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Abstract: Lung cancer is one of the most common deadliest 

disease which has highest death rate as per the recent medical 

research. However, research indicates that early detection of lung 

cancer improves chances of survival. The disease is identified 

using nodules attached to lung walls and lung parenchyma. 

Nodules plays significant role in identifying cancer in lungs. The 

proposed approach to determine lung nodules has three stages 

preprocessing, feature extraction and classification. 

Segmentation is the preprocessing technique involves two phases 

namely lung parenchyma segmentation and lung nodules 

segmentation. Then, texture features and geometric features are 

extracted using feature extraction algorithms. Lastly, using 

classification techniques the nodules are classified as benign or 

malign. TCIA dataset was used for validation of the proposed 

approach. Form the dataset, CT images were used which have 

high density resolution and adequate information which helps to 

find every small detail easily. The proposed method helps in 

improving accuracy to find number of the lung nodules in lung 

region and also helps is differentiating benign and malign 

nodules using CNN architecture. Different classifiers such as 

SVM, MLP and CNN classifiers are used in comparison analysis. 

As the result, we conclude that the approach of feature extraction 

with CNN decreases the false positive rate significantly compared 

to the existing classification approaches. 

Index Terms—lung nodules, thresholding, morphological 

operators, segmentation, CNN classifier 

I. INTRODUCTION 

Cancer is defined as the spread and growth of the 

abnormal cells in various areas inside the body. The exact 

reason for causing this disease is not yet identified. It may 

be due to some of the habits like consuming tobacco, 

alcohol etc. or it may cause due to inheritance and also due 

to immune conditions. In the present growing world the 

technology is developing much faster along with that cancer 

cases are also developing in the world. Major cases of 

cancer can be cured in the early stages of detection. Cancer 

cells will grow faster than normal cells in the body and they 

form clusters to form nodules or tumors. If the cells form 

clusters primarily in lungs then the nodules are called 

primary lung nodules. However, if lung cancer cells breaks 

down and travel to different areas of body through blood 

vessels and forms cancer at various other fast for example 
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near bones. This type of cancer is called metasis or the 

secondary lung cancer. 

According to the global lung cancer coalition, lung cancer 

is the major killer among the various cancers like breast 

cancer, oral cancer, blood cancer etc. In every 30 seconds, 

someone, somewhere in the world due to lung cancer. The 

survival rate is about 20 percent after the diagnosis for the 

lung cancer. Recent researches indicate growth of lung 

cancer cases in women are twice that of the men among the 

smokers. Even among the non-smokers also the lung cancer 

cases are high in women only. Majorly there are two types 

of lung cancers and they are non-small cell lung cancer 

(NSCLC) and small cell lung cancer (SCLC). NSCLC is the 

most common lung cancer among the 75% cases of the lung 

cancer. All the nodules doesn’t be a cancerous cells. 

Nodules which are less than 3mm are benign tumors which 

does not leads to cancer and nodules which are greater than 

3mm are malign tumors which leads to cancer. Our aim is to 

find the both malign and benign tumors along with the 

nodules count which are growing inside and on the walls of 

lungs. 

In present growing world, computer aided diagnosis 

(CAD) systems helps in identifying various diseases in their 

early stages in medical field. Radiologists and doctors uses 

CADs for finding various diseases. In general skin cancer, 

lung cancer, prostate cancer symptoms are not identified in 

early stages so the use CADs plays major role here in 

identifying them. CAD systems success is measured in 

terms of accuracy, speed and automation level. When CT 

scans are compared to x-ray images CT scanned images are 

better to use for identifying lung nodules when compared to 

x-ray images. During x-ray waves are passed through body 

to identify the denser parts of body like bones. It is less 

likely used for identifying tumors. During CT scanning they 

takes the images of the lung in in 360 degrees so it helps us 

to find the nodules which are attached to bones, trachea etc. 

It helps to find the small abnormalities in the lung which 

helps radiologists to carry their diagnosis easily.  

Manual detection is possible only when the accurate 

information is acquired from the CT scanned images. 

However if the cancer is in benign stage, machine learning 

algorithms are required to determine the lung cancer. The 

detection of lung nodules is carried out in two steps. First, 

lung parenchyma is separated from CT scanned images and 

then lung nodules are detected from the lung parenchyma. In 

order to achieve better results we used morphological 

operators like hit, miss, close, open, erosion and dilation. 

Thresholding is used for segmenting both lung parenchyma  
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and lung nodules. In the recent years, Machine learning has 

made a remarkable presence in medical field applications. 

Using machine learning concepts the efficiency of 

classification and differentiation of nodules is improved. But 

the bottleneck is it needs a large amount of data. There are 

many ways for the classification of benign and malign 

nodules like SVM classifier, KNN classifier, EM algorithm 

and many others. The proposed model use 3D CNN 

architecture to differentiate them. Most of the medical 

images are in 3D format but CNN architecture uses 2D 

slices for classification. Existing machine learning 

techniques in medical analysis converts 3D data into 2D 

multi-channel representations i.e triplanar representation [1], 

and then feed them into 2D CNN. The proposed model uses 

CNN architecture to differentiate between malign and 

benign nodules. 

II. RELATED WORK 

Segmentation of lung region from CT scanned images can 

be done using various methods adaptive thresholding, gray 

level thresholding, water shedding, SNAKES, otsu’s 

thresholding. Some of the factors like subject tissue volume, 

physical atria properties, image acquisition protocol and 

degrees of inspiration makes selection of single gray scale 

value difficult [2]. Even adaptive thresholding method also 

have a limitation on it’s segmentation results like missing 

boundaries when there is niot much discontinuity is there[3]. 

Limitation of a water shedding method is t over 

segmentation of the images [2]. Yoshinori itai et al [4] uses 

active contour model i.e SNAKES for segmenting the lung 

region. Some of its limitation of this model is that to 

construct initial contours requires some human interactions 

and iterations to be specified for segmenting desired object. 

Helen r et al [5] proposed a method for segmenting the lung 

nodules using otsu’s algorithm. Using this the computational 

for segmenting the lung region from CT scanned images 

requires 90 seconds/slice. In general we will have 60-120 

slices of images in lung cancer cases so it takes more time to 

compute and give the results. So to overcome the above said 

limitations, the proposed method uses thresholding using 

HU values. The medical image data is in digital imaging and 

communications in medicine (DICOM) format which is 

measured in HU units. In our body each part has different 

Hu values. CT scanned images of lungs have water, fat, 

bones, tissues etc.so the table 1 shows different attenuation 

values of different tissues in our body[6]. 

Table 1: Attenuation values of different tissues [6] 

Substance HU range 

Air -1000 

Lung -400 to -600 

Nodule -150 

Fat -60 to -100 

Water 0 

Soft tissue +40 to +80 

Bone +400 to +1000 

For classification of the nodules there are many methods 

and each method has it’s limitations and advantages. 

According to the reference paper [7] limitations of that are 

GGO and juxeta-pleural nodules are not addressed and it 

was limited to cross validation. By using EM algorithm 

there is a limitation of missing nodules which are less than 

5mm but it’s applicability in some regions is very affective 

[8]. Using SVM classifier the accuracy of 84% is achieved 

but false positive rate is high. So the proposed method uses 

HU value for segmenting lung region then applying 

morphological operation false reduction and finally 3D 

CNN architecture is used to improve the efficiency. 

III. PROPOSED METHOD 

The work flow of the proposed method is described in 

Fig.1. The input images are CT scanned images, each image 

is of digital imaging and communication in medicine i.e in 

DICOM format with an extension of ‘dcm’. Each slice has a 

size of 512*512. In the proposed method DICOM images 

are used directly without converting. The input images are 

segmented, in two stages for both lung parenchyma and 

nodule segmentation. And then false reduction is applied to 

determine lung nodules which is shown in Fig.2 

 

 
Fig.1: Block diagram of the proposed approach 

 

The lung parenchyma segmentation is one of the 

important challenge problem because of dissimilarities in 

lung region and segmentation of lung regions will help in 

doing early diagnosis of lung cancer.  

The lung parenchyma from the given DICOM image is 

segmented by setting a threshold of -420 HU [6]. Apply 

closure operation with a disk radius 2 to close small area 

which is at the border of lungs. Then find the connected 

areas in the image to acquire the 2 largest portions of image 

i.e lungs. To fill holes inside the connected components we 

used closure operation with a structuring element which is 

disk of radius 12. Superimpose the resultant image with 

given image to get the lung regions, after this lung walls are 

removed by subtracting eroded image from the input image. 
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Fig.2 Flow chart for segmentation and false reduction 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(d) 

 
(e) 

Fig.3. a) Input image b) Thresholded image c) Eroded 

image d) Binary mask e) Segmented lung image f) 

Nodule detected 2D-Image of a single slice. 

 

Erosion is performed using the structured element disk 

with radius of 2, to increase the visual clarity of small 

nodules. To classify whether the nodules are benign or 

malign we need to extract their features. In this paper 

geometric and texture features are extracted. Nodules are 3D 

structural components which have both geometric and 

textural features. For geometric features binary mask is used 

and gray scale values are used for the textural features [7]. 

A. Geometric features: 

The following geometric features are calculated and used 

as features. 

(i) Volume(v): volume of the voxel that belongs to each 

object. 

(ii) Radius(r): 

r= 
  

  
 

(iii) Spherical disproportion(d): 

d=
 

     

(iv) Spherical density(s): Compress values of each 3D 

object 

s=
    

 
 

(v) Elongation: 

E=
     

     
 

Where AYmax is the measure of the bigger corner and the 

AYmin in the measure of the smaller corner. 

B. Texture features: 

(i) Skewness: It is the measure of lopsideness and also the 

measure of symmetricity. 

              
   

2 

Skewness = N 2 

Where N is no voxels and f(x,y,z) is the gray level at the 

location at the (x,y,z) where as µ and σ are the average 

intensity and standard deviation of the object. 

(ii) Kurtosis: It is the measure of peakedness of the 

histogram of the object. 

              
   

4 

Kurtosis = 

N 4 

(iii) Contrast: 

Contrast =               
   

   

   

   

2 

(iv) Energy: 

Energy =             
   

   
    

(v) Entropy: 

Entropy =                          
   

   
   )) 

(vi) Homogeneity: 

Homogeneity =   
 

        
   
   

   
   Co(i-j) 

(vii) Moment: 

Moment =  
          

        
   
   

   
    

IV. CLASSIFIERS 

CNN or conv NET is a class of deep learning which is 

most commonly used in imagery. To require minimal pre-

processing CNN uses multilayer perceptron. CNN is 

inspired from the biological process of neurons. CNN uses 

little pre-processing than the other image classification 

algorithm. CNN architecture takes advantage to constrain 

the architecture in more sensible way takes the images as the 

input. Unlike the other deep learning architectures, CNN 

takes the consideration weight, height and depth, where 

depth means the number of layers. CNN is made up of many 

hidden layers. Each hidden layer is made up of neurons 

where each neuron of present layer is connected to all the 

previous layer neurons. The last layer of the series hidden 

layers is output layer which gives the class scores. CNN 

layers has simple API which converts 3D volume input data 

into the 3D volume output data by using some differential 

function with may or may not have a parameters. 
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A simple CNN architecture has mainly 3 layers. They are 

convolution layers, pooling layers, fully-connected layer. 

They are arranged in the following order like Input-Conv-

Relu-Pool-Fc. The function of the each layer is explained 

briefly below.  

(i) Input layer: it takes raw pixel values of original image 

as the input. 

(ii) Convolution layer: This layer applies the convolution 

operation to the input image and passes the information to 

the next layer. This operation emulates the response of the 

individual neuron to visual stimuli. 

(iii) Relu layer: In this layer element wise activation 

function is applied. The size remains as unchanged as in 

convolution layer. 

(iv) Pooling layer: Down sampling operation is applied 

along the spatial dimensions. Pooling layers in the 

convolution networks may be local or global. Pooling layer 

reduces the dimension by connecting neuron clusters of the 

one layer to the single neuron of the other layer. Small 

clusters are combined in local pooling whereas global 

pooling acts on all the neurons in the layer. 

(v) FC layer: it means fully connected layer in which 

every neuron in one layer will be connected to other neuron 

in other later. It will follow the principle same as of multi-

layer perceptron (MLP). It helps to classify or identify the 

images.  

Also for comparison analysis SVM (Support Vector 

Machine) and MLP (Multi-Layer Perceptron) classifiers are 

used. 

V. RESULTS 

The proposed model used the dataset “The Cancer Imaging 

Archive” (TCIA) dataset from the LIDC-IDRI database. Each 

dataset has 60 to hundreds of images from different angles. 

The proposed algorithm is compared with the existing model 

in [1]. The existing approach considered only the nodules 

present in lung walls. The approach does not considered 

juxta-pleural nodules which are presented behind the bones. 

But the proposed approach considered these nodules into 

consideration which makes complex for the classification. 

Fig.4 shows the nodule detection in both 2dimensional and 

3dimensional view. The classification accuracy with MLP 

classifier is 87.75% and with CNN classifier is 91.28%. The 

comparison table is given in Table 2. 

 

 
(a) 

 
(b) 

 
(c) 

Fig.4. a) Input image b) Nodule detected 2D-image  

c) Nodule detected 3D-image. 

 

Table II. Comparison analysis of different classifiers for 

lung nodule detection 

Type of Classifier Accuracy (%) 

SVM 79.15 

MLP 87.75 

CNN 91.28 

Some approaches claim more accuracy than 91% but the 

proposed approach considered the juxta-pleural nodules into 

consideration for classification. So, we conclude that the 

proposed approach provides better accuracy along with false 

reduction. The proposed approach is compared with existing 

classifiers such as SVM and MLP. 
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