ANFIS Approach for Nodule Classification of Lung Cancer
Abstract: Lung cancer is a disease of uncontrolled cell growth in tissue of lung, the vast majority of primary lung cancers are carcinomas of the lung (NSCLC). Lung Cancers may be seen on chest radiography and computed tomography. The diagnosis is confirmed with a biopsy which is an invasive technique and it is usually performed via Bronchoscopy or CT-guided biopsy. Possible treatments include surgery, chemotherapy and radiotherapy. 

     It seems that CAD for this ﬁeld has come to an acceptable performance. This performance is not perfect yet, but the increased chance of ﬁnding a nodule with the help of CAD and the achievable workload reduction for the radiologist demand for usage of these systems in CT screenings as well as daily hospital practice. The most common features for classiﬁcation were gray-level features, shape descriptions, size information, calcification and margin.

      Our work presents a non-invasive method for classifying nodules of lung cancer using ANFIS. The diagnosis includes three steps: nodule extraction, statistical features extraction and classification. We perform tests with the help of low contrast lesions from computed tomography images with the resolution of 512x512 and the no. of nodules extracted is nearly 70 with the standard size of 25x25. The ANFIS used is hybrid network; it is the combination of least squares and the back propagation gradient descent method. It determines the error rate between training and testing data.
Index terms: Bronchoscopy, carcinomas, computer-aided diagnosis (CAD), adaptive neuro fuzzy logic (ANFIS).

I. INTRODUCTION.

     Cancer is a group of disease in which cells are aggressive (grow and divide without respect to normal limits), invasive (invade and destroy adjacent tissues) and sometimes metastasis (spread to other locations in the body). These three malignant properties of cancer differentiate them from benign tumors [1]. It is the most common cause of death in men and women is responsible for 1.3 million deaths world wide annually. The most common symptoms are shortness of breath, coughing and weight loss.
     The main types of lung cancer are small cell lung carcinoma and non-small cell lung carcinoma. The distinction is tat the treatment differs because the NSCLC is treated with surgery and SCLC response to the chemotherapy and radiation. The lung is a common place for metastasis from tumors in other parts of the body. These secondary cancers are identified by the site of origin. The main causes of lung cancer include carcinogens ionizing radiation, and viral infection.
Computer Aided Diagnosis.

      Computer-aided diagnosis (CAD) [2] has been an active area of study in medical image analysis, because evidence suggests that CAD can help improve the diagnostic performance of radiologists in their image interpretations [3-5]. Many investigators have participated in and developed CAD schemes for detection/diagnosis of lesions in medical images, such as detection of lung nodules in chest radiographs and thoracic CT. A generic CAD scheme consists of segmentation of the target organ, detection of lesion candidates, feature extraction and analysis of the detected candidates, and classification of the candidates based on the features.            

     Segmentation of lesions plays an important role in CAD schemes, because the accuracy of segmentation affects the accuracy of the feature extraction and analysis of segmented lesions, therefore the final accuracy of classification. Accurate segmentation is, however, difficult especially for complicated patterns such as lesions overlapping or touching normal structures, low contrast Lesions, and subtle opacities. With standard Segmentation methods [6-9] such as multiple threshold, normal structures overlapping or touching lesions are often erroneously included in segmented regions. 

II. PROPOSED WORK.


The proposed work is carried out with the low contrast 128 slice CT images with the resolution of 512x512.


A. Nodule Extraction.

 The nodules are extracted from the CT images with the standard size of 25x25. Nearly 70  nodules are extracted which are identified as the radiologist as 45 malignant, 18 benign and 7 false benign. These nodules are characterized by the three statistical measures.


B. Statistical feature Extraction.

(a). Mean:- The average of the distribution of the grey levels in the image.
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Where m0=1, m1=E [1] is the mean value of I.

(b).Standard Deviation:- This is the measure of the histogram width, that is, a measure of how much the gray levels differ from the mean.
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(c). Entropy: - Entropy is a statistical measure of randomness that can be used to characterize the texture of the image.

E=-sum (p.*log2 (p)).

C. Classification.

The classification is carried out using ANFIS. It involves two steps:

         (i). Training.

         (ii). Testing.

(i) TRAINING:-

     The system is loaded with the statistical features of all the 38 nodules along with the desired output from the workspace for training the network. The FIS is generated that creates an initial model for ANFIS training by first applying subtractive clustering on the data. The train FIS optimization methods are chosen as hybrid; that includes least square type along with back propagation gradient descent algorithm which trains the membership function parameters to emulate the training data. The error tolerance of e-3 is set as the stopping criteria for training. When the training error goal is achieved the training process stops, after which the average training error is noted. The structure is of the FIS is created and the training data versus FIS output is plotted.

(ii)TESTING:-

      The next step is to test the created model with the help of test data. The test data is loaded from the workspace. The testing data versus FIS output is plotted. The plot gives the clear view of classification and the testing error is noted.

     III EXPERIMENTAL RESULT:


The inputs consist of 38 data sets which includes 18 confirmed Benign 7 suspected case and 45 confirmed Malignant, as per radiologist.  In ANFIS the inputs are given with the desired output.  We assigned the desired output values as 0, 0.5 and 1 that is assuming true benign as 0, true malignant as 1 and other case as 0.5.

Training: Initially, the data sets are loaded and the error tolerance is fixed as 1e-3.  The training is taken place through the epoch, when the epoch was completed, the output of training shows that the input and trained FIS output are matched with slight deviations.  The average trained error was 0.02.  The Membership functions are generated by ANFIS itself as per the applied input and desired output.

Testing: In this, some of the input data are taken as a test data.  This test data contains a true malignant case, whose desired output is given as 0.5.  After the completion of testing, the plot of test data and FIS output shows that the data are correctly classified with the average testing error of 0.005.
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Fig(1)- Fuzzy Inference System
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Fig(2) – Training Plot
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Fig(3) Training data Vs FIS Ouput
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Fig(4) – Testing data Vs FIS Output

                IV. CONCLUTION:
            The ANFIS was found to be effective in classifying the nodules of lung cancer, which has an error rate of 0.02. It is possible to reduce the error with more number of inputs to be given. 
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