program and GUI window will 

appear, this figure will show the GUI window: 

 

 
Figure. 8.GUI Window 

 

The second step is to choose the directory of  the dataset  and 

then press the training button to get the feature values for all 

images in dataset,  This shown in this figure: 
 

 
Figure.9.Training Dataset 
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Now press the read image button like in this figure: 

 
Figure.10.Read Image 
 

Then press the segmentation button to segment the cancer 

nodule like in this figure: 

 
Figure.11. Segmentation Step 
 

At last press the ANN classification button to decide if this 

image has disease or not, Like in this figure: 

 
Figure.12.ANN Classification 

The input of ANN in figure 12  is consiste of four 

values(contrast,correlation,energy,Homogenity),And ten hidden 

layer to increase the acuracy. The output is only one value called 

net. Depended on this vlaue it will decide if this image has 

disease or not.  Let‟s take another image with normal nodule, 

First read an image: 

 
Figure.13.Read An Image 
 

Then press the segment button to get the nodule like in the figure 14. 

 
Figure.14.Segmentation Step 
 

At last press the ANN button to get the result like in this figure: 

 
Figure.15. ANN classification 
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So this image has no disease according to the classifier which 

depended in his decision on the values of the features. 

 

IV. CONCLUSION: 

 

The task in this project is to detect and classified the cancer 

nodule in lungs, the algorithm is used for determine the cancer 

nodule is level set segmentation. The main purpose was to 

segment specific object from CT scan image of  patient's lung, 

Although there is many methods provides some  chance to 

segment specific object from these images, but it has some 

limitations, such as it depends on defected  object‟s intensity, 

very lengthy procedure, and high complexity some cases. It can 

also be cited that this method is not fully automated as it is 

implemented in MATLAB. The value of threshold is selected 

manually and better selection of threshold value gives better 

output. In this project the classification method used is artificial 

neural network (ANN) which implemented using open source. 

The accuracy of ANN is very high and gives the excellent result 

in comparing to other classification methods. The accuracy 

percentage that got it by using ANN reaches to 96%. The level 

set segmentation and the ANN are indicates that it can be used 

effectively for cancer nodule detection and classification and it 

can help the doctor  for the discovery of the disease in its early 

stages and provide the patient who have cancer with best 

medication to save his life. 

 

V. SCOPE OF FUTURE WORK: 

 

This project mainly deals with Computer Aided Diagnosis 

System (CAD) for detection and classification of lung cancer 

nodules from the Computer Tomography (CT) image using level 

set segmentation and artificial neural network approaches. These 

techniques are very much useful for the classification and 

detection of lung cancer nodules. The proposed CAD system 

with the level set segmentation and artificial neural approach 

provides the best result among the other techniques. In order to 

improve the performance of the proposed approaches, some 

future enhancements would be necessary in the present project 

work. The main objective of the future enhancements would be 

to increase the number of images in dataset and accuracy of the 

system. 

1) The future enhancements for this project are to use a large 

database to increase the number of image in dataset. The large 

database would provide options to do different operation in the 

dataset like add a new images and make an update in database 

etc.   

2) The second future enhancement of this project will be 

increase the number of features of the inputs of artificial neural 

network to improve the accuracy of the results to get better 

diagnosis for lung cancer. 

3) The third future enhancement of this project will be increase 

the resolution of the inputs images to the system by using other 

filtering techniques to get a better quality of images that entering 

the system and best diagnosis at the end. 
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