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computerized classification of CT lung images using CNN with watershed segmentation








ABSTRACT


Cancer is a major threat to the lives of human beings. Around 74% of the people who get affected by cancer lost their lives. But early detection of cancer cells can prevent death rates. CT(Computerized Tomography) is one of the major used for cancer cell identifications by the oncologist. Computer-aided cancer detection plays a major role in the detection of cancer in an early stage. Classification of CT scan images comes as the first stage for computer-aided detection of cancer cells. CNN(Convolution Neural Network) based classification method along with Gaussian Filtering and Watershed Segmentation is proposed for effective classification of CT Scan Images.500 CT Scan images of Bone, Brain, Lung, Kidney, Neck are collected from the Oncology Department, Manipal Hospitals, Vijayawada. The accuracy rate of 94.5% is achieved with the proposed CNN based classification CT Scan images.











CHAPTER-1
INTRODUCTION


Lung  cancer  is  one  of  the  most  common  cancers,  ac-counting  for  over  225,000  cases,  150,000  deaths,  and  $12billion  in  health  care  costs  yearly  in  the  U.S.  [1].  It  is  alsoone  of  the  deadliest  cancers;  overall,  only  17%  of  people  inthe  U.S.  diagnosed  with  lung  cancer  survive  five  years  afterthe  diagnosis,  and  the  survival  rate  is  lower  in  developingcountries.  The  stage  of  a  cancer  refers  to  how  extensively  ithas metastasized. Stages 1 and 2 refer to cancers localized tothe  lungs  and  latter  stages  refer  to  cancers  that  have  spreadto  other  organs.  Current  diagnostic  methods  include  biopsiesand imaging, such as CT scans. Early detection of lung cancer(detection during the earlier stages) significantly improves thechances for survival, but it is also more difficult to detect earlystages of lung cancer as there are fewer symptoms [1].Our  task  is  a  binary  classification  problem  to  detect  thepresence of lung cancer in patient CT scans of lungs with andwithout early stage lung cancer. We aim to use methods fromcomputer  vision  and  deep  learning,  particularly  2D  and  3Dconvolutional neural  networks, to  build an  accurate classifier.An accurate lung cancer classifier could speed up and reducecosts of lung cancer screening, allowing for more widespreadearly detection and improved survival. The goal is to constructa computer-aided diagnosis (CAD) system that takes as inputpatient chest CT scans and outputs whether or not the patienthas lung cancer [2].Though  this  task  seems  straightforward,  it  is  actually  aneedle in the haystack problem. In order to determine whetheror not a patient has early-stage cancer, the CAD system wouldhave  to  detect  the  presence  of  a  tiny  nodule  (<10  mm  indiameter  for  early  stage  cancers)  from  a  large  3D  lung  CTscan  (typically  around  200  mm×400  mm×400  mm).  Anexample of an early stage lung cancer nodule shown in withina  2D  slice  of  a  CT  scan  is  given  in  Fig.  1.  Furthermore,  aCT  scan  is  filled  with  noise  from  surrounding  tissues,  bone,air,  so  for  the  CAD  systems  search  to  be  efficient,  this  noisewould  first  have  to  be  preprocessed.  Hence  our  classificationpipeline  is  image  preprocessing,  nodule  candidates  detection,malignancy classification.In  this  paper,  we  apply  an  extensive  preprocessing  tech-niques  to  get  the  accurate  nodules  in  order  to  enhance  theaccuracy of detection of lung cancer. Moreover, we perform anend-to-end training of CNN from scratch in order to realize thefull potential of the neural network i.e. to learn discriminativefeatures. Extensive experimental evaluations are performed ona  dataset  comprising  lung  nodules  from  more  than  1390  lowdose CT scans.

STAGES INVOLVED TO DETECT LUNG CANCER
In the medical field to detect a disease, many of the image pro-cessingstrategies   can   be   applied.   To   improve   the detection  of  lung  cancer  in  the  CT  images  there  are  four main  steps  involved.  At  each  step,  various  techniques  are applied  which  resulted  in  different  accuracies  in  detecting the lung cancer. Firstly, the lung CT image is pre-processed to remove any noises that exists in the image. Secondly, the image is segmented to get Region of Interest (ROI). Thirdly, feature  extraction  is  applied  to  extract  features  like  energy, entropy,  variance.  Finally,  different  classification  algorithm is  applied  on  the  extracted  features  of  the  lung  CT  image. All  these   steps  are  involved  to  detect  lung  cancer  are depicted in Fig .
Pre-ProcessingImage 
 pre-processing is the  first and important technique involved in lung cancer detection. Pre-processing technique is needed to improve the detection accuracy and to eliminate some   regions   of   CT   Image   such   as   background   and surrounding  tissues  or  vessels.According  to  Sagamithara  et al., [4] lung cancer can be detected in the classification stage by applying back-propagation, and in the pre-processing. stage,  Median  filter  is  applied  to  remove  the  noise  and Wiener filter is applied to deblur the image. Deep Prakash et al.  [5]  eliminated  the  noise  of  the  image  and  the  image  is then converted to grayscale image in the processing stage to remove the irregularities present in the image.Janee et al., [6] used colour space transformation, contrast enhancement  and  image  scaling  are  applied  in  the  pre-processing  stage  for  enhancement  of  the  image.  Twinkal  et al.,   [7]   in   the   first   stage   initiated   with   the   process   of enhancing  the  image,  which  enhances  the percipienceof images.  One  of  the  image  enhancement  methods  is  by equalization   of   the   histogram,   which   standardizes   the contrast    in    the    image.    Foreground    and    background separation  method  and  image  enhancement  are  applied  by Mithuna  et  al.  [8]  in  the  Pre-processing.  Talebpour  et  al. [11] firstly, converted all of the images to grayscale images using  simple  thresholding.    Kalaivani  et  al.  [12]  converted the image to grayscale and applied Histogram equalization.

Segmentation
The   process   of   segregating   the   digital   image   into numerous  parts,  so  as  to  use  the  information  retrieved  and identify  the  objects  easily  from  the  segmentation  process effectively is Image Segmentation. To perform segmentation on   an   image   there   are   different   techniques   including, thresholding using Otsu’s Method, watershed segmentation, colour  based  segmentation  such  as  k  mean  clustering,  and texture methods such as texture files. K-mean  clustering  is  used  in  the  segmentation  stage  of  the pre-processed  CT  images  by  Sangamithra  et  al.  [4].  After  the prepressing  stage,  the  Region  of  Image  is  extracted  in  the segmentation  stage  by  Deep  Prakash  Kaucha  et  al.  [5],  which selects only the selected region from the lung CT Image. Later, DWT (Discrete Wavelet Technique) is applied on the extracted ROI, to perform compression and multi resolution analysis. By applying  DWT,  the  processed  image  is  divided  into  four  sub-bands LL, LH, HL and HH, again second derivative level DWT is  applied  on  LL  band  for  finding  the  smooth  variation.  The maximum  content  of  the  information  is  in  the  LL  Band  and edges in other directions apart from horizontal are preserved in the other higher sub bands. After  the  pre-processing  of  the  image,  Threshold  and Watershed-Based-Segmentation  are  applied  by  Janee  et  al. [6]. Twinkal et  al. [7] To extirpate  the  background,  without disturbing  the  other  additional  pixels,  OTSU  Segmentation is  applied.  Adaptive  diffusion  active  contour  model  is  used to perform segmentation by Mithuna et al. [8]. Talebpour et al.  [11]  used  HU  units  standard  to  perform  segmentation. Later, they have filtered the segmented images using CNEF (Cylindrical Nodule Enhancement filter) which is a 3D filter that  improves  the  enhancement  of  nodule.  Kalaivani  et  al. [12] segmented the images using thresholding
.3. Feature SelectionFeature  extraction  is  a  predominant  step  in  the  image processing,  edges  and  lines  convey  the   most  important information   of   an   image   which   needs   to   be   extracted. Features  that  exist  are  extracted  by  implementing  Gray-Level-Co-Occurrence  Matrix  (GLCM)  where  analyzing  the texture  of  an  image  where spatial  relationship  of  pixels  are to be considered. The GLCM functions calculates how often pairs of pixels with specific values and in a specified spatial relationship occur in an image  that  characterizes the  texture of an image. Creating a  GLCM,  which then resulting in the extraction   of   measures   from   the   matrix.   Some   of   the statistical   features   calculated   from   contrast,   correlation, energy, homogeneity.Sangamithra  et  al.  [4]  extracted  the  features  like  energy and    homogeneity.    Entropy    and    co-relation    are    also considered     for     extraction     using     GLCM     after     the segmentation  stage.  Deep  Prakash  et  al,  [5]  in  the  feature extraction   stage,   Using   GLC   matrix   the   properties   like energy,  entropy,  variance,  dissimilarities  and  co-occurrence are  extracted.  GLCM  extraction  technique  used  by  Janee  et al.   [6],   which   arranges   massive   incorporation   of   pixel brightness  values  in  a  sample.  Later,  the  authors  used  the properties  like  mean,  entropy,  homogeneity,  smoothness, fluctuation,  standard  deviation/n,  RMS,  IDM,  relationship, kurtosis and vitality. Twinkal   et   al.,   [7]   extracted   three   features   such   as entropy, contrast, energy which improves efficiency and can be  easily  evaluated  for  classification.  Mithuna  et  al.,  [8] extracted     features     like     area,     perimeter,     circularity.  Talebpour  et  al.,  [11]  extracted  both  geometric  and  text features.   Geometric   features   like   volume,   surface   area, spherical  density  and  disproportion,  elongation,  radius  are extracted     using     binary     Mask.     Text     features     like Homogeneity,    Moment,    Entropy,    Kurtosis,    Skewness, contrast   and   energy   are   extracted   using   Gray   Level. Kalaivani   et   al.   [12]   applied   regionprops   function   and extracted features like  Perimeter, Major Axis  Length,  Area, Minor Axis Length, Solidity and Eccentricity.

Classification
A kind of supervised machine learning where an algorithm classifies new deductions from existing examples of labelled data is nothing but Classification. Different classification algorithms are applied on the extracted feature images like Back Propagation, Support Vector Machines (SVM), Convolution Neural Networks (CNN).According to Sagamithara et al., [4] lung cancer can be detected using a back-propagation model, which resulted in the accuracy of 90.65%. Deep Prakash et al., [5] applied Support Vector Machines (SVM) to perform classification, which uses optimum linear separating hyperplanes that classifies the image. To classify into normal or cancerous, linear kernel is applied. This model has achieved an accuracyof 95.16%.Instead of detecting the cancer, Janee et al., [6] proposed to predict the nodule on the CT Image. In the classification stage they have utilized SVM classifier for the data classification, where they bisected the whole area affected by the disease with the total area of the lung to calculate the affected region of the image which resulted in the accuracy of 97%. Mithuna et al., [8] used SVM for the classification purpose.

IMAGE CLASSIFICATION 
Classificationis   a   data   mining   (machine learning)techniqueused to predict group membership for data instances.
Neural  Networks:Neural  networksare  one  of  the learningalgorithmsused  within  machine  learning. They  consist  of  different  layers  for  analyzing  and learning  data.  Neural  Networkslearn  and  attribute weights  to  the  connections  between  the  different neurons  each  time  thenetworkprocesses  data.  The purpose of a neural network is to learn to recognize patterns in your data.

A. AlexnetPretrained  
Alex Net  convolution  neural network AlexNet is a convolutional neural network that  is  trained  on  more  than  a  million  images  from the ImageNet database. The network is 8 layers deep and can classify images into 1000 object categories. As  a  result,  the  network  has  learned  rich  feature representations  for  a  wide  range  of  images.  The network  has  an  image  input  size  of  227-by-227.Apretrained  AlexNetto  classify  a  new  collection  of images. This process is called transfer learning and is usually much faster and easier than training a new network.It consisted 11x11, 5x5,3x3, convolutions, max  pooling,  dropout,  data  augmentation,  ReLU activations, SGD with momentum. It attached ReLU activations   after   every   convolutional   and   fully-connected layer.The network will consist of several convolutional networks  mixed  with  nonlinear  and pooling layers. When the image passes through one convolution   layer,   the   output   of   the   first   layer becomes  the  input  for  the  second  layer.  And  this happens with every further convolution layer.
The nonlinear layer:is added after each convolution operation. It has an activation function, which brings nonlinear property. Without this property a network would not be sufficiently intense and will not be able to model the response variable (as a class label).

B. Pooling layer
The pooling layerfollows the nonlinear layer. It  works  with  width  and  height  of  the image  and performs a down sampling operation on them. As a result, the image volume is reduced. This means that if  some  features  (as  for  example  boundaries)  have already been identified in the previous convolution operation, then a detailed image is no longer needed for  further  processing,  and  it  is  compressed  to  less detailed pictures.




C. Fully connected layer.
After  completion  of  series  of  convolutional, nonlinear  and  pooling  layers,  it  is  necessary  to attach fully  connected  layer.  This  layer  takes  the output information from convolutional networks Attaching  a  fully  connected  layer  to  the  end  of  the network results in an N dimensional vector, where N is  the  number  of  classes  from  which  the  model selects the desired class.
D.Rectified linear
 Unit ReLUis  important  because  it  does  not saturate;  the gradient  is  always  high  (equal  to  1)  if the  neuron  activates.  As  long  as  it  is  not  a  dead neuron,   successive   updates   are   fairly   effective. ReLU  is  also  very  quick  to evaluate.Compare  this to  sigmoid  or  tanh,both  of  which  saturate  (if  the input is very high or very low, the gradient is very, very  small).More  generally,  nonlinear  activation functions are important because the function you are trying  to  learn  is  usually  nonlinear.  If  nonlinear activation functions weren’t used, the net would be a large linear classifier, and could be simplified by simply  multiplying  the  weight  matrices  together (accounting for bias).
F. Soft axing
The SoftMaxfunction     is     used     in variousmulticlassclassificationmethods,    such as multinomial  logistic  regression(also  known  as SoftMaxregression).The SoftMax function is often used  in  the  final  layer  of  a  neural  network-based classifier.  Such  networks  are  commonly  trained under alog loss(orcross-entropy) regime, giving a non-linear variant of multinomial logistic regression.  Since  the  function  maps  a  vector  and  a specific index to a real value. 


CHAPTER 2
2. SYSTEM ANALYSIS
2.1 EXISTING SYSTEM

Lung cancer is the most common cause of cancer-related deaths worldwide. Hence, the survival rate of patients can be increased by early diagnosis. Recently, machine learning methods on Computed Tomography (CT) images have been used in the diagnosis of lung cancer to accelerate the diagnosis process and assist physicians. However, in conventional machine learning techniques, using handcrafted feature extraction methods on CT images are complicated processes. Hence, deep learning as an effective area of machine learning methods by using automatic feature extraction methods could minimize the process of feature extraction.
2.1.1 DRAWBACKS OF EXISTING SYSTEM 

Detection of lung cancer was very challenging and radiologist used to take enormous amount of time, if they manually detect the nodules by using CT scans. Therefore, an automatic  system  is  required  which  help  the  radiologist  to take the decision fast while reducing their work load.









2.2. PROPOSED SYSTEM
In this study, two Convolutional Neural Network (CNN)-based models were proposed as deep learning methods to diagnose lung cancer on lung CT images. To investigate the performance of the two proposed models (Straight 3D-CNN with conventional softmax and hybrid 3D-CNN with Radial Basis Function (RBF)-based SVM), the altered models of two-well known CNN architectures (3D-AlexNet and 3D-GoogleNet) were considered. Experimental results showed that the performance of the two proposed models surpassed 3D-AlexNet and 3D-GoogleNet. Furthermore, the proposed hybrid 3D-CNN with SVM achieved more satisfying results (91.81%, 88.53% and 91.91% for accuracy rate, sensitivity and precision respectively) compared to straight 3D-CNN with softmax in the diagnosis of lung cancer.
2.2.1. ADVANTAGES OF PROPOSED SYSTEM

· Accurately identifying lung cancer in the early stages is preferred; otherwise it may lead to a disaster.  CT  scan  is  done  by  radiologists  to  identify  lung cancer  using  CAD  (Computer Aided Diagnosis).

· CT scan images are high resolution and very clear with  low  noise  distortion.Second  stage  is  preprocessing which  helps  in  enhancing  the  image  quality.


CONCLUSION 
CONCLUSION


The  work  which  has  been  carried  out  through  this  paper mainly focuses on the literature survey to detect lung cancer. Median  filter,  Histogram  Equalization  are  applied  and  used in   preprocessing   stage.   Watershed   and   ROI   also   are segmented in the next stage which is a part of segmentation. Techniques  like  Back  Propagation  Model,  Support  Vector Machine  classifier,  Feed  Forward  Neural  Networks  and Convolution    Neural    Networks    are    applied    in    the classification stage. By applying these techniques at various stages    resulted    in    different    accuracies    detection    and confirmation  of  early  detection  of  cancer.  When  compared with   other   machines   of   cancer   detection   only   Support Vector Machine has achieved the highest accuracy.
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