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ABSTRACT  

In the past eras, an immense deal of research work has been dedicated to the development of systems that could 

increase radiologists’ accuracy in detecting the lung nodules. In spite of the huge efforts, the difficulty is still 

open. This paper describes a methodology for automatic detection of lung nodules from Computed Tomography 

images. Computed Tomography (CT) is the most responsive imaging technique for detecting lung nodules, and 

currently being estimated as a screening tool for lung cancer in a large number  of  trials,  calculated  all  over  

the  world.  Most medical analysis systems are founded on vast quantities of training data and take longer 

processing time. So for reducing these problems a medical diagnosis system based on Hidden Markov Model is 

presented. This automation process reduces the processing time and increases the diagnosis confidence. 

Keywords:  Computer Tomography Image,  HMM,  Lung Nodule Segmentation, Wiener filter ,    

Computer Aided Diagnosis. 

 

I.INTRODUCTION 

Lung cancer is the uncontrolled increase of abnormal cells that begin off in one or both lungs; frequently in the 

cells. The abnormal cells don't develop a healthy lung tissue, they divide easily and form tumors. While cancer 

spreads it is a great deal to treat successfully. Primary lung cancer initiates in the lungs, while secondary lung 

cancer begins to spread somewhere in the body of the lungs. One of the main types of lung cancer is Squamous 

Cell Carcinoma of the lung. This is a tumor that develops from Squamous Cells which line the airways of the 

lungs. Adenocarcinoma lung cancer is tumor occurring from cells lining the airways of the respiratory system. 

They are considered different kinds of cancers and are not delighted in the same way.  

The National Cancer Registry Programme of the Indian Council of Medical Research [24][1], which performed 

medical survey at six various parts of the country, explained varying figures for various areas. According to the 

World Health Organization (WHO)[2], 7.6 million deaths globally each year are caused by cancer; cancer 
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represents 13% of all global deaths. As seen lung cancer is the number one cancer killer. The American Cancer 

Society [15] states that lung cancer formulates 14% of all newly diagnosed cancers are found. The detection of 

nodule in lung is very difficult to interpret and time consuming for the radiologists. It may cause high false-

negative rates for detecting small lung nodules, and thus potentially miss a cancer [20].  

Computer-aided diagnosis (CAD) is one of the main research topics in medical imaging and diagnostic 

radiology. It is mainly used in the interpretation of medical images in a short time. It reduces the risk and 

maximizes chance of success. Some of the Computer Aided Diagnosis systems (CAD) use Support Vector 

Machine(SVM), Fuzzy Logic, Back Propagation Neural Network (BPNN), Artificial Neural 

Network(ANN)[13]. Disadvantages of these methods are time consumption and increasing amount of training 

data. To overcome the disadvantages of the traditional methods, a medical diagnosis system based on Hidden 

Markov Model is proposed in this work.  

The framework of the proposed method consists of five modules. In the first module, image acquisition of lung 

features and noise removal is performed. The Second module is related to the segmentation of ROI features of 

lung which can be determined using segmentation algorithm such as region growing and thresholding approach. 

Third module is edge detection for segmenting the corresponding lung nodule region. Fourth module is feature 

extraction for extracting corresponding lung nodule and finally lung nodules are classified using HMM 

algorithm, which are a generalization of mixture models. In addition to several mixture components, they 

include a state variable to indicate the mixture component active at the current time step and a set of 

transition probabilities to indicate the likelihood, In which each component will become active, if the given 

previously active component there exists an expectation-maximization (EM) algorithm identified as the 

Baum-Welch algorithm, for finding maximum likelihood approximates of the parameter values of HMM 

[20]. This algorithm is easy to understand and easy to implement [20].  

The rest of the paper is organized as follows. Section II describes the novel method for automatic segmentation 

of pulmonary nodule. Section III describes the experimental results and discussions. Section IV describes the 

conclusion and the further work. 

II. PROPOSED WORK 

The Fig. 1 describes the modules involved in the novel method for automatic detection of pulmonary nodule. The 

input CT image is subjected to be processed by the following modules sequentially.  

 

 

 

 

 

Image Acquisition 

Preprocessing Module (Wiener Filter) 

Segmentation (Region Growing, Thresholding 

Approach) 
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Fig. 1 Flow diagram of the proposed method 

2.1. Image Acquisition 

A Computerized Axial Tomography scan is an X-ray procedure that combines many X-ray images with the help 

of a processor to create cross-sectional analysis and three-dimensional images of the interior organs and 

structures of the body. Computerized Axial Tomography is more commonly known as CT scan or CAT scan. 

Tomography defines the method of generating a two-dimensional image of a portion or section through a 3-

dimensional object (a tomogram). A CT scanner emits a series of thin beams through the patient’s body as it 

moves through an arc, distinct an X-ray machine which sends just one radiation beam. The resulting image is 

distant more detailed than an X-ray one. Within the CT scanner there is an X-ray detector which can observe 

hundreds of dissimilar levels of density. It can be used to view inside a solid organ. This information is sent out 

to a processor, which makes up a 3 dimensional cross-sectional picture of the part of the body and displays it on 

the screen. 

CT scan refers to regular and irregular structures in the body and/or help in measures by helping to accurately 

guide the assignment of instruments or treatments [4]. 

2.2. Preprocessing Module 

The most important method for removal of noise in images caused due to linear motion, unfocused optics and 

vibrations. Noise reduction mainly done through image blurring. Blurring can be done through Gaussian 

smoothening model. Blurred images are analyzed and deblurred by means of wiener filter[23]. It is based on a 

statistical approach. Typical filters are designed for a desired frequency response. However, the intend of the 

wiener filter takes a different approach. One is assumed to have knowledge of the spectral properties of the 

original signal, noise, and the linear time-invariant filter whose yield would come as close to the original signal 

as probable. Using this process noise is removed from the CT images. Wiener filter gives the optimal way of 

tapering off the noisy components. It is expressed as, 

Classification 

Edge Detection 

 Lung Nodule Segmentation 

 
Feature Extraction 
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                            2^2
)( ffEe     (1) 

                                f^  = minimize the statistical error function 

       f   = undegraded image 

Wiener filter is responsible for optimization, which could be characterized via the reduced mean squared error. 

It minimizes the mean-square value of the error signal that is defined as the variation between some desired 

response and the actual filter output. For stationary inputs, the final solution is commonly known as the Wiener 

filter[21].  

2.3. Segmentation 

Image segmentation is an important concept in image processing. Segmentation is a method of representing and 

extracting information from an image of similar characteristics. Segmentation of medical image of soft tissue 

into a region is a difficult problem because of the large variety of characteristics [6][7]. Some of the 

segmentation methods are thresholding, morphological operations, region growing, edge detection, ridge 

detection, fitting of geometrical models or functions and dynamic programming. In this work region growing 

and thresholding approach are employed for segmentation. The goal of these two methods is to identify the 

region of interest (ROI) which helps in determining the cancer region. Region growing is a simple region-based 

image segmentation method. This method of segmentation examines neighboring pixels of initial “seed points” 

and determines whether the pixel neighbors should be added to the region, which is shown in Fig.5. In this 

method ROI region are identified. Region-based segmentation is a technique for determining the region directly. 

Computer Aided Diagnosis can be divided into two groups [6][8]; density-based and model-based approaches. 

One of the techniques in density-based detection methods is region growing[3]. 

Second technique is the thresholding approach, in which lung regions are segmented by manually giving 

threshold value. For that purpose we are using Otsu’s threshold algorithm. By setting different threshold value, 

left and right lung are segmented that is shown in the Fig.6. Otsu’s algorithm use the (gray thresh) function 

which computes global image threshold using Otsu's method. Otsu’s algorithm is based on threshold selection 

by statistical criteria. Otsu’s describes to establish an optimum threshold which decreases the weighted sum of 

within-class variances of the object and background pixels. This method gives satisfactory results for bimodal 

histogram images. Thresholding is the simplest method of image segmentation. In this process a threshold value 

is applied and each individual pixel of image is marked as an object pixel, if their value is greater than threshold 

value they are known as “Threshold Above” and if below than “Threshold Below”. Threshold Above are given 

value 1 and to other we give value 0. 
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2.4. Edge Detection 

Edge detection plays an important role in image processing therefore their detection is very essential. The result 

of the final processed image depends on how effectively the edges have been extracted. Edge detection 

algorithms mainly based on the computation of the intensity gradient vector, that is generally sensitive to noise 

in the image. 

The algorithm used in this method is the canny edge detection. The Canny edge detector operator is a method to 

detect the edges of the image that uses a multi-stage algorithm to detect a wide range of edges in images. 

Canny's aim was to discover the optimal edge detection algorithm. In this situation, an "optimal" edge detector 

means: 

• Good detection – the algorithm should spot as various actual edges in the image as possible.  

• Good localization – the edges that is marked should be as close as possible to the edge in the real image.  

• Minimal response – a given edge in the image must be marked once, and where possible, image noise should 

not create false edges.  

2.5. Lung Nodule Segmentation  

In Computed Tomography images segmenting the lung nodule is a difficult task, but in image processing 

segmentation can be done by median filter, smoothening and dilation. Median filter is applied to the segmented 

images to enhance for the further improvement of the image from another distortion [22]. The enhanced inner 

images are smoothened while dilation made by the Prewitt operator (It is a discrete differentiation operator, for 

computing the gradient of the image intensity function. Every point in the image, the result of the Prewitt 

operator is either the corresponding gradient vector or the norm of this vector). Prewitt operator detects the 

edges of the dilated outer image. 

After dilation made in the lung region, segmented images are enhanced and converted into binaries. A bitwise 

XOR operation and an OR operation are performed for separating the segmented lung nodules. In depth, a 

bitwise XOR operation is applied to the binaries and enhanced images and a bitwise OR operation is performed 

between the sizes of the cropped (segmented image) images that are greater than the threshold value. 

2.6.  Feature Extraction  

Feature Extraction is very important in image processing which uses algorithms and techniques to show various 

desired portions or features of an image. Normally when the input algorithm use for feature extraction is too 

large to be processed and it is assumed to be disreputably redundant. Then the input data will be changed into a 

reduced illustrative set of features (also named feature vector). In depth feature extraction normally refers to 

changing the input data into the set of features. The features extracted are carefully chosen it is estimated that 

the feature set will extract the pertinent information from the input data to do preferred task. In this method we 

found the following features of the lung nodule, 
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• Area 

• Skew 

• Diameter 

• Brightness 

• Kurtosis 

2.7  Classification 

In this method the lung cancer detection is done by Hidden Markov Model (HMM) technique to clearly identify 

the diseased lung nodules. A Markov model simply refers to a stochastic model that presumes the property. In 

this technique it forms the state of a system with a random variable that changes through time. During this 

circumstance, the Markov property proposes that the distribution of this variable depends only on the 

distribution of the previous state.  

A Hidden Markov Model is a Markov chain for which the state is simply somewhat noticeable. Similarly, 

observations are associated with the state of the system; however they are normally inadequate to exactly 

determine the state. Many algorithms exist for hidden Markov models. One of the algorithm described in this 

method are the Viterbi algorithm, which compute the most-likely corresponding sequence of states, the forward 

algorithm will estimate the probability of the sequence of observations, and the Baum-Welch algorithm ( The 

unknown parameters of HMM can be found out from this algorithm).  

It also computes the starting probabilities, the transition function, and the observation function of a hidden 

Markov model [25]. 

 

Fig 2. An example of probabilistic parameter of a Hidden Markov Model 

The parameters of HMM are 

      x=represents the states 

 y=represents the possible observations 

 a=represents state transition probabilities 

http://en.wikipedia.org/wiki/Hidden_Markov_model
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 b=represents the output probabilities 

Hidden Markov Model is described by,  

• N represents number state in the model }....,{ 21 nsss  

• The observation probability distribution state is given by }{, ibBj   

• NjiSqtatxPxb jtj  ,1]|[)(                                                                                      

(2) 

• Initial state distribution is given by )...,( 21 N  

][ 1 ii SqP             (3) 

• Model parameter set: ),,(  BA                                                                        

Most selected Training algorithm used is the Baum-Welch re-estimation Formulas, it firstly make a rough 

guess to determine the parameters of a HMM. Once this is done, more accurate parameters can be estimated 

from this. 

 

III.RESULTS AND DISCUSSION 

The method for the automatic detection of pulmonary nodule was evaluated on CT images. The experiments and 

proposed method was implemented using the MATLAB version 7 software. 

3.1. Preprocessing Module 

Preprocessing is very important in isotropic a CT lung image which is shown in Fig. 3. Since isotropic CT 

images contain more noise than their clinical counterparts, that can be removed by Wiener filter. By adding 

Gaussian noise the thermal radiations are removed from the CT image, wiener filter as well as CT image support 

Gaussian noise, using this process noise are removed in the CT images.  

Filtered image is shown in the Fig.4 

                
 Fig.3 Input CT image             Fig.4 Filtered CT image 

3.2. Segmentation 

Region growing is a simple region-based image segmentation method. This method of segmentation examines 

neighboring pixels of initial “seed points” and determines whether the pixel neighbors should be added to the 
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region, which is shown in Fig.5. In this method ROI regions are identified. Region-based segmentation is a 

technique for determining the region directly. 

 
Fig.5 Segmented image using region growing. 

 

In thresholding approach lung regions are separated. In this stage left and right lung are separated by manually 

giving the threshold value.  Otsu’s algorithm use the (gray thresh) function which compute global image 

threshold using Otsu's method that is shown in the Fig.6. 

 

Fig.6 Segmented image using thresholding approach 

3.3. Edge Detection  

In order to detect the edges of the image, canny edge detection is performed. Canny edge detection detects the 

edges of the lung nodule that is shown in the Fig.7 

 

 

 

 

Fig.7 Edge Detection of CT Image 

3.4. Lung Nodule Segmentation 

The segmentation of lung nodule in an image is done by using median filter, smoothening and dilation that are 

shown in the Fig.8. 

 

 

 

 

Fig.8 Dilated image 
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After dilation made on the lung region, segmented images are converted into binaries and enhanced. A bitwise 

XOR operation and an OR operation is performed for separating the segmented lung nodules that is shown in 

the Fig.9. 

 

 

 

(a)                 (b) 

 

(c) 

Fig.9 Lung Nodule Segmentation (a) Binarised image, (b) Enhanced image, (c) Segmented lung nodule. 

Table 1. Performance of lung nodule for cancerous 

Area Cntrint              CntrX  CntrY        Diameter(mm) Britins    Skew                  Kurtosis 

1      4    14    56       1.128379        4 0.463510    0.444437 

2      4  23    50       1.595769        4 0.144974    0.088432 

1      96  25    92       1.128379        96 0.348988    0.267354 

2     101   26   110       1.595769       102 0.165348    0.112797 

3      95  27    59       1.954410        96 0.079554    0.039966 

1     104  30    91       1.128379       104 0.262935    0.151991 

2      95  31    50       1.595769        97 0.114064    0.054907 

3       4  32    39       1.954410 4 0.068752    0.028608 

2     102  33    85       1.595769       102 0.130332    0.074777 

1     108  33   139       1.128379       108 0.312380    0.214683 

1     109  35   137       1.128379       109 0.308837    0.214683 

1     106  37   143       1.128379       106 0.313817    0.222320 

1      39  38   133       1.128379        39 0.302371    0.205698 

1      40  38   137       1.128379        40 0.306674    0.211974 

1     103  38   147       1.128379       103 0.317337    0.227664 

1      40  40    95       1.128379        40 0.263276    0.151517 

1      36  49   136       1.128379        36 0.304130    0.208537 

1      40  40   142       1.128379        40 0.310569    0.217960 

1      39  41   134       1.128379        39 0.301337    0.204457 

2    103  45    77       1.565769       103 0.118261    0.060031 

1      97  49    62       1.128379        97 0.228985    0.111887

  

2    101  51    64       1.595769       104 0.109027    0.049195 

14     48               53    88       4.222008        42 0.007278    0.001549 

1     39  50   119       1.128379        39 0.103942    0.022897 

1     39  52   120       1.128379        39 0.103978    0.022932 

4     29  55    22       2.256758        19 0.027029    0.006183 
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2     42  58   103       1.595769        43 0.052940    0.011838 

1     41  60     68       1.128379        41 0.105052    0.023262 

1     39  62     94       1.128379        39 0.105225    0.023309 

2     33  64     30       1.595769        32 0.053386    0.012038 

1     41  64     65       1.128379        41 0.105317    0.023344 

1     49  64     91       1.128379        49 0.105531    0.023408 

              2               100  66     32       1.595769       105 0.053245    0.011968 

1    106  65     55       1.128379       106 0.105457    0.023436

  

1     95  67     47       1.128379         95 0.105744    0.023581 

1    107  67     57       1.128379       107 0.105347    0.023372 

1     52  67     93       1.128379         52 0.105420    0.023352 

2     46  68   134       1.595769         43 0.055930    0.013805 

1     44  68     78       1.128379         44 0.108451    0.025574 

4     31  70     28       2.256758         32 0.026396    0.005850 

1     55  69   130       1.128379         55 0.108223    0.025308 

1     44  70     86       1.128379         44 0.104066    0.022625 

1     41  71     97       1.128379         41 0.104497    0.022859 

2     36  73     59       1.595769         38 0.051450    0.011062 

1     45  73     81       1.128379         45 0.102655    0.021957 

2     42  73   129       1.595769         43 0.054328    0.012811 

1     46  75     83       1.128379         46 0.106050    0.024450 

1     50  93   110       1.128379          50 0.106899    0.024450 

2     28  128     23       1.595769          28 0.056255    0.013787 

2    101  131     84       1.595769        103 0.054459    0.012879 

1    102  132   128       1.128379        102 0.110717    0.026726 

1    103  133     85       1.128379        103 0.109164    0.025914 

2    104  134   100       1.595769        105 0.054880    0.013088 

1    102  135   106       1.128379        102 0.110055    0.026328 

 1    106               139            93            1.128379        106 0.110360    0.026612 

1    104  140     86       1.128379        104 0.110529    0.026758 

1    106  140     97       1.128379        106 0.110522    0.026702 

2    101  149   127         1.595769        103 0.057684    0.014801 

2    100  149   129       1.595769        101 0.057684    0.014867 

3    103  152   135       1.954410        103 0.038688    0.009894 

2      76  160     31       1.595769 77 0.061096    0.016935 

2      91  160     96       1.595769 94 0.058552    0.015406 

 

3.5. Feature Extraction 

After lung nodule segmentation, lung nodules are extracted from it. Number of features extracted is 62 that are 

shown in Table 1. Area, centroid, cntrint, cntrX, cntrY brightness, kurtosis, skew values are calculated for the 62 

extracted features that are shown in the Fig.10 and Table 1. Table 2 represents the performance of lung nodule 

for non cancerous CT image (14 features are extracted). 
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The Fig.10 shows the extracted feature which has been obtained from lung nodule Segmentation. 

 

Table 2. Performance of lung nodule for non cancerous 

 Area Cntrint              CntrX  CntrY         Diameter(mm) Britins   Skew                 

Kurtosis  

   2       0  48     67        1.595769 0 0.129425   0.068530 

   1       0  49     38        1.128379 0 0.265615   0.146828 

   2       0  52     62        1.595769 0 0.126041   0.064061 

   2     67  75     62        1.595769 66 0.126291   0.064392 

   1     55  76     64        1.128379 55 0.252662   0.128797 

   2     64  77     66        1.595769 62 0.125749   0.063672 

   1     65  80     67        1.128379 65 0.252246   0.128256 

   1     63  91     67        1.128379 663 0.256486   0.134127 

   2       0  106     29        1.595769 0 0.162067   0.109079 

   2               0   112     37        1.595769 0 0.156427   0.102471 

   3       0  114     40        1.954410 0 0.084337   0.044771 

   1       0  119     56        1.128379 0 0.246705   0.127838 

   2     74               127     69        1.595769 71 0.117334   0.057720 

   1       0               163      6        1.128379 0 0.266184   0.149917 

 

3.6. Classification 

In order to classify the diseased lung nodule, the HMM classification technique is used. In this technique the 

dataset for cancer and non cancer values are initially used. Normally in HMM transition and emission 

probability matrices are generated. These generated matrices estimate the trainable sequence and states. 

According to HMM, lung nodule with larger area is chosen from the 62 extracted features that are shown in 

Table 3 and similar to Table 4 non cancerous CT image. With respect to this area its diameter, orientation, Euler 

number, eccentricity, centroid and bounding box are calculated. These values are compared with the dataset 

values of HMM with the help of transition and emission probability matrices. After comparison new classified 

diameter, orientation values of lung nodule are found out using training process. In Hidden Markov model 

posterior state probabilities, is the calculation of the logarithm of the probability of the sequence, returned by 

HMM using transition and emission matrices. These posterior state probability values returned by the above 

mentioned steps will be varied for cancerous and noncancerous images. For cancerous images the posterior state 

probability value will be higher than the noncancerous images given transition matrix and emission matrix that 

is shown in Table 5 and Table 6. 
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Table 3. Before HMM Classification for cancerous 

Bbox  49.5000 86.5000 6.0000 3.0000 

Centroid 52.5714   87.9286 0.0000 0.0000 

Diameter Orientation Eulers no Eccentricity Area 

4.222008 14.872441 1.000000 0.869177 14.000000 

 

Table 4. After HMM Classification for cancerous 

Bbox  49 86 6 3 

Centroid 52  87 0 0 

Diameter Orientation Eulers no Eccentricity Area 

4.222008 14.8724 1 0.86912 14 

A Hidden Markov Model posterior state probability is 9. 

Table 5. Before HMM Classification for non cancerous 

Bbox  113.5000    38.5000 2.0000     2.0000 

Centroid 114.3333 39.6667 0.0000 0.0000 

Diameter Orientation Eulers no Eccentricity Area 

1.954410 -45.00000 1.000000 0.730297 3.000000 

Table 6. After HMM Classification for non cancerous 

Bbox  113  38 2  2 

Centroid 114 39 0 0 

Diameter Orientation Eulers no Eccentricity Area 

1.954410 -45 1 0.7303 3 

 

A Hidden Markov Model posterior state probability is 7 

 

IV.CONCLUSION  

In this paper, a novel method for detection of pulmonary nodule is presented for existing computer aided 

diagnosis systems. In the first module, the noise reduction is effectively carried out by the wiener filter. The 

noise reduced image is subjected to histogram analyses in order to enhance the lung region. Region growing and 

thresholding are employed on the enhanced image to segment the left and right lung from the input effectively. 

Canny edge detection is carried out to detect the edges of the lung nodule in the segmented lung. Then the lung 

nodules are segmented using median filter which perform smoothening and dilation. Finally lung nodules are 

classified using HMM algorithm. Unlike previous segmentation methods using ANN [9], the nodule 

segmentation algorithm utilizes information from the bronchial tree without segmenting, so it reduces the 

computational time and complexity. 



 

429 | P a g e  

 

V. ACKNOWLEDGEMENT 

The author would like to thank Aristofanes Correa Silvaa for providing important contextual information of 

Computer Aided Diagnosis. I also like to thank Medall Diagnostics in Tirunelveli for providing the CT image 

data used in this study. 

REFERENCES 

[1] National Cancer Institute,A snapshot of lung cancer,The Cancer Imaging Archive 

http://www.cancer.gov/cancertopic/pdq/treatment/small-cell lung/healthprofessional 

[2] World Health Organization, Cancer 2009. 

[3] Joao Rodrigo Ferreira da Silva Sousaa, Aristofanes Correa Silvaa, Anselmo Cardoso de      Paivaa, Rodolfo 

Acatauassu Nunesb “Methodology for automatic detection of lung nodules in computerized tomography 

images”, Computer method and program in Biomedicine, vol 98,no.1-14, 2010  

[4] K.Kanazawa,Y.Kawata, N. Niki, H. Satoh, H.Ohmatsu “Computer-aided diagnosis for pulmonary nodules 

based on helical CT images”, Compute. Med. Image Graph, vol. 22, no. 2 (1998), pp. 157-167. 

[5]  A. El-Baz, A. Soliman, P. McClure, “Early Assessment of Malignant lung nodules based on the spatial 

analysis of detected lung nodules” IEEE, BioImaging Lab, University of Louisville.KY,USA,2012. 

[6] El-Baz, A. A. Farag, PH.D., R. Falk, M.D. and R. L. Rocco, “Detection, visualization, and identification of 

lung abnormalities in chest spiral CT scans:phaseI”, Information Conference 2002. 

[7] C.Clifford Samuel,V.Saravanan, M.R.Vimala Devi,“Lung nodule diagnosis from CT image using Fuzzy 

Logic”. International Conference on Computational Intelligence and Multimedia Applications 2007 

[8] B.V. Ginneken, B. M. Romeny and M. A. Viergever, “Computer-aided diagnosis in chest radiography: a 

survey”, IEEE, 2001. 

[9] Norsarini Salim, “Medical Diagnosis Using Neual Networks “–Faculty of Information 

Technology,University of Utara Malaysia, 2004. 

[10] Wei, Q., Hu, ,“Segmentation  of Lung Lobes in High  resolution Isotropic CT images” IEEE Trans. Med. 

Imag.,vol. 56, no. 5, pp. 1–11,may 2009. 

[11] Q Hu Y. Macgrego J. H r, and Gelfand G. “Segmentation of lung lobes in clinical CT images”, Int. J. 

CARS, vol. 3, pp. 151–163, 2008.   

[12] Wang Gang, Li Ming-Cheng, “Application of the new evaluation methods in cancer diagnosis basrd on 

serum tumor marker data”,   International Conference on Human Health and Biomedical 

Engineering,Aug19-22,2011.  

[13] Rachid Sammouda, Fatma Taher, “Lung Cancer Detection by using Artifical Neural Network and Fuzzy 

clustering Methods” IEEE GCC Conference and Exhibition,Feb 19-22,2011 



 

430 | P a g e  

 

[14] Chenglin Liu,Xu Hua, Chen Changyuan, “X-ray Phase Contrast CT Imaging of Lung Cancer Tissue”, 

International Conference on Biomedical Engineering and Informatics, 978-1-4244-9352-4, pp569, 2011. 

[15] American Cancer Society, “Report sees 7.6 million global 2007 cancer death,” 

http://www.reuters.com/article/idUSN1633306420071217,December 2007. 

[16] Ulas Bagci, Mike Bray, Jesus Caban, Jianhua Yao, Daniel J. Mollura Computer assisted  detection of 

infectious lung disease”,Computerized medical imaging and graphic, vol.36,no.72-84,2012 

[17] Yang Song, Weidong Cai, David Dagan Feng, “A Multistage Discriminative Model for Tumor and Lymph 

Node Detection in Thoracic Images” IEEE Tansactions on Medical Imaging, vol.31, No. 5, May 2012. 

[18] Andrew F. Laine,and  Noah Lee, “Potential of Computer-Aided Diagnosis to Improve CT      Lung Cancer 

Screening,” IEEE Reviews in Biomedical Engineering, vol.2,No.136,2009. 

[19] American Cancer Society, Cancer Facts and Figures 2008.  Atlanta, GA: American  Cancer  Society, 2008. 

[20] R. Wiemker, P. Rogalla, “Computer-aided detection (CAD) and volumetry of pulmonary nodules on high-

resolution CT data“, 2003. http://ijecs.in/ijecsissue/wp-content/uploads/2013/04/921-925ijecs. 

[21] Weiner Filtering, “ http://www.owlnet.rice.edu”.  

[22] M.Gomathi, P.Thangaraj, “A Computer Aided System for lung cancer detection using machine learning 

technique” European Journel of Scientific Research, vol. 51 No.2,pp.260-275,2011 

[23]  Disha Sharma and Gagandeep Jindal,   “Computer Aided Diagnosis System for Detection    of LungCancer 

in CT Scan Images”,International Journal of Computer and Electrical Engineering, Vol. 3, No. 5, October 

2011.  

[24] Iarc - International Agency For Research On Cancer/ www.iarc.fr/jan 2013 

[25] http://en.wikipedia.org/wiki/Markov_model 

http://www.reuters.com/article/idUSN1633306420071217,December
http://www.owlnet.rice.edu/
http://www.iarc.fr/jan%202013

