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Abstract— Lung cancer is the major cause of death in the world. Computer Tomography (CT) is the
best imaging modality among various modalities for the detection of small pulmonary nodule.
Computer-aided-diagnosis (CAD) system using images processing is used to extract the presence of
lung cancer cell in CT image of patients. In order to increase radiologist’s diagnosis performance and
survival of patient, several CAD techniques have been implemented and developed to improve the
detection of this disease. We have studied and reviewed several methods for detection and
highlighted the limitation of the methods. Many results were tested over the real time databases of
the images in consultation with a senior physician and radiologist. The images were collected of lung
cancer CT images from Radio diagnosis department of Pt. J. N. M. Medical College, Raipur, India
for research work.
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I.
INTRODUCTION
Lung cancer is the most common among other cancer diseases in the world. This is fatal cancer also.
Despite the modest improvements in treatments during the last few decades, the prognosis of lung
cancer is still poor and the survival rate is 15% in the United States, 10% in Europe and 9% in
developing countries. The survival of lung cancer is closely related to the stage at the time of
diagnosis, ranging from 70% for limited, stage I disease to less than 5% for stage IV disease [1-3].
Lung cancer does not show symptoms early in the disease process and is diagnosed at a late stage in
a clinical setting, when the probability of cure is rare. It is expected that screening can detect lung
cancer at an early stage and reduce mortality. A number of clinical trials have been performed to
prove this hypothesis. The development of multi-detector spiral computed tomography (CT) has
benefitted in the detection of small pulmonary nodules, the interest in lung cancer screening
rekindled. The results of several observational CT screening trials showed that CT is effective in the
detection of early stage lung cancer, with a percentage of stage I lung cancers ranged from 68% to
96% of all detected. Despite its efficiency on early detection, lung cancer CT screening is still not
being recommended by any public health department due to the inherent biases in cohort studies,
including lead-time bias, length-time bias and over-diagnosis bias. It is believed that only a
randomized controlled lung cancer screening trial can eliminate these biases to the highest degree
and answer the question about mortality reduction by comparing lung-cancer mortality in the
screening arm (with CT screening) and the control arm (without CT screening) [3-9].
Computer-aided diagnosis (CAD) system is mainly used for detection of lung cancer. Recently, the
image processing algorithms are used widely in several clinical examinations to improve early
detection and diagnosis of disease. This system generally first segments the area of interest (lung)
and then analyzes the separately obtained area for nodule detection in order to diagnosis the disease.
Here, image segmentation plays an important role in medical image diagnosis and interpretation [1017]. The segmentation method is applied in order to detect the cancer nodules from the extracted
lung image. After segmentation, rule based technique or some appropriate method is applied to
classify the cancer nodules [17-28].
To improve accuracy of CAD based systems for lung cancer detection and localization, the present
work attempts to develop a CAD system that involves robust segmentation methods applied over
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medical images of lung cancer and statistical parameters will be used for detection, classification and
localization of abnormalities in medical images [25-30].
II.
RELATED RESEARCH
Lingayat et al. (2013) proposed CAD system for feature extraction of lung nodule from the X-ray
image. The system deals with the problem of developing a computer based system for the extraction
of maximum features from the segmented suspicious area from the lung X-ray image and these
properties can be used to classify lung tumor as benign or malignant from the X-ray image directly.
The features help the CAD system to take correct decision in CAD system hard copy converted into
soft and store for analysis and processing, then system classify the task. The benign tumor, area and
perimeter value are large as compared to malignant tumor. But the irregularity index for benign is
more. Irregularity index gives an idea about, how much the boundary of the nodule is irregular.
Malignant tumor is more irregular that why irregularity index is near to zero. Solidity value for
malignant is less because of its irregular surface. For benign tumor, mean, variance and standard
deviation values are lower as compared to malignant tumor. Entropy value is higher for malignant
tumor. Equivalent diameter show higher value in malignant tumor. In GLCM (grey level co
occurrence matrix) properties, the average of contrast, correlation, energy and homogeneity values
are calculated in different directions [2]. Sharma et al. (2011) implemented detection of lung cancer
form the analysis of computed tomography images. The basic image processing techniques were
applied such as Erosion, Median Filter, Dilation, Outlining, and Lung Border Extraction to the CT
scan image in order to detect the lung region. The segmentation was used to detect the cancer
nodules from the extracted lung image. After segmentation, rule based technique is applied to
classify the cancer nodules. Finally, a set of diagnosis rules are generated from the extracted features.
CAD was developed for finding the early lung cancer nodules using the lung CT images and
classifies the nodules as Benign or Malignant. After the extraction step, the extracted lung regions
are segmented using region growing segmentation algorithm. The accuracy of 80% was obtained
approximately [3].
Archana et al. (2013) proposed Hidden Markov Model for early detection of lung cancer by
analyzing chest computed tomography (CT) images. Most traditional medical diagnosis systems are
founded on huge quantity of training data and takes long processing time. This method attempts to
increase the diagnosis confidence and also reduce the time utility [4]. Aggarwal et al. (2013)
demonstrated that the Computer aided detection system based on segmentation techniques applied on
CT images gives better results. The results of a Pulmonary Nodule Detection System were obtained
based on segmentation of CT images to of lungs further detect the location of the nodule and also
discussed the steps involved in designing the proposed pulmonary Nodule detection system and the
results obtained after applying these steps have also been discussed. This technique has its own
different approaches available to be used by developers [5]. Ada et al. (2013) presented a hybrid
technique based on feature extraction and Principal Component Analysis (PCA) for lung detection in
CT scan images. The features which are extracted using principal component analysis and Histogram
Equalization are used for preprocessing of the images. Low pre-processing technique is adopted
based on histogram equalization. The system produces promising results for lung cancer detection
[6]. Schaffer et al. (2012) presented an approach to first create a benchmark for recurrence prediction
based only upon gender, age and TNM (Tumor, Node, Metastasis) features that uses several learning
classifier induction methods and combines them into an ensemble using a recent extension of the
general regression neural network. Future work aimed on discovering if gene signatures can be
discovered that can improve this performance [7].
Magalhaes et al. (2012) suggested a methodology for automatic detection of lung nodules which
consists of the acquisition of computerized tomography images of the lung. The structures are
classified as either nodule or non-nodule, through shape and texture measurements together with
support vector machine. The methodology ensures that nodules of reasonable size be found with
86% sensitivity and 91% specificity. This results in a mean accuracy of 91% for 10 experiments of
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training and testing in a sample of 48 nodules occurring in 29 exams [8]. Aggarwal et al. (2013)
contributed towards development of lung nodule database with proven pathology using content based
image retrieval (CBIR) and algorithms for detection and classification of nodules. A study and
analysis of 246 patients was carried out for the detection of benign, malignant as well as metastasis
nodules. The research work has been carried out using Lung Image Database Consortium (LIDC)
database by National Cancer Institute (NCI), USA and achieved an average precision of 92.8% and
mean average precision of 82% at recall 0.1 [10]. Parveen et al. (2013) suggested the method to
segment the images to identify the focal areas in lung nodules. Threat Points Identification is used
with region growing method for segmenting the suspicious region. Experiment is carried out using
real time images to investigate our method. The segmented region can be used for further processing
such as feature extraction and classification in future. Hence the proposed method is highly desirable
in order to assist the radiologist in the detection of lung nodules and to increase the diagnostic
accuracy [11].
Krewer et al. (2013) extracted texture and shape features from pulmonary nodules selected from the
data set. Several classifiers including Decision Trees, Nearest Neighbor, and Support Vector
Machines (SVM) were used for classifying malignant and benign pulmonary nodules. Wavelet
features received the highest rank when using feature selection implying a larger contribution in the
classification process. Considering the improvement in classification accuracy, the use of texture
features appears to be a promising direction in computer-aided diagnosis of pulmonary nodules in
LDCT [12]. Vivekanandan et al. (2011) presented an scheme to improve the efficiency of existing
CAD systems by proposing a feature extraction model which is carried out in two phases.
Experimental results demonstrate the proposed scheme can help radiologist to improve the diagnosis
efficiency by calculating the quantity of tumor growth in each stage accurately. Grey Level Cooccurrence Matrix (GLCM) features can also be considered for ROI classifications to be even more
accurate [13]. Assefa et al. (2013) worked to develop a CAD system to detect pulmonary lung
nodules from Low Dose CT (LDCT) scan images using template matching algorithm integrated with
multi-resolution feature analysis technique in order to enhance the false positive detection rate. 134
out of 165 nodules were correctly detected by our scheme. It was observed that lung vessels make up
the majority of the false positive candidates, which results in a relatively high false positive rate.
Additional multi resolution features are required in order to tackle the problem [17].
Bastawrous et al. (2006) proposed a novel Computer Aided Diagnosis (CAD) scheme for automatic
detection of localized Ground Glass Opacity (GGO) nodules in chest Computed Tomography (CT)
images. The scheme begins with a preprocessing stage to the cross sectional CT image to extract the
lung region and enhance the intensity values of the nodular regions. Then filter the resulting image
with Gabor filter followed by thresholding and labeling to assign the suspected regions and match
them with some predefined reference Gaussian templates. The proposed scheme had an area under
the ROC curve of 0.94, which proves its potential effectiveness in GGO nodule detection [20].
Chaudhary et al. (2012) attempted to solve the problem of time constraint in detecting the present of
lung cancer regarding on the several diagnosing method used. In image processing procedures,
process such as image pre-processing, segmentation and feature extraction have been discussed in
detail. More accurate results could be achieved by using various enhancement and segmentation
techniques [21]. Gomathi et al. (2010) presented a CAD system which can automatically detect the
lung cancer nodules with reduction in false positive rates and different image processing techniques
are applied initially in order to obtain the lung region from the CT scan chest images. The
experimentation is conducted for the proposed technique by 1000 CT images collected from the
reputed hospital [22]. Tariq et al. (2013) proposed a computerized system for lung nodule detection
in CT scan images. The automated system consists of two stages i.e. lung segmentation and
enhancement, feature extraction and classification. The segmentation process results in separating
lung tissue from rest of the image, and only the lung tissues under examination are considered as
candidate regions for detecting malignant nodules in lung portion. A feature vector for possible
abnormal regions is calculated and Regions (foreground and background) are classified using neuro
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fuzzy classifier with fully automatic system that does not require any manual intervention and
experimental results show the validity of our system [26].
III. PROBLEM IDENTIFICATION
Extensive literature survey reports the following problems in existing contributions:
a. Low contrast having more noise and accuracy up to 80%.
b. Can detect nodule size >=3 mm and a few features are used only.
c. More features such as area, perimeter and solidity can be added.
d. Average time needed to detect nodule is too high.
e. Difficult to detect area attached to the lung vessels.
f. Relatively high FP (false positive) rate.
g. Temporal comparison could further improve usefulness of CAD system.
IV. PROPOSED APPROACH
The CAD system for lung cancer detection is developed using the methodology as shown in flow
diagram in Fig.1.
Medical image is
given as input
image (CT
image)
Preprocessing: de-noising,
resizing, re-formatting of digital
images
Image enhancement using
Histogram equalization and
contrast enhancement methods
Image segmentation using kmeans and fuzzy c-means (FCM)
clustering methods
Classification of cancer nodules,
tumors and abnormalities
Comparison of results

Fig. 1: Flow diagram of proposed CAD system
V. RESULT AND DISCUSSION
We have compared median and wiener filter techniques for lung cancer CT images database to find
in terms of PSNR and MSE values. From Table 1 and Table 2, it can be seen that Wiener filter is
better than median because the PSNR value is higher and MSE values are lower for all images.
Table 1: Comparison of PSNR (dB) for CT images

Image
Database
cp1
cp2
cp4
cp9

Median Filter

Wiener Filter

30.24
17.53
28.87
25.69

37.03
33.39
34.55
31.83
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Table 2: Comparison of MSE values for CT images

Image
Database
cp1
cp2
cp4
cp9

Median Filter

Wiener Filter

5.36
32.33
4.34
4.01

1.9
3.19
2.43
1.81

VI. CONCLUSION
A reliable CAD system is proposed includes image preprocessing, image segmentation and
classification as major components. PSNR (peak signal to noise ratio), MSE (mean square error),
specificity, accuracy are used as CAD evaluation parameters. The implementation reports lung
cancer detection that would help for early detection of cancer and creating awareness among the
masses for early screening of the disease. The results were also validated with the comments of
Physicians.
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