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Abstract - In this paper, an approach is proposed which uses CT scan images of lungs for the effective diagnosis of lung 

cancer at a prior stage thus increases the survival rate of patient. The most common sign of lung cancer is the pulmonary 

nodule. The most crucial and important aspect of image processing is the effective identification of lung cancer nodules. 

This system first preprocesses the image in dicom format (DCM) for removal of noise and segmentation of the region of 

interest. Feature vector is then defined by extracting the structural and textural features. In this paper, support vector 

machine(SVM) classifier is applied to detect lung cancer as well as its severity(whether stage 1 or stage 2)as this  algorithm 

achieves a accuracy of 95.12% which helps to reduce the mortality rate of this deadly disease by taking the remedial 

actions by patients. 

 

Index Terms - Dicom , classifier, SVM & feature vector. 

________________________________________________________________________________________________________  

I. INTRODUCTION 

Cancer is considered as a major health problem in the world today. According to GLOBOCAN 2012 statistics, 8.2 million deaths 

occurred in 2012 and 14.1 million new cases were diagnosed, due to cancer which is quiet high as compared to 12.7 million new 

cases and 7.6 million deaths due to cancer in the year 2008. According to study [1], it has been found that Lung Cancer causes the 

highest mortality rate worldwide than all other types of cancer. Lung cancer is considered as the most common malignancy 

leading to the cancer related death, survival from which is highly dependent on the early and accurate diagnosis [2]. If Lung 

cancer is diagnosed at an early stage, then there is a survival rate of 47% according to American cancer society. In present 

scenario, automated diagnostic systems field plays a crucial role in the diagnosis of any disease. Image Processing and data 

mining are such field where automated diagnostic system is designed especially for medical diagnosis results in the solution that 

can help in decreasing the mortality rate. 

With the increase in population, volume of data is also growing proportionally, so there is a greater need of extracting the 

knowledge from the data. Data mining contributes much towards this and has its application also in the healthcare industry. Lung 

cancer can use data mining for its early detection as being a disease it is highly dependent on previous data. Data mining has 

already have applications in the diagnosis of cancer such as classification of cancer stage from tree-text histology report [3], 

cancer lesion detection [4], and breathe biomarker detection [5] and pulmonary nodule detection [6], and so on. The automatic 

system that we define here takes the various images of the lung cancer patients as the input, preprocessed the images, extract 

features for forming the feature vector then performs the classification for the positive or negative category of lung cancer based 

on Support Vector machine (SVM). 

II. LITERATURE SURVEY 

 Various works already proposed for detection of the lung cancer has been summarized. 

The work presented in [7] proposes An automatic CAD system for early detection of lung cancer by analyzing LUNG CT images 

using several steps. The approach starts by extracting the lung regions from the CT image using several image processing 

techniques. Bit plane slicing technique is used in the first step in the extraction process to convert the CT image into a binary 

image. After the extraction step, the extracted lung regions are segmented using region growing segmentation algorithm. Then, 

the initial lung candidate nodules resulting from the Region growing segmentation are analyzed to extract a set of features to be 

used in the diagnostic rules. After that to segment the lung region to detect cancerous region and to get the accurate result. The 

work proposed in [8], implements a genetic algorithm for lung nodule detection based on spherical forms. The algorithm was 

tested on 70 CT scan tests and gets an accuracy of 90% by obtaining a correct detection of 160 nodules with  a false positive value 

of 14.6/test. The research work  presented in [9]  focuses on the problem of extracting the candidate nodule.  “Break and fix” 

methodology has used.  The performance of the method is measured by doing experiments on CT scans which shows accuracy 

and robustness. 

Using fuzzy rules [10] proposed a Template matching technique for detection of nodules existing within the lung area, based on 

genetic algorithms (GA) template matching (GATM). In the proposed work, the target position in the observed image was 

determine by GA efficiently and also the selection of  an adequate template image from several reference patterns for quick 

template matching. 
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In the work in [11], a three step segmentation process has been proposed for the analysis of lung image. If the area occupied by 

GGO (Ground Glass Opacity) is large in CT image, then doctor easily extract the features. However, when GGO exists as a small 

area, there is a higher possibility to overlook the light gray shadow . In their model, first step is to extract ROI to segment the lung 

area. Preprocessing of the CT slices is carried out by using binarization, labeling, shrinking and expansion to achieve better 

segmentation accuracy. Calculation of features of GGO shadows like mean value, semi interquartile range and standard deviation 

have been carried out in the second step. In the final step,  linear discriminant function is  used to extract the GGO shadow’s 

regions . Feature values of the suspicious shadows were calculated to classified them into a certain number of classes. 

In  [12], they proposes a method for obtaining the size of a nodule by analyzing  the scale space, and uses Gauss Laplacian for 

obtaining the features, after that, the diameter is obtained. 

 

III. METHODOLOGY 

This section gives the detailed description of the proposed lung nodule classification methodology .The system comprises of the 

following steps: 1) Image acquisition,2)Preprocessing,3) Postprocessing, 4) Calculation texture and structural features and SVM 

classification. The classifier is trained and tested, and used to predict the severity of the cancer patient (stage-I or stage-II).  

Explanation of each stage is presented in the following section: 

 

A.  Image Acquisition 

      The initial stage of the proposed automatic techniques is the extraction of lung region from the CT scan image.  . The 

grayscale images of the lungs with and without nodules. The images were in digital imaging and communications in medicine 

(DICOM) which is the standard for medical images. 

 

 
Fig 1. Original CT scan image of lung 

 

B.  Preprocessing 

      In this section, preprocessing step is described to get the clear region of interest(ROI).Gaussian white noise is the most 

common noise present in the dicom images. The input image is converted to gray scale and to remove Gaussian white noise, Non 

Local Mean filter is applied. Lung nodule is separated from other part of the CT scan images by the help of segmentation .Otsu's 

threshold algorithm is used for the segmentation purpose. 

 

 
(a)                    (b)                                      (c)                                    

 

Fig 2: Segmentation: a) Original Image, b) Background removed Image, c)Threshold Image. 

 

C.  Postprocessing 

      To detect nodules, post processing enhancement is done to get the clear image. After segmentation following steps are    

performed for enhancement : 1)Morphological opening and closing are performed to eliminate small objects present inside and 

outside the lungs in segmented image and borders enhancement and the gaps in the border is filled by morphological closing 

respectively. 2) Boundary detection of the enhanced image is done through canny edge detection. 3) Then Morphological thinning 

is applied. 4) To remove extra muscle part from an image except the lungs, morphological filling is applied then get the final post-

processed image.  
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Figure 3 shows the post-processing enhancement process in detail. a)Morphological Operations, 

 b)Border Detected Image, c)Border Thinned Image, d)Filled Image 

 

 

D. Feature Extraction 

Lung nodule detection is one of the most difficult task in computerized lung cancer detection system as lung nodules attached to 

blood vessels and both are similar in grey scale[13].In this module, output of post processing is given as input for extracting the 

feature of nodule.  On the basis of these features, classifier is trained and tested for providing the final output i.e. severity of the 

disease. Various features for detecting the lung nodule and formulation of feature vector is described as FV={F1,F2,F3F4,F5,F6}. 

These features are described as: 

1. AREA: It is a scalar value that gives the total number of pixels in the area Of Interest and helps   in isolating small 

objects. 

2.  EQUIV DIAMETER: It is the diameter of a circle with the same area as the area Of Interest, defined in equation (2.1).  

Equiv diameter = √
4∗𝐴𝑟𝑒𝑎

√𝜋
                           2.1 

3. CONVEX AREA: It is value that gives the number of pixels in convex image of the area Of Interest which is a binary 

image with all pixels within the hull filled in. 

4. SOLIDITY: The percentage of the pixels in the convex hull that are also in the area Of Interest as defined in equation 

(2.2). 

solidity = 
𝑎𝑟𝑒𝑎

𝑐𝑜𝑛𝑣𝑒𝑥 𝑎𝑟𝑒𝑎
                                     2.2 

                                

5. ENERGY: is used to describe measure of information in an image, represented in equation (2.3).  

energy ( j ) = ∑ 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦(𝑘)𝑘
2                               2.3 

 

6.  MEAN & STANDARD DEVIATION: The mean  value of an image gives the average intensity value of all the pixels 

in the same region defined in equation (2.4) and standard deviation,is a measure of how much that gray levels differ from 

mean, defined by equation (2.5) 

Mean(g) = 
1

𝑁
∑ 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦(𝑘)𝑁

1                        2.4 

 

Std(g) = 
1

𝑁
∑ (𝑀𝑒𝑎𝑛(𝑘) − 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦(𝑘))𝑁

𝑘=1
2                      2.5 

 

    For classification purpose, the feature vector is fed to SVM classifier.. SVM Classifier performs classification by using the 

following 3 functions. Training of classifier for 2 classes has been done by selecting data from database. By using nonlinear 

mapping, selected feature input data is transformed into a high dimensional space, then next step searches for linear separating 

hyper plane in the new space. By using the following steps, SVM classifier is trained for 2 classes. Prediction of the lung cancer 

at early stage or the status of patient is done using this classifier. 
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IV. EXPERIMENTAL RESULTS 

The proposed scheme is thoroughly tested using different lung CT image dataset. A total of 111 images for stage- I and 70 

samples for stage-II dataset is taken for experiment from National Lung Screening Trial (NLST). Four-fifth of the total data is 

used for training and the remaining one fifth is used for testing the classifiers. The Confusion Matrix for the SVM, are shown in 

table 1.For testing purpose, dataset is 24 images of stage I and 17 images of stage II. Confusion matrix is shown in table 1.   

TP(True Positive) is 24,depicting that 24 images of stage I are predicted as stage I, FP(False Positive) is 2,depicting 2 images of 

stage II are predicted as stage I, FN(False Negative) is 0, that is no image of stage I are predicted as stage II. TN(True Negative) 

is 15, means 15 images of stage II are predicted as stage II.  
 

Table 1: Confusion Matrix for SVM Classification 

 

 Actual 

Positive Negative 

Predicted 
Positive 24  

Negative 0 15 

 

Table 2 shows the Performance Metrics (Recall, Accuracy, Specificity, and Precision,) for the test data. 

 

Table 2: Performance Metrics for test data 

 Metrics 

Classifier Accuracy(%) Precision(%) Recall(%) Specificity(%) 

SVM 95.12 92.31 100 88.24 

  

From table 3, it is clearly shown that accuracy of SVM is 95.12% which is much better than the other classifiers. SVM thus more 

accurately predicts images of stage I and stage II . 

 

TABLE 3: Comparison of proposed method with existing techniques 

 

Author Accuracy 

Armato et. al [14] 85.3%  

 

Martin et. al [15] 89.6%  

 

Ozekes et. al [17] 94% 

 

Kim et. al [16] 88.6%  

 

Proposed Method 95.12% 

V.  CONCLUSION 

      In this paper, we achieved our purpose of developing an automatic system of higher accuracy using image processing and 

classification technique for predicting the status of the patient at an early stage of lung cancer. Detailed feature set has been 

successfully detected. The results got are very satisfactory as the system is more accurate and efficient as SVM classifier has an 

accuracy of 95.12% with RBF Kernel. 
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