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Abstract— among all cancers, lung cancer is a major cause of 

death in both women and men. 1.2 Million People are estimated 

to have diagnosed with this disease every year.  About 1.1 million 

people have died of this disease in a year. Many lives can be 

saved if cancer is detected at early stages. However, early 

detection of lung cancer is not an easy task. Most of the correct 

detection (i.e.80%) in patients is diagnosed at the middle or 

advanced stage of cancer. Radiologist with help of Computer 

aided diagnosis system (CAD) can detect and diagnose the 

abnormalities quickly and at earlier stages. Lung cancer is 

diagnosed with detection of pulmonary nodules. The detection 

work on pulmonary nodule is carried out using Computer 

Tomography (CT) scan images. CT scan images have better 

clarity, low noise and distortion. Extensive research work is done 

in this area. Various research focuses are seen on different 

sections of the CAD system. In this paper, efforts are put to 

compile different techniques of image acquisition, preprocessing, 

segmentation, lung nodule detection, false positive reduction and 

different lung nodule classification. This paper presents a review 

of available research work on detection of lung nodule for last 

five years. 

  Keywords – Characterization, Computer tomography, 

Computer-aided diagnosis, Nodule, Nodule detection. 

1. INTRODUCTION 

UNG cancer is the second most commonly diagnosed 

cancer in both men and women. In INDIA every year 

63,000 new lung cancer cases are reported [3]. 

According to the statics from the American Cancer society, 

lung cancer is the primary cause of cancer-related death in 

United States [1]. Estimated 224,390 (i.e. 117,920 cases of 

Men and 106,470 cases of female) new cases of lung cancer 

are expected to occur in 2016. The estimate accounts for about 

14% of all cancer diagnoses [1]. Lung cancer records more 

deaths than any other cancer in both men and women. From 

SEER Cancer Statistics Review the Five-year (2006-2012) 

Relative Survival Rates when combined is 17.7%, 14.9% in 

males and 20.8% in females [1]. Pulmonary nodules are 

potential manifestation of lung cancer. Early diagnose of the 

lung tumor is the key to increase the survival rate of 1 to 5 

years. It can be further increased up to 65 to 80%. Hence 

major research efforts are made in early detection of lung 

nodules to win the war against lung cancer [2]. Cigarette 

smoking is the most important risk factor for lung cancer; 80% 

of lung cancer deaths in the US are caused by smoking. There 

is high increase in risk with both quantity and duration of 

smoking [1]. Death rates have declined by 2.9% per year in 

men and by 1.9% per year in women from 2008 to 2012 due to 

the drop in smoking prevalence [1]. 

The lung tumor is formed due to an abnormality in body 

cell. The normal human body checks and maintains the growth 

of cell. The unbalance of the system results in uncontrolled 

division and proliferation of cells due to which a mass is 

formed, known as a tumor. Tumor can be benign or malignant. 

Benign tumor is a non-cancerous growth in the body. It can be 

removed and its spread in other parts of the body is stopped. 

Whereas, tumor that grows aggressively and spread into the 

other parts of the body tissues are classified as Malignant. 

Lung nodules are the tissue abnormalities that are roughly 

spherical with round opacity and a diameter of up to 

approximately 30mm [1]. Medical Imaging is more accurate 

and efficient method for the diagnosis and hence is widely 

used for the nodule detection and treatment of lung cancer. 

There are various types of images available in medical 

imaging. However Computed Tomography (CT) images are 

being preferred because of better clarity, low noise and less 

distortion for the detection of lung cancer. Another advantage 

of CT scan images is that it is very easy to calculate the mean 

and variance of CT scan images. 

A pulmonary nodule in the CT images is identified with 

approximately round opacity, moderately well margin and 

maximum diameter not greater than 3cm [5]. Lung nodules 

can be classified into four main categories based on the 

location and connection with surrounding pulmonary 

structure, 

1. Well-circumscribed nodule – These nodules are 

centrally located in the lung and has no connection to 

its neighboring vessels and structures. 

2. Juxta-vascular nodule – This type has significant 

connections to its neighboring vessels. 

3. Pleural tail – Nodule has thin connection to its 

neighboring pleural wall, where the pleural tail 

belongs to the nodule itself.  

4. Juxta-pleural nodule – This has some degree of 

attachment to the chest and its neighboring pleural 

surface [2], [9] as shown in Fig 1. 

Based on the image intensity profile nodules are classified 

as, solid nodule and ground glass nodules (GGN). Solid 

nodules have uniform intensity distribution whereas GGN 

have indistinct increase in lung attenuation on CT images that 

is difficult to discover the underlying pulmonary parenchymal 

L 
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architecture shown in Fig 2. The growth rate of nodule is one 

of the important parameter for assessing its malignancy.  

 

 

For this reason, most of the published CAD research has 

focused on detection of pulmonary nodule as well as 

estimation of the growth rate [2]. 

 

  

There are several good review papers on lung nodule 

including [2–9], [14]. The focus of the review is on respective 

sets of the detection system. Dhara et al. have provided an 

overview of the literature on different components of 

automated nodule detection and analysis system and their 

evolution from 1998–2010 [2]. Sluimer et al. have given an 

extensive review on the performance of lung nodule detection 

and characterization system from 1999 to 2004 [7]. Li et al. 

gives a very extensive literature work on nodule detection and 

classification of lung nodules in thin-section CT images; 

published work is covered till 2006 [8]. S.L. Lee et al. cite the 

review on preprocessing, lung segmentation, pulmonary 

nodule detection, false positive reduction, and nodule 

characterization up to 2009 [9]. His work gives a comparative 

study of performance of the existing approaches and also gives 

a general framework of the computer-automated system for 

nodule detection and analysis. Salvolini et al. reported the 

clinical applications of 2D and 3D CT imaging for analysis of 

HRCT pattern and pulmonary nodule respectively [6]. 

The current paper aims to provide an overview of the 

literature on lung nodules detection methods from year 2011–

2016. This paper is organized in the following sections: 

section 1 gives an introduction, section 2 gives review of 

nodule detection methods, section 2.1 describes different 

image acquisition techniques section 2.2 gives a literature on 

different preprocessing techniques, section 2.3 describes 

different lung segmentation methods, section 2.4 presents a 

review of existing methods of lung nodule detection 

(Subsection 2.4.1) and false positive reduction (Subsection 

2.4.2). Section 2.5 describes different existing techniques on 

lung nodule classification. Section 2.6 describes the two 

public challenges for nodule detection are ANODE09, 

LUNA16 followed by Discussion, Conclusion, and 

Acknowledgments. 

 

2. REVIEW OF NODULE DETECTION METHODS 
There are several research survey papers that have 

described nodule detection methods and have classified it into 

two types, semi automated and fully automated. 

Computer-aided diagnosis (CAD) assists radiologists in the 

diagnosis of various diseases on medical images. The output 

from the system is considered as a second opinion in drawing 

the conclusions. Presently significant effort is being directed 

to the detection and classification of lung nodules. Thin-

section CT images are preferred due to previously highlighted 

benefits. Due to large amount of data associated with number 

of images, radiologist may overlook some lung cancers 

because of either detection error (failure to detect a cancer) or 

interpretation error (failure to correctly diagnose a detected 

cancer). Hence, a CAD scheme for detection and for 

characterization of lung nodules would be particularly useful 

for the reduction of detection and interpretation errors. Missed 

cancers can be detected and classified through computerized 

scheme that provides quantitative information such as the 

possibility of malignancy to assist radiologists in diagnosing a 

detected nodule [8]. 

The CAD system is designed to automatically detect lung 

cancer through CT images and can provide valuable 

Fig 2 Classification of lung nodule depending on intensity profile; (a) solid 

nodule; (b) ground glass nodule [2] 

Fig 1 Typical lung nodule for different type; (a) well-circumscribed nodule; (b) juxta-vascular nodule; (c) nodule with a pleural tail; (d) juxta-pleural nodule. 
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information on stages of lung nodules. The system consists of 

six stages 1) Acquisition 2) Pre processing, 3) Segmentation, 

4) Nodule Detection and false positive reduction, 5) Nodule 

Classification. The general scheme of lung nodule detection 

system is shown in Fig 3. 

The objective of CAD system is to: 

• Improve accuracy in diagnosis 

• Assist in early detection of cancer 

• Reduce the evaluation time of the radiologist. 

Following sub sections describes each block and existing 

methods relating to each component.  

For each method, tables (2-6) are compiled to describe the 

performance of several existing nodule detection systems. 

Information on authors, publication year, and technique used 

data sets/sample images, and performance results/remarks is 

provided. 

2.1. Image Acquisition 

Image acquisition is the process of acquiring medical 

images. For designing nodule detection system CT scan image 

is used because CT enables visualization of small volume or 

low-contrast nodules by decreasing the thickness of slices and 

the interval between consecutive slices. CT is preferred for the 

preliminary analysis of lung nodules screening comparing to 

other lung imaging methods. 

There are several public and private databases of Lung CT 

images. Following are the popular public lung nodules 

databases available: Early Lung Cancer Action Program 

(ELCAP) Public Lung Image Database [10], Lung Image 

Database Consortium (LIDC) in National Imaging Archive 

[11], and Medical Image Database [12]. Beyond the public 

lung image database many researchers have referred private 

databases from their partner hospitals [2, 9]. Typical CT image 

of lung is shown in  

In CT scanning, image quality depends on many technical 

parameters such as radiation exposure time, slice thickness, 

table speed, reconstruction algorithm detector efficiency etc.  

For reconstruction of 3D image from 2D, slice thickness must  

Fig 4 Typical CT image of Lung [5] 

 

be greater than slice spacing otherwise reconstructed image 

will be erroneous because of lack of information in the inter  

       

A comparative study among the four generation of CT scan 

machine with respect to slice thickness, table speed in second 

is described in TABLE I [2]. It can be seen that the fourth 

generation CT machines are more advanced in capturing the 

smaller slice thickness and with more speed per slice. 

 
TABLE I  Comparative study of CT scan machine. CT – Computer 

tomography; Gen. – Generation [2] 

CT machine parameter 
First 

Gen. 
Second 

Gen. 
Third 

Gen. 
Fourth 

Gen. 

Slice thickness in mm 10 5 1 0.75 

Speed in s/slice 140 20 0.5 0.12 

 

2.2. Preprocessing 

Pre-processing image is the process of improving quality of 

displayed image and interpretability of the input lung image 

and boundary identification. The pre-processing reduces 

distortions and unwanted artifacts in the lung image. Here 

preprocessing phase is meant to remove the unwanted parts 

and to enhance the visibility of extracted pulmonary nodule [2, 

9] (See Fig 5). 

 

Different filtering techniques are proposed in literature to 

remove these noises compiled in TABLE II. Sharma et al. [20] 

and H. Shao et al. [19] both uses wiener filter for 

preprocessing [5]. Tan et al. proposed Isotropic re-sampling 

method to enhance CT image [64]. Ashwin et al. used an 

Adaptive Median filtering to improve contrast. The low 

frequency image is replaced by calculating median value from 

Fig 5 A sample pre-processed lung image: (left) original and (right) pre-processed 

images [9] 

Fig 3 The general scheme of lung nodule detection system 
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5x5 matrixes. In order to enhance the contrast of the 

preprocessed lunge image the contrast limited adaptive 

histogram (CLAHE) equalization method is used [15]. T. Gao 

et al. have used high-pass filter for preprocessing [17]. 

Takahiro Miyajima et al. proposed selective enhancement 

filters to enhance blob like structures and to hide vessel like 

structures [21]. For preprocessing Prewitt filter was used by V. 

Vijaya Kishore et al. to enhance the horizontal edges [23]. To 

denoise and preserve the spherical structures 3-D Coherence-

Enhancing Diffusion (CED) filter was used by Wook-Jin Choi 

et al. [24]. Tariq et al. [18] and S.Sivakumar et al. [22] 

proposed Median filter to denoise the CT image. The 

advantage of Median filter is that it doesn’t distort the edges. 

Vaibhav K. et al. have achieved improvement in the 

contrast of CT image using histogram equalization method 

[26]. G. Vijaya et al. compare performance of various filters 

used for pre-processing techniques and observed that bilateral 

filter has better results. [16]. Sunanda Biradar et al. suggested 

Median filter to increase the contrast of CT images [25]. 

Gangotri Nathaney et al. proposed Adaptive Thresholding and 

Morphological operations for pre processing. Adaptive 

Thresholding method was used to distinguish two values as 

foreground and background by changing all pixels values 

whose intensity values are more than a threshold to a 

foreground value and all the left over pixels to a background 

value. Morphological operations were used to remove the 

background noise and to remove small objects [27]. Eman 

Magdy et al. [28] and M. Obayya et al. [29] both have used a 

Wiener filter to remove noise, preserving the edges and fine 

details of lungs CT image. Ruchika et al. proposed Median 

filter to attenuate noise without blurring the images [52]. 

 
TABLE II Preprocessing method reported in the literature 

Study Reported 
Method of 

preprocessing 
Purpose 

D. Sharma 

et al.  [20] 
2011 Wiener filtering Denoising, smoothing 

Tan et al. 
[64] 

2011 
Isotropic re-

sampling 
To enhance CT image 

H. Shao et 
al.  [19] 

2012 Wiener filtering 
To improve  lung CT 

image 

S. Ashwin 
et al.   [15] 

2012 

Adaptive median 

filtering, contrast 

limited adaptive 
histogram 

(CLAHE) 

equalization 

To correct the poor 
contrast, to enhance 

the contrast of  

preprocessed CT lung 
image 

T. Gao et 

al.  [17] 
2012 High-pass filter 

To reduce the noise 

from CT image 

Takahiro 

Miyajima 
[21] 

2012 

Selective 

Enhancement 
filters 

To enhance blob like 

structures and to 
hide vessel like 

structures 

V. Vijaya 

Kishore 
[23] 

2012 Prewitt filter 
To enhance the 

horizontal edges 

Wook-Jin 
Choi et al. 

[24] 

2013 
Coherence-
Enhancing 

Diffusion (CED) 

To denoise and 
preserve the spherical 

structures 

Tariq [18] 2013 Median filter Denoising 

S.Sivakum

ar et al. 
2013 Median filter 

To denoise CT image 

without distort the 

[22] edges 

Vaibhav K 

et al. [26] 
2014 

Histogram 

equalization 

To improve the 

contrast of images 

G. Vijaya 
[16] 

2014 Bilateral filter 
Better performances 
for pre-processing 

Sunanda 
Biradar 

[25] 

2015 Median filter 
To increase the 

contrast of images 

Gangotri 

Nathaney 

[27] 

2015 

Adaptive 

Thresholding, 
Morphological 

operations 

Eliminates image 

distortion and 

enhances 

Eman 
Magdy et 

al.  [28] 

2015 Wiener filter 

To denoise image by 

maintaing edges and 

small  details of lungs 

CT image 

M. Obayya 

et al. [29] 
2015 Wiener filter To remove noise 

Ruchika et 
al.  [52] 

2016 Median filter 

To attenuate noise 

without blurring the 

images 

 

2.3. Lung Segmentation 

Lung Segmentation is the procedure of identifying the lung 

lobe region and separating the lung region from other portion 

of the body in chest CT image (See Fig 6). The segmentation 

distinguishes the nodule from background part of the lung CT 

image. An accurate segmentation will reduce the 

computational cost of detection [2], [9]. This process helps to 

improve accuracy and precision which helps in early diagnosis 

of lung cancer. It is prerequisite for Nodule detection and has 

important role In CAD system. Segmentation is partitioning 

the given input image into multiple segments. Segmentation is 

a process to extract other anatomical parts of the body in 

chest, like lungs from fats, muscles etc from the CT images. 

H. Mahersia et al. [5] have classified lung segmentation into 

two main approaches; 2D and 3D. Authors have classified 

segmentation methods based on thresholding, multiple 

thresholding, adaptive thresholding, optimal thresholding, 

region growing, deformable boundaries, edge detection, shape 

models, fuzzy c means clustering, morphological operations 

and so on [14],[5]. 

Different segmentation techniques were proposed in 

literature presented in TABLE III such as Korfiatis et al. 

proposed 3D Histogram technique to segment vessel tree and  

 

 
 
Fig 6 A segmented lung CT image: original (left) and segmented images           

(right) [9 

reticular patterns [30]. Schuldause et a.l have used 

segmentation technique as region growing and local adaptive 
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contrast enhancement technique [31]. P. Hua et al. suggested 

graph based search method with information about intensity, 

gradient and rib to automatically segment the lung [32]. D. 

Sharma et al. proposed Sobel edge detection method based 

algorithm to detect and extract the cancer nodules from the CT 

image [38]. Kubota et al. used Region-Based segmentation 

with a euclidean distance map [39]. Model based method is 

proposed by A. El-Baz et al. and A. Farag et al.in 2011. A. El-

Baz et al. explained the model based method using energy 

minimization method [41]. A. Farag et al. explained model 

based method using a level sets solution [42]. S. Ashwin et al. 

in 2012 have suggested thresholding method to segment lung 

CT image and two value of threshold is found using image 

histogram [15]. Region growing segmentation method is 

suggested by Aggarwal et al. [35] and K. Devaki et al. [36] in 

2013. K. Devaki et al. have also considered textural features 

[36]. A morphological operation for segmentation is proposed 

by Jinsa Kuruvilla et al. [44] and Y. Guo et al. [37] in year 

2013. Jinsa Kuruvilla et al. achieved sensitivity of 88.24%, 

specificity of 93.33% and accuracy of 90.63% [44]. Y. Guo et 

al. used expectation-maximization (EM) analysis method 

along with morphological operations. Threshold value for lung 

segmentation is estimated from the computed image’s 

histogram using EM algorithm [37]. Tariq et al. suggested 

gradient mean and variance based method to remove the lung 

background. Gradient operator is able to differentiate high 

values of pixels on the boundary of foreground and 

background [18]. 

Ashwin et al. [15], N. Birkbeck et al. [33], K. Z. Faizal et 

al. [34], Hong Shao et al. [19], Vaibhav K et al. [26] have 

proposed a segmentation technique to converts a gray-level 

image into a binary image.  This was achieved by defining all 

pixels greater than some value to be foreground and rest pixels 

were considered as background. Hong Shao et al. have 

achieved initial segmentation of the pulmonary parenchyma 

using twice the adaptive iteration threshold technique [19]. 

Vaibhav K et al. have segmented the left and right region of 

lungs by using Thresholding method [26]. J. Gong et al. 

explained 3D region growing algorithm and then interested 

segments were extracted using the Otsu threshold algorithm 

[40] in year 2014. A morphological operation is suggested by 

Jinsa Kuruvilla et al. [62] and Sunanda Biradar et al. [25].  

Morphological operation has advantage of speed and it’s easy 

to implement. Jinsa Kuruvilla et al. have achieved average 

98% segmentation correctly [62].  

Dhara et al. in 2015 explained a robust segmentation 

workflow to segment solid, part-solid, and non-solid nodules. 

First nodules are classified into solid/part-solid and non-solid 

nodule. Then vasculature pruning technique is proposed for 

solid/part-solid nodules and selective enhancement filtering 

and adaptive thresholding is proposed for non-solid nodule to 

remove blood vessels form nodule [43]. Gangotri Nathaney et 

al. suggested the (ROI) Region of Interest method for 

segmentation. ROI is defined by creating a binary mask with 

ROI pixels to 1 and all rest pixels to 0 [27]. Eman Magdy et 

al. proposed a hybrid technique resulting from a combination 

of histogram analysis, thresholding, and morphological 

operation for automatic lung segmentation [28]. In 2015, M. 

Obayya et al. proposed region growing algorithm for 

partitioning a lung CT image [29]. Ruchika et al. proposed 

Mean shift algorithm to segment the image [52]. 

 
TABLE III Literature review of Segmentation Techniques of lung CT images 

Study 
Repo

rted 

Segmentation 

Technique 
Dataset Remark 

Kortifias 

[30] 
2011 

3D Histogram 

Thresholding 
210 

Enhancement 
Technique Use Is 

Multiscale Filter Using 

Hessian Matrix 

Schuldaus

e [31] 
2011 

Region 

Growing 
45 

Enhancement 

Technique Use Is Local 

Adaptive Contrast 

Technique 

P. Hua 

[32] 
2011 Graph-Search 15 cases 

Hausdorff 

Distance=13.3pixel 

Sensitivity=98.6% 
Specificity=99.5% 

D. Sharma 
[38] 

2011 

Sobel Edge 

Detection 

Method 

1000 
Extract The Cancer 

Nodules 

T. Kubota 

[39] 
2011 

Region-Based 

Segmentation 
820 Euclidean distance map 

A. El-Baz 
[41] 

2011 
model based 

method 
200 energy minimization 

A. Farag 
[42] 

2011 
model based 

method 
-- Level Sets solution 

S. Ashwin 

[15] 
2012 Thresholding 40 Used image histogram 

P. 

Aggarwal 

[35] 

2013 
Region-Based 
Segmentation 

246 to segment lungs region 

K. Devaki 
[36] 

2013 
Region-Based 
Segmentation 

5 
Involve Textural 

Features 

Jinsa 

Kuruvilla 

[44] 

2013 
morphological 

operations 
120 

Sensitivity =88.24%, 

Specificity =93.33%, 

Accuracy =90.63%. 

Y. Guo 

[37] 
2013 

Morphological 

Operation 
58 

Expectation-
Maximization (EM) 

Analysis To Estimate 

The Threshold Value 

Tariq [18] 2013 

Gradient 
Mean And 

Variance 

Based 

100 segment lungs 

N. 

Birkbeck 
[33] 

2014 Thresholding 260 

Converts A Gray-Level 

Image Into A Binary 
Image 

K.-Z. 

Faizal [34] 
2014 Thresholding -- segment lungs region 

Hong Shao 

et al [19] 
2014 Thresholding -- 

Adaptive Iteration 

Threshold Method 

Vaibhav K 

[26] 
2014 Thresholding -- 

To extract the lungs left 

and right region 

J. Gong 
[40] 

2014 

region 

growing 

algorithm 

-- 

Interested segments 

extracted using Otsu 

threshold algorithm 

Jinsa 

Kuruvilla 

[62] 

2014 
Morphological 

operations 
155 

98% accurate 
segmentation 
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Sunanda 
Biradar 

[25] 

2015 
morphological 

segmentation 
1,012 

Segment lungs region 

from the CT images 

Dhara et 
al.[43] 

2015 

robust 

segmentation 
framework 

 

891 

vasculature pruning 

technique for 
solid/part-solid nodules 

Selective enhancement 

filtering and adaptive 
thresholding for non-

solid nodule 

Gangotri 
Nathaney[

27] 

2015 
ROI 

processing(R

OI processing) 

-- 
ROI pixels to 1 and all 

rest pixels to 0 

Eman 

Magdy[28] 
2015 

combination 

of histogram 

analysis, 
thresholding, 

and 

morphological 
operations 

83 

to separate the lungs 

from both background 

and non lung 
regions 

M. 

Obayya[29

] 

2015 

Region 

Growing 

Algorithm 

100 
Simplicity and good 

performance 

Ruchika 

[52] 
2016 

Mean shift 

algorithm 
-- 

For faster execution 

and high accuracy 

 

2.4. Lung Nodule Detection and False Positive Reduction 

Lung nodule detection is a process of determining 

possibility of nodule patterns in the image, and identifying the 

nodule location within the lung field (see Fig 7). Lung nodule 

detection is essential and very important step to extract Region 

of interest (ROI). The result of lung nodule detection process 

depends on accuracy of lung field segmentation and the 

method used for false positive reduction.  

 

Some existing nodule detection systems fail to detect the 

nodule patterns from the image due unavailability of the 

process. They depend on output of segmentation process. 

However, there are some systems that determine nodule 

patterns and identify the location of the nodules more 

precisely. In this case, the nodule detection section is used to 

improve the output of the lung segmentation process.  

Well-circumscribed nodules detection is relatively easy as 

they are isolated in nature. But the detection becomes more 

challenging if the lung nodule is placed at pleural of vascular 

attachment as these types generate mostly false positive 

results, so false positive reduction method must be used to 

correctly identify the pulmonary nodule.  

Following section describes various proposed methods for 

lung nodule detection and different technique for false positive 

reduction. 
 

2.4.1. Lung Nodule Detection 

A pulmonary nodule is almost spherical shaped opacity 

measuring less than 3cm in diameter surrounded by lung 

parenchyma so basic characters of feature extraction are area, 

perimeter and eccentricity. 

Different methods have been proposed by researchers for 

detecting the lung nodules such as Thresholding, 

Morphological processing, template matching, adaptive 

thresholding, watershed algorithm, region growing approach, 

wave front algorithm, grey level thresholding, rolling ball 

algorithm, rule based method, clustering, connected 

component analysis and a combination of these methods with 

methods of segmentation. 

Different detection techniques were proposed in survey and 

are presented in TABLE IV. Wei Ying et al. proposed 

thresholding and multi scale morphological filtering [45]. 

Amal A Farag et al. proposed a variation level set 

segmentation where a signed distance function was used to 

represent a 2D contour followed by template matching 

algorithm to remove juxta pleural nodules [42]. Maria Evelina 

et al. used Channeler ant model used for segmenting candidate 

nodules [50]. Tan et al. had introduced a novel method for 

finding seed points based on the maxima of the Divergence of 

the normalized image gradient (DNG) The nodule centers are 

subsequently merged with the segmented nodule clusters and 

Finally implemented a cluster merging stage is to cluster 

overlapping nodules. This method achieves better estimation 

of location of the nodule centers and reduces the FP (False 

positive) rate [64]. 

V. Vijaya Kishore et al. suggested thresholding method 

followed by watershed algorithm and region growing method 

to attain more accurate segmentation of nodules [23]. Non 

Juxta pleural nodules and Juxta pleural nodules were 

segmented from a huge set of CT scans by Si Guang-lei et al. 

using morphological operations which extracted both small 

and large nodules [46]. Roozgard et al. adapted Kernel Rx 

algorithm to detect lung nodules. Median filters, 

morphological dilation and erosion filters were further used to 

improve the quality of segmentation of nodule [51]. 

Template matching technique was proposed by Hong Shao 

et al. [19], Amal Farag et al. [49], Mickias Assefa et al. [47]. 

Hong Shao et al. explained adaptive threshold technique. It 

was used on twice segmented lung filed to select candidate 

nodules [19]. Amal Farag et al. proposed an active appearance 

model (AAM) with template matching and registration to 

identify nodule [49]. Mickias Assefa et al. proposed both 

circular and semicircular templates to identify nodules 

residing inside and on the boundaries of lung region. This 

circular, spherical hypothesis is not enough to portray the 

actual geometry of nodules. Lesion’s geometry can be 

irregular due to their attachment to the pleural surface or lung 

vessels [47].  

Vaibhav K et al. detected the nodule by considering feature 

value as the nodule size, structure, volume and nodule spine 

values [26]. Brown et al. has proposed Euclidean Distance 

Transformation (EDT) method to detect lung nodule, which 

achieves sensitivities relatively high over 90 % with lower 

false positive rates. This Proposed CAD system provides 

comprehensive, clinically-usable lung nodule detection 

Fig 7 Sample detected nodules in a lung image [9] 
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[65].Gangotri Nathaney et al. suggested Gray level co-

occurrence matrix method for feature extraction [27]. Eman 

Magdy et al. applied the Amplitude - Modulation Frequency -

Modulation (AM-FM) modeling techniques to extract features 

from lung images that will be used further in classification. 

They have also used multiscale filter bank to isolate the AM-

FM image components in model to perform demodulation 

[28]. M. Obayya et al. explained two sets of feature extraction 

techniques and evaluated their performance. These techniques 

used to calculate following features: (1) Geometric features 

(2) Radon transform. Geometric features achieved 98% 

accuracy [29]. Jacobs [66] used commercial Herakles CAD 

system, this was the first paper, which reports the performance 

of CAD systems on the full LIDC/IDRI database with high 

sensitivity of 82 %. 

Ruchika et al. applied a series of morphological operations 

for edge detection. The proposed algorithm has faster 

execution time and average accuracy approximate of 90% 

[52]. 

 
TABLE IV Different review methods of lung nodule Detection process 

Study Reported 
Detection 

method 

Datas

et 
Remark 

Wei 

Ying 

[45] 

2011 

Thresholding, 
Morphological 

Filtering, 

Boundary 

Extraction 

Morphological 

Filtering 

20 
Sensitivity 94.6% 

 

Amal A 
Farag 

[42] 

2011 

Variational 

Level Set 
Segmentation, 

Template 

Matching 

50 Accuracy 70% 

Maria 

Evelina 
[50] 

2011 

3D Region 
Growing 

Method, 

Wavefront 
Algorithm, 

Morphological 

Operations 

138 Sensitivity 80% 

Tan 
[64] 

2011 

Divergence of 

the normalized 
image gradient 

(DNG) 

235 

Sensitivity 

87.5% 
 

V. 
Vijaya 

Kishore 

[23] 

2012 

Thresholding, 

Watershed 
Algorithm, 

Region 

Growing 
Segmentation 

-- 
Extracts ROI i.e. 

lung region 

Si 

Guang-

lei [46] 

2012 

Thresholding, 

Morphological 

Processing 

85 Accuracy 90.5% 

Roozga

rd [51] 
2012 

Kernel Rx 

Algorithm 
12 

improve the quality 

using Median 
filters, 

morphological 

dilation and erosion 
filters 

Hong 

Shao 
[19] 

2012 

Template 

Matching, 

Adaptive 
Threshold 

Technique 

130 

Accuracy 90.35 %, 
Sensitivity 89.47 %, 

Specificity 90.52% 

 

Amal 
Farag 

[49] 

2012 
Template 
Matching, 

Registration 

50 -- 

Mickia

s 

Assefa 
[47] 

2013 
Template 

Matching 
165 Accuracy 81.21% 

Vaibha

v K 
[26] 

2014 

feature 

extraction  
method 

-- 

To calculate feature 

value as the nodule 

size, structure, 
volume and nodule 

spine value 

Brown[

65] 
2014 

Euclidean 

Distance 

Transformation 

(EDT) 

 

108 

Sensitivities 90 % 
with lower false 

positive rates 

 

Gangot

ri 
Nathan

ey [27] 

2015 

Gray Level Co-

occurrence 

Matrix 

-- 
for Feature 
Extraction 

Eman 
Magdy 

[28] 

2015 

Amplitude- 

Modulation 
Frequency-

Modulation 

(AM-FM) 

83 
to extract features 

from lung images 

M. 

Obayya 

[29] 

2015 

Proposed two 

methods 

1) Geometric 
Features 

2) Radon 

transform 

100 

1) Accuracy 98%, 

Sensitivity 96 %, 
Specificity 100% 

2) Accuracy 86 %, 

Sensitivity 80 %, 

Specificity 92% 

 

Jacobs 
[66] 

2015 
Herakles 
System 

888 
Sensitivity 82 %  

 

Ruchik
a [52] 

2016 

Series of 

morphological 

operations 

-- accuracy 90% 

 

2.4.2. False Positive Reduction 

False positive reduction is the process of further eliminating 

the false positives (nodule like anatomical structure during 

detection of nodule). The different false positive reduction 

techniques are on lung segmented image. The main aim of 

false positive reduction method is to get maximum sensitivity 

or true positive rate. Not all existing system incorporates a 

false positives reduction section. 

The False Positive Reduction review methods shown in 

TABLE V, Zhenghao Shi et al. proposed a two stage 

technique for the false positive reduction [53]. Mickias Assefa 

et al. extracted intensity based and multi resolution based 

features such as mean, energy, entropy etc. to reduce the false 

positive cases [46]. 

 
TABLE V Different methods of false positive reduction during lung nodule 

detection 

Study Reported 

FP 

Reduction 

Method 

Dataset Remark 

Zhenghao Shi [53] 2013 
Two Stage 

Method 
60 

False Positive 

Reduction 

Mickias Assefa[47] 2013 
Multi 

resolution 
165 

False Positive 

Reduction 
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2.5. Nodule Classification 

Nodule Classification is the process of classifying if the 

detected nodule is benign or malignant.  The nodules with 

diameters less than 10 mm are very common and majority of 

them are benign. Whereas the nodules having diameter greater 

than 10 mm are at high risk for cancer and are classified as 

malignant. In a high risk population, the percentage of lung 

cancer with small nodules is below 10% [2]. The Benign 

nodule is a nodule with solid, round shape, and regular 

boundary and having low growth rate. The malignant nodules 

are persistent nonsolid ground glass opacity with diameter 

greater than 10 mm, solid nodule with speculated contour and 

high volumetric growth rate etc [2]. 

There is some overlapping feature between benign and 

malignant nodules but still characterization of the nodule is 

possible depending on few features such as multiple 

morphological features, texture features and growth rate of 

nodules [2]. Multiple morphological features include density, 

roundness, convexity, density distribution, circularity; 

irregularity and solidity of the nodule whereas, texture features 

include homogeneity, contrast etc. 

Different  available classification  methods are Support 

vector machine (SVM),  automated rule based method, K-

nearest neighbor, feature based classifier method, artificial 

neural networks, K-nearest neighbor, minimum distance 

classifier, radial basis function network (RBF),  Bayesian 

classifier, cascade classifier, multilayer perception, radial basis 

function network (RBF), Fuzzy logic etc. 

Different classification techniques were proposed in 

literature is presented in TABLE VI. Wei Ying et al. proposed 

SVM (Support vector machines) to classify lung nodule [45]. 

Tan et al. developed a new feature-selective classifier based 

on ANNs and genetic algorithms (FD-NEAT) for the first 

time. Authors also compared the results with two commonly 

used classifiers like SVM classifier and a fixed-topology 

ANN. It shows that, the proposed method achieves better 

sensitivity 87.5% [64].In 2012, Bong et al. explained an 

automated rule-based classifier to classify benign or 

malignant. [54]. Mabrouk et al. suggested K-nearest 

neighborhood classifier to perform classification [55]. Feature 

based classification was suggested by Takahiro Miyajima et 

al. [21] and Amal Farag et al. [48]. Takahiro Miyajima et al. 

used feature based classification like statistical features; 

luminance features and Scale invariant feature transform 

(SIFT) for classification of nodules [21]. Amal Farag et al. 

proposed nine similarity measures for categorization [48]. 

Hong Shao et al. [19] and Hiram Madero Orozco et al. [58], 

Orozco et al. [56] explained SVM classifier in frequency 

domain. 

In 2013, Mickias Assefa et al. extracted features like 

intensity based and multi resolution based to reduce the false 

positive [47]. Sheng Chen et al. proposed a SVM with 

Gaussian kernel method for lung nodule classification [59]. To 

enhance the accuracy of a lung nodule classification system 

Javed et al. suggested a weighted Support vector machines 

(SVM) classifier [57]. 

 

In 2014, Jinsa Kuruvilla et al. used neural networks for 

classification of nodule [62]. Han et al. compared three 

famous texture features such as Haralick, Gabor, and local 

binary patterns in the classification. They proposed 3D 

Haralick features and noted that the Haralick features provide 

better classification performance [60]. Vaibhav K et al. 

suggested the SVM (Support Vector Machine) classifiers to 

differentiate the non-cancerous (Benign) from cancerous 

(Malignant) lung nodules. It constructs a hyperplane in a high 

dimensional space, which can be used for classification. The 

hyperplane achieves the good partition [26]. 

In year 2015 literature, Sunanda Biradar et al. proposed 

SVM (Support Vector Machine) classifier to identify the 

cancerous and noncancerous nodules .The SVM polynomial 

has given the 96.6% accuracy and SVM quadratic function has 

given the 92% accuracy [25]. Gangotri Nathaney et al. have 

explained Neural network classifier for nodule classification 

[27]. Eman Magdy et al. used four different classifier are 𝐾-

nearest neighbor (𝐾NN), support vector machine (SVM), 

Naive Bayes, and linear classifier to correctly discriminate 

between normal and cancer lung images. Author further 

computed accuracy, sensitivity, and specificity for four 

different classifiers and declared that the linear classifier gives 

the best classification with 95% accuracy, 94% sensitivity, and 

97% specificity. However found that, the 𝐾NN classifier is the 

worst classifier with only 64% accuracy, 55% sensitivity, and 

72% specificity [28]. M. Obayya et al. proposed Artificial 

neural fuzzy interference system (ANFIS) classifier to classify 

nodules and non-nodules [29]. 

In year 2016, Ashis Kumar Dhara et al. [61] proposed SVM 

(Support vector machine) to distinguish nodules from benign 

or malignant. The suggested technique provides best 

classification accuracy. Author compared the proposed 

method with the recent classification work done by Han et al. 

[60]. P. Thamilselvan et al. explained EKNN (Enhanced k 

nearest neighbor) method for lung cancer cells classification 

by using MRI (Magnetic Resonance Images) images [63]. 

 
TABLE VI Different review methods of lung nodule Classification 

Techniques 

Study 
Repo

rted 

Classificati

on 

Technique

s 

Data Set Purpose 

Wei Ying 

[45] 
2011 

Support 
vector 

machines 

20 
To nodule 

classification 

Tan[64] 2011 

A feature-

selective 
classifier 

based on 

ANNs and 
genetic 

algorithms 

(FD-
NEAT) 

235 

To classify 

nodules and 
non nodules 

Bong  [54] 2012 

automated 

rule-based 

classifier 

-- 

to 
differentiate 

the Benign 
from 

Malignant 

nodules 

Mabrouk 
[55] 

2012 

K-Nearest 

Neighborh
ood 

classifier 

2911 

to categorize 

nodules and 

non-nodules 
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Takahiro 

Miyajima 
[21] 

2012 

Feature 
Based 

Classificati

on 

31 

statistical 
features, 

luminance 

features and 
Scale 

Invariant 

Feature 
Transform 

(SIFT) 

features used 

Amal Farag  

[48] 
2012 

Feature 
Based 

Classificati

on 

3 datasets 

used:ELCAP 
50 sets, LIDC 

1018 helical 

thoracic CT, 

LDCT 8 sets 

to classify 

and reduce 

the false 
positive 

cases 

Hong Shao 

[19] 
2012 

SVM based 
Classificati

on 

-- 

Classificatio

n in 

frequency 
domain 

Hiram 
Madero 

Orozco [58] 

2012 
SVM based 
Classificati

on 

200 

Classificatio
n in 

frequency 
domain 

Mickias 

Assefa [47] 
2013 

Feature 
Based 

Classificati

on 

165 
to classify 

nodules 

Sheng Chen 

[59] 
2013 

SVM with 
Gaussian 

kernel 

118 
to nodule 

classification 

Orozco et 
al. [56] 

2013 

Support 

Vector 

Machines 

128 
to classify 
nodules 

Javed et al. 

[57] 
2013 

weighted 

Support 
vector 

machines 

(SVM) 

600 

Enhance the 
accuracy of a 

lung 

pulmonary 
nodule 

classification 

Jinsa 
Kuruvilla 

[62] 

2014 
artificial 
neural 

network 

155 

correctly 

classified as 

cancerous 
nodule 

Han F [60] 2014 

Support 

vector 

Machine(3

D texture-

based) 

1,012 

3D Haralick 

provide 

better 

classification 

performance 

Vaibhav K 

[26] 
2014 

Support 

Vector 
Machine 

classifier 

(Hyperplan
e) 

-- 

to 

differentiate 
the Benign 

from 

Malignant 
nodules 

Sunanda 
Biradar [25] 

2015 

Support 

Vector 
Machine 

(SVM) 

1,012 

to identify 
the cancerous 

and 

noncancerou
s nodules 

Gangotri 

Nathaney 

[27] 

2015 

Neural 

Network 

Classifier 

-- 
To classify 

nodules 

Eman 
Magdy [28] 

2015 

four 

different 
classifiers: 

𝐾-nearest 
neighbor 

(𝐾NN), 
support 

vector 
machine 

83 

to correctly 

discriminate 

between 
normal and 

cancer lung 

images 

(SVM), 
naive 

Bayes, and 

linear 

M. Obayya 

[29] 
2015 

Artificial 

Neural 

Fuzzy 
Interferenc

e System 

(ANFIS) 
classifier 

100 

to classify 

Benign from 

Malignant 
nodules 

Ashis 

Kumar 
Dhara [61] 

2016 

Support 
vector 

Machine 

(classificati

on is 

evaluated 

in terms of 
area under 

characterist

ic curve.) 

891 

Several 

shape-based, 

margin-
based, and 

texture-based 

features 
are analyzed 

to improve 

the accuracy 
of 

classification 

P. 

Thamilselva
n [63] 

2016 

EKNN 
(Enhanced 

k nearest 
neighbor) 

300 MRI 

Images 

for lung 

cancer cells 

classification 
by using 

MRI images 

ELCAP (Early Lung Cancer Action Program), Lung Image Database 

Consortium (LIDC), low-dose CT (LDCT) 
 

2.6. Two public challenges for nodule detection are 

ANODE09, LUNA16 

 

2.6.1. ANODE09: The ANODE09 is first study, the 

framework for the evaluation of CAD algorithms to compare 

and combine a large group of CAD systems for nodule 

detection with new database of 55 CT scans. The combination 

of six CAD algorithms is able to detect 80% of all nodules at 

the expense of only two false positive detections per scan and 

65% of all nodules with only 0.5 false positives. The 

ANODE09 set contained a limited number of larger nodules, 

which generally have a higher suspicion of malignancy. 

 

2.6.2. LUNA16: LUNA16 is the framework for automatic 

nodule detection algorithms using the largest publicly 

available reference database of chest 888 CT scans, the LIDC-

IDRI data set. This framework having the two tracks: 1) the 

complete nodule detection track where a complete CAD 

system was developed, or 2) the false positive reduction track 

where a provided set of nodule candidates was classified. 

Seven systems have been applied to the complete nodule 

detection track and five systems have been applied to the false 

positive reduction track. When multiple candidate detection 

algorithms were combined, the sensitivity substantially 

improved up to 98.3% which is higher than the sensitivity of 

any individual system. This illustrates the potential of 

combining multiple candidate detection algorithms to improve 

the sensitivity of CAD systems. 

 

3. DISCUSSION 

The use of CAD systems improves the performance of 

radiologists in the detection process of pulmonary nodules.  

 However, the system to be used regularly in the radiology 

department these systems must meet the following 
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requirements: improve the performance of radiologists 

providing high sensitivity in the diagnosis, a low number of 

false positives, have high processing speed, present high level 

of automation, low cost (of implementation, training, support 

and maintenance), the ability to detect different types and 

shapes of nodules, and software security assurance. 

Based on literature research, it was observed that many, if 

not all, systems described in this survey have the potential to 

be important in clinical practice. Various techniques have been 

used in the lung cancer detection methods to improve the 

efficiency of cancer detection. Each method has its own 

uniqueness, advantages and limitations. 

 However, several systems showed promising results; for 

example, with regard to the parameters of sensitivity and 

number of FP likeTan et al. [64] validated his system with 235 

CT scans and obtained a sensitivity of 87.5% with 4 FP per 

case. Jacobs et al. used commercial Herakles CAD system, 

this was the first paper, which reports the performance of 

CAD systems on the full LIDC/IDRI database with high 

sensitivity of 82 % [66]. 

Brown et al. Proposed CAD system which provides 

comprehensive, clinically-usable lung nodule detection with 

high sensitivity over 90 % and lower false positive rates [65]. 

Wei Ying et al. had achieved Sensitivity 94.6% [45]. 

Non Juxta pleural nodules and Juxta pleural nodules were 

segmented from a huge set of CT scans by Si Guang-lei et al. 

using morphological operations which extracted both small 

and large nodules with Accuracy 90.5% [46]. 

 

4. CONCLUSION 

Developing an efficient CAD system for detection of lung 

nodules is necessary for early detection which increases the 

survival rate of lung cancer patients. This paper presented 

review of several work completed on automated lung nodules 

detection and analysis system. The performances of several 

algorithms in preprocessing, segmentation, detection and 

classification have been discussed in chronological order. 

It is seen from survey that there is need to use 3D CT 

images processing. However it is inevitably not simple task. 

There are major challenges in terms of non availability of 

reference standards as in case of 2D images. 

Improving performance of algorithm to detect the lung 

nodules of different geometrical shapes and sizes needs further 

research. There are difficulties observed in detecting nodule 

with vascular and pleural attachment. Many of the techniques 

presented have reported more number of false positives. 

Reducing them further is one of the open challenges. 

Computer analysis in tumor staging has not been explored 

much. 

There is huge amount of scope for improvement in existing 

algorithm. Practically the algorithm needs to be fast, easy to 

use, reliable (easy adjustments in case the algorithm fails) and 

correctable (correct results in the vast amount of cases).  
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