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Abstract - The increase in number of smokers in the 20th century 
leads for lung cancer being the number one killer among cancer 
related deaths world-wide with an over-all survival rate of only 
15%. According to the latest World Health Organization report 
released on April 2011, Lung cancer is the number one killer 
among deaths related with cancer for men in Malaysia. In most 
cases there are no symptoms or warning signs in the early stages 
of lung cancer. It is often suspected initially from chest x-ray or 
Computed Tomography (CT) scans done to evaluate a cough or 
chest pain. Several research work have been aimed at 
development of  Computer Aided Diagnosis (CAD) systems which 
enhance early detection of lung cancer nodules. This research 
work aims 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. That results in a detection rate of 81.212%. 
 
 Index Terms - Pulmonary nodule, template matching 
Multiresolution Analysis, Computer Aided Diagnosis 
 

I.  INTRODUCTION 

In recent years Computer-Aided Diagnosis (CAD) has become 
a major area of interest in diagnostic radiology. CAD 
algorithms utilize a combination of one or more techniques of 
statistics, computer science and/or applied physics and in 
order to assist the radiologist in medical image interpretation.  
CAD system usually involves four steps; image pre-
processing, Region of Interest (ROI) definition, feature 
extraction and analysis and finally clustering or classification.  
 
Lung cancer can be defined as a cancer that originates in 
tissues of the lung, usually in the cells lining air passages. The 
two main types are small cell carcinoma (SCLC) and non-
small cell carcinoma (NSCLC). These types are distinguished 
by the appearance of the cancer cells under a microscope. 
Detection of suspicious nodules at the early stage is 
considered the most effective way to improve the survival rate 
of lung cancer patients.   
 
Computed Tomography (CT) scans enables radiologists to 
visualize small and/or low contrast nodules that are nearly 
impossible to visualize using conventional radiograms. 
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However, a single CT scan will produce a large amount of 
images that makes it difficult for the radiologist to analyze 
manually. In addition to that, there are many objects in a serial 
CT scan images that have the same appearance and Hounsfield 
Unit (HU) value as pulmonary nodules. CAD systems are 
being proposed in order to assist radiologists; to be used as a 
tool to provide a “second opinion”.  
 
Various CAD systems were proposed to detect lung nodules. 
Sheng et al. proposed a scheme for detection of pulmonary 
nodules mainly focusing on improving the detection rate of 
those nodules that overlap with ribs and clavicles using Mass 
Training Artificial Neural Networks Virtual Dual Energy [1]. 
GuoXiuhua et al. extracted fourteen texture features based on 
curvelet transform for lung nodule classification using support 
vector machine [2]. Ozekeset al. reported Region of Interest 
(ROI) detection scheme using the density values of pixels in 
CT images and scanning the pixels in eight directions by using 
various thresholds [3]. Jia et al. has developed a scheme to 
detect pulmonary nodules from Hessian matrix constructed 
from the 2nd derivate of the 3-D image function [4]. 
 
Several researchers have used template matching for lung 
nodule detection. Farag et al. developed active appearance 
model based templates for lung nodule template matching [5]. 
Lee [6] has proposed a genetic algorithm based template 
matching scheme for detection of pulmonary nodules. 
Dehmeshki et al. has also applied a genetic algorithm template 
matching scheme with spherical elements for the detection of 
nodules [7]. Farag et al. developed lung nodule templates 
using the texture and shape properties of real nodules [8]. 
 
The initial nodule detection stage results in a significant 
number of false positive candidates which necessitates 
development of false positive reduction scheme. Intensity 
based features were extracted and used for false positive 
reduction in [6], [4] and [9]. Memarian et al. proposed hybrid 
schemes which consist of fuzzy c-means clustering and 
iterative linear discriminant analysis for false positive 
reduction [10]. Takemura et al. has applied a logical AND 
operator between consecutive CT slices for false positive 
reduction [11].  
 

457978-1-4673-2971-2/13/$31.00 ©2013 IEEE

Proceedings of 2013 ICME
International Conference on Complex Medical Engineering

May 25 - 28, Beijing, China



 

In this research work, a multi-resolution b
detection of lung nodules from low-dose CT s
The scheme consists of two stages. In the fi
models are developed and used as a referen
resolution and intensity based features were e
positive reduction and improvement of the det
 

II. DETECTION SCHEME 
 
Noise removal was done as an initial step on 
LDCT scans. The performance of the noise f
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Fig. 1 A Wavelet Decomposition of an Image 
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Fig. 2 Nodule Visibility Test Before (A) and 
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Fig. 3 Result of circular object detection 
 
Where ‘r’ stands for the distance from the centroid of the 
nodule and the range qmin and qmax of the pulmonary nodule 
intensity distribution values are obtained from the ground truth 
data.  
 
Normalized cross correlation (NCC) is used as a similarity 
measure.  Let be an intensity value of an image and 
t(x,y) be a given template, the normalized cross-correlation can 
be defined as follows [12] :- 
 

 (3) 

 

 

Where  denotes the mean value of  within the area of 
the template  sifted to .  denotes the mean value of the 
template image.    
 

III. FALSE POSITIVE REDUCTION 
 

Our scheme detected several false positive nodules per scan in 
the first stage. As a result two intensity based and seven multi-
resolution based features were extracted for reduction of false 
positive nodules. Details of the features used are described 
below. 
 
Mean and standard deviation: Mean is a measure of 
brightness, where  is pixel at location (r,s). Standard 
deviation is a measure of contrast. These two features are used 
to differentiate between parts of the bone and skin from the 
true positive nodules. 

(5) 

(6) 
 

Wavelets are mathematical functions that segment a signal or 
an image into different frequency components and thus allow 
us to analyze local properties of a signal or an image. The 
wavelet transform is therefore useful in analyzing signals and 
images with large discontinuities and non-periodic signals. The 
wavelet model for two-dimensional signals can be defined 
using multi-resolution approximation of   with one 
separable two-dimensional scaling function 

  and three separable 2-D wavelets 
 ,  and 

[13]. are called 
horizontal, vertical and diagonal wavelets respectively (Figure 
1). The separability of the kernels simplifies the computation 
of the two-dimensional transform by allowing row-column or 
column-row passes of one-dimensional transform [14].   
 
Daubechies-8 (db8) and symlet wavelet functions were used 
with a single level decomposition for the multi-resolution 
based false positive reduction. Then seven statistical features 
are extracted from the wavelet transform coefficients. The 
features are as follows:-  

 

 

 

 

 

 

 
 

 
 

 

 
 

 

IV.  
 

V. EXPERIMENTAL RESULTS  
 

This work is based on the Early Lung Cancer Action Program 
(ELCAP) public database [15], which contains 50 sets of  low-
dose CT lung scans taken at a single breath-hold with 1.25 mm 
slice thickness. The ELCAP database has a resolution 0.5x0.5 
mm. The locations of the ground truth nodules detected by an 
experienced radiologists are also provided. In this research 
work, a subset database containing 165 nodules is used. 
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The template matching algorithm at stage one, extracted 139 
true positive nodules (out of 165 nodules) and 496 False 
Positive Nodules. The classification after False Positive 
Reduction stage reduced the number of False Positive Nodules 
to 58 but at the same time rejected five true positive nodules. 
Thus the final detection rate becomes 81.212% with detection 
of 134 true positive nodules out of 165. The overall False 
Positive rate is 35.15%. 
 
Majority of the missed nodules consist of nodules that have 
low contrast and nodules that are attached to the mediastinum 
region. The low contrast nodules exhibit an intensity 
distribution that is significantly different from the templates 
used. We have also noticed it is extremely difficult to detect 
nodules that are attached to the lung vessels because of the 
anatomical similarity between the vessels and the nodules on 
LDCT scan images. Lung vessels constitute the majority of the 
false positive candidates. The number of false positive may 
decrease by analysing consecutive CT slices before and after 
the false positive candidate.   
 

VI. CONCLUSION 
 
We proposed a nodule detection scheme based on template 
matching and multi-resolution based false reduction scheme. A 
novel circular object detection scheme is applied as a pre-
processing step to identify potential nodule candidate and 
optimize the template matching process. Nodular models with 
a Gaussian distribution are used as a reference image. Intensity 
based and multi-resolution based features were extracted for 
the false positive reduction stage. Our system performed at a 
rate of approximately 81%. It was observed that lung vessels 
make up the majority of the false positive candidates, which 
results in a relatively high false positive rate. We are working 
on using additional multi resolution features in order to tackle 
this problem.  
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