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Abstract- Lung cancer is one of the dreadful diseases, which 
shows greater mortality rates. The lifespan of the patients can be 
improved, when the disease is detected earlier. Due to the 
advancement of medical science, several screening equipments 
are presented to the society. Computed Tomography (CT) is one 
of the prominent screening equipments for detecting lung 
cancer. It would be beneficial for the medical expert, when some 
reliable computer based assistance is rendered.  Taking this into 
account, this article proposes a computer aided classification 
system for lung cancer detection by dividing the complete work 
into four phases. Initially, the contrast of the CT lung images are 
improved by Adaptive Histogram Equalization (AHE) and the 
image segmentation is carried out by Kernelized Fuzzy C Means 
(KFCM). The curvelet features are extracted from the segmented 
CT image and the ensemble classifier is applied over it. This way 
of benign and malignant classification results in reliable and 
accurate results. The performance of the proposed approach is 
evaluated with respect to accuracy, sensitivity, specificity and 
time consumption. The proposed classification approach shows 
better results, when compared to the existing approaches. 

Keywords – Lung cancer, pre-processing, CT image, segmentation, 
ensemble classification. 

1.  Introduction 
 Lung cancer is the fourth commonly occurring cancer 
next to breast, cervical and oral cavity cancer. Lung cancer is 
observed more in men rather than women, as per the medical 
reports. This dreadful disease is observed as the second and sixth 
mostly occurring cancer in men and women respectively [1]. The 
mortality rates with respect to lung cancer are improving every 
year. The main reason for the increased death rates is the 
ignorance and negligence of periodical health checkups. Early 
detection of any cancerous growth supports in increasing the 
lifespan of the patient. Due to the advancement of medical 
science and computer technology, computer based diagnostic 
systems come into picture. 
As the diagnostic systems assist the physician to make a decision, 
the reliability of the system is very important. The system is said to 
be reliable when the accuracy rates are reasonable. However, 
achieving better accuracy rates is a challenging task, as the images 
contain several unnecessary details. In spite of the presence of 
numerous lung cancer detection systems, there is a constant 
demand for a reliable system. Taking this challenge into 
consideration, this work attempts to propose a novel computer 
based diagnostic system for lung cancer detection by 
incorporating advanced image processing techniques over 
Computed Tomography (CT) images. 
 The entire work is decomposed and organised into four 
important phases, which are CT image pre-processing, 

segmentation, feature extraction and classification. The image 
pre-processing phase makes the CT images fitter for the 
forthcoming processes. Usually, the pre-processing phase 
attempts to enhance the quality of image by incorporating the 
noise removal or the contrast enhancement procedure and so on. 
The segmentation phase focuses on extracting the regions of 
interest from the whole image, such that the segmented regions 
alone are processed. The efficiency of the classification system 
improves, when specific regions of CT images are focussed. The 
features of the segmented regions are extracted, which are rich 
enough for the classifiers to detect the abnormalities being 
present in the CT images. 
 The rest of this paper is organized as follows. A short 
review of the state-of-the-art literature with respect to lung 
cancer detection is presented in section 2. Section 3 presents the 
proposed lung cancer detection approach in a detailed manner. 
The performance of the proposed approach is analysed by 
executing several comparative analysis in section 4. The 
concluding points of this article are summed up in section 5. 
2.  Review of Literature 
 The purpose of this section is to review the recent 
literature with respect to lung cancer detection systems. Several 
image processing techniques for the detection of lung cancer by 
using CT images are reviewed in [1]. The lung cancer detection is 
carried out by splitting the review in different aspects such as pre-
processing, nodule segmentation and segmentation. The recent 
trends in lung nodule detection are presented in [2]. Additionally, 
the performance of the recent lung nodule detection techniques is 
compared and presented. In [3], a lung cancer classification 
system is proposed on the basis of wavelet recurrent neural 
network. This work employs wavelet to remove the noise from the 
input image and recurrent neural network is utilized for 
classification. However, this work cannot achieve better specificity 
rates and this implies that the false positive rates of the work are 
greater. 
 A lung cancer detection technique, which is based on 
Local Energy based Shape Histogram (LESH) and machine learning 
techniques is introduced in [4]. Initially, this work pre-processes 
the CT images by Contrast Limited Adaptive Histogram 
Equalization (CLAHE) and the LESH features are extracted. A new 
lung cancer detection technique based on Mumford-Shah 
algorithm is proposed in [5]. This work removes the Gaussian 
noise by applying sigma filter and the regions of interest are 
segmented by otsu’sthresholding and mumford-shah model is 
applied. The texture features are extracted from the extracted 
regions by spectral texture extraction technique and the 
classification is done by multi-level slice classifier. An automatic 
lung nodule segmentation and classification technique is proposed 
in [6]. The areas of interest alone are extracted by means of priory 
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information and Hounsfield Units. SVM is employed for achieving 
the task of classification. The results of this work can still be 
improved in terms of sensitivity and specificity. 
 Motivated by these existing research works, this paper 
aims to present a reliable lung cancer detection algorithm, which 
can prove better sensitivity and specificity rates with minimal time 
complexity. The following section elaborates the proposed 
approach along with the overview of the work. 
3.  Proposed Lung Cancer Detection Approach  
 The proposed lung cancer detection approach is based 
on several phases and all the involved phases are explained one 
after the other. 
A.  CT Image Pre-processing by AHE 
 Most of the medical images suffer from poor contrast 
issues and so the details of the images cannot be distinguished 
easily. At this juncture, the role of contrast enhancement 
algorithm comes into picture. The CT images are pre-processed by 
employing the AHE technique and the major reason for the 
exploitation of AHE is that this technique computes several 
histograms by considering separate areas of the CT image. This 
means that the contrast of every particular area of the image is 
enhanced. The computed histogram is adaptive, which ensures 
the balanced distribution of values. The AHE technique improves 
the edges and the local contrast of the CT image. Some of the 
sample pre-processed images are presented in figure 1. 

 
Fig.1. (a) to (d) are input images (a1) to (d1) are the contrast 

enhanced images 
 Consider a CT image with     pixels and is applied 
with the contrast enhancement process. The AHE processes each 
and every pixel    and alters    by considering the intensity 
immediate neighbourhood pixels. Unlike standard HE technique, 
AHE processes the regions of an image separately. This results in 
the contrast enhancement of each and every region, which in turn 
enhances the contrast of a complete image. 
B.  KFCM based CT Image Segmentation 
 This phase aims to segment or divide the CT image into 
several segments, such that each segment can be focussed with 
utmost care. This idea conserves time and computational power of 
the system. Hence, the process of segmentation renders several 
benefits to the classification system. FCM is one of the famous 
segmentation algorithms, which groups the pixels that show 
similar characteristic features. The input of the standard FCM 
algorithm is the image along with the total count of clusters. In 
order to improve the capability of clustering, this work launches a 
kernel function that can deal with noise as well. This work employs 
the Gaussian Radial Basis Function (GRBF) kernel and the kernel 
function   is represented in the feature space as follows. 
 (   )  〈 ( )  ( )〉                                                           (1) 
In the above equation, 〈 ( )  ( )〉 is the inner product. The 
GRBF kernel is denoted as 
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The objective function of the KFCM is presented as follows. 
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In the above equation,   and   are the total count of clusters and 
data points respectively.    is the membership of the pixel    in 

the     cluster and   is the degree of fuzziness.   indicates the          
non-linear mapping implicitly.  
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Based on this equation, the objective function is modified as 
follows. 
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C.  Feature Extraction by Curvelet 
 Curvelet is a multidimensional and multiresolutional 
analytic tool, which is proposed by Candes and Donoho in the year 
2000 [7]. The curvelets are simple and are easy to implement. 
Additionally, curvelets are faster with minimal redundancy. 
Initially, Fast Fourier Transform (FFT) is applied over the input 
image. The obtained fourier frequency plane is sliced into several 
wedges, which results in circular and angular slices. The circular 
slices decompose an image into several scales and the angular 
slices divide the images in different angles. Hence, all the wedges 
conform to a specific angle and scale. When the Inverse FFT (IFFT) 
is applied over a wedge, the curvelet coefficients can be obtained 
for a particular scale and angle. Additionally, the curvelets can 
handle the edge discontinuities in a better way. 
 The CT images of lungs are considered in three 
different scales and the GLCM coefficients are extracted. GLCM 
features are effective in determining the spatial relationship 
between the pixels. The GLCM can be represented as a square 
matrix    , where   is the total number of gray levels being 
available in an image. All the entities being present in the GLCM is 
the approximation of probability of intensity between two pixels. 

The (   )   entity of the GLCM matrix is formed when a pixel with 
coordinate (   )  has a gray level     and then the pixel 
(         ) is found with the intensity     . The    

and   are computed by considering different scales and angles. 
The features are computed by performing weight operation upon 
every entity of the matrix and the weighted values are added. The 
features being utilized by this work are energy, contrast, 
correlation, homogeneity, autocorrelation, dissimilarity and 
inertia. The co-occurrence is computed in three different angles 
such as 0, 45 and 90 degrees. 
D.  Ensemble Classification 
 When it comes to supervised learning, the classifiers 
are given knowledge with the features with which the 
classification is done. Normally, the process of classification 
requires prior knowledge about the dataset being utilised. The 
entire process of classification is achieved by two major phases 
namely training and testing. In the training phase, the classifier is 
imparted knowledge by means of the extracted features. By this 
way, the classifier equips itself in differentiating the objects. The 
classification problem can be a binary or multiclass problem. The 
binary classification system involves only two classes, whereas the 
multiclass problem has several classes involved in it. This work 
employs ensemble classifier, as the result of a single classifier may 
introduce false positives or false negatives. In order to ensure 
reliability, this work employs k-NN, SVM and ELM and the final 
decision is taken by performing majority vote computation. 
 The final classification results of the k-NN, SVM and ELM 
are obtained and the dominating result is found out. As three 
different classifiers are utilized, eight different scenarios may 
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occur. For instance, when two or three classifiers produce the 
same result, then that result is considered as dominating and the 
same result is declared as final. As this work does not rely on a 
single classifier to classify between the classes, the reliability of 
the system is improved. Additionally, in order to reduce time and 
computational complexity, this work exploits efficient classifiers. 
The false positive and false negative rates are considerably 
reduced, which in turn improves the sensitivity and specificity 
rates. The performance of the proposed approach is analysed in 
the following section. 
4. Results and Discussion 
 The functionality of the proposed approach is evaluated 
by implementing this work in Matlab version 8.1, on a stand alone 
computer with 8 GB RAM. The CT images are collected from 
different laboratories to carry out this research. The tailored 
dataset contains an image set of 100, which includes 37 and 63 
benign and malignant images respectively. The initial round of 
comparative analysis justifies the choice of the incorporated 
techniques such as AHE, KFCM, curvelet features and ensemble 
classification. In the second round, the comparative analysis 
literally compares performance of the proposed classification 
approach with the existing literature proposed in LESH + CC [4], 
Mumford-Shah algorithm [5], apriori + SVM [6], in terms of 
classification accuracy, sensitivity, specificity and time 
consumption. 
 

 

Fig 2. Performance analysis 

 The reason for the better performance of the proposed 
approach is that all the techniques involved in this work operate 
by themselves without any manual setting. Besides this, the better 
pre-processed and segmented results affect the quality of the 
classification process. When the initial image processing activities 
are optimal, obviously the outcome of the system is efficient. 
Hence, a better classification approach to distinguish between 
malignant and benign tumour in the lung CT scans is presented. 
The experimental results of the comparative results are presented 
in table.1. 

Table.1 Performance analysis in terms of accuracy, sensitivity, 
specificity and time consumption 

 
 The experimental results of the proposed approach 
justify the choice of the techniques that are incorporated in it. The 
second to fourth columns of the table signifies the comparative 
technique for pre-processing, segmentation and feature extraction 
respectively. The columns five to seven indicates the performance 

of the classifier being employed alone. Finally, the results of the 
proposed approach are presented. The proposed approach shows 
maximum accuracy, sensitivity and specificity, however the time 
consumption is a bit greater than ELM. Yet the time consumption 
is reasonable, as the results of the proposed approach performs 
ensemble classification and does not based on a single classifier. 
The attained time consumption is tolerable, as the degree of 
sensitivity and specificity are greater. 

5. Conclusion 
 This article presents a reliable computer aided lung 
cancer classification system based on curvelet features and 
ensemble classifier. The proposed classification approach is 
applied over the pre-processed and segmented images, which is 
accomplished by AHE and KFCM respectively. The features of the 
segmented regions of the image are extracted by means of 
curvelet, which is faster with high discrimination ability. The 
ensemble classifier which is formed by k-NN, SVM and ELM is 
proposed and the decisions of all the classifiers are obtained. The 
dominating result is chosen as the final decision and the 
performance of this work is tested against three different existing 
techniques. The proposed classification approach serves better in 
terms of accuracy, sensitivity and specificity rates with minimal 
time consumption. In future, this work is planned to be extended 
by including feature normalization and selection techniques. 
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