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Abstract— Biomedical Image Processing is a growing and more demanding field which 

contains different types of imaging methods such as CT scans, X-Ray and MRI etc. Aided Diagnosis 

(CAD) is becoming one of the most popular and effective method for diagnosing many diseases 

including cancer. In lung cancer, detection of a nodule is a fundamental problem. In this paper, 

region growing algorithm is proposed for segmenting the lung region. After segmenting the lung 

region is extracted. The extraction of lung region has been classified using KNN algorithm.  

Clustering method is used to detect the regions of the lung nodules. The detected regions of lung 

nodules are then automatically segmented. Finally, all malignant nodules were detected and a very 

low false-positive detection rate was achieved.  

Keywords—Computed Tomograhy;Lung segmentaion; Nodules Detection;Region Growing; 

I.  INTRODUCTION  

Lung cancer is common due to smoking and it is mainly caused by uncontrollable irregular growth 

of cells in lung tissue. If it is detected earlier, then it is better is the chance of curing.  For lung cancer 

detection, one of the most important and fundamental step is screening. Screening is the process used for 

identification of nodule. A nodule is a white color spot present on lungs that is visible on an X-ray or 

Computed Tomography (CT) scans images. 

 A nodule may be of two types: Either a benign or a mass. A nodule that is 3 cm or less in diameter 

is called a Pulmonary or benign nodule. These types of nodule are noncancerous. Pulmonary nodules are the 

characterization of early stage of lung cancer. Another type of nodule whose size is larger than 3 cm is in 

diameter is called as a lung mass. This type of nodule is likely to be cancerous and needs to be detected as 

early as possible.  

A CT scan continuously transmits a narrow width beam through the body that gives more detailed 

information than the standard X-ray. The advantage of CT scan over conventional X-ray is it is able to 
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distinguish tissues inside the organ. [1]. Low-dose computerized tomography (ldct) [4] scans looks for 

abnormalities in the lungs that could be cancer or may turn into it. In LDCT a 3-dimensional image of the 

lungs is taken and nodules with size as small as that of a grain of rice can be detected. These nodules need to 

be followed over time to check if they are growing. The larger the nodule more is its possibility of being 

cancer. Thus, a nodule needs to be under observation. Most of the nodules which are noncancerous have a 

very smooth or round margin. 

II. RELATED WORK 

Detection of a nodule is fundamental problem in medical image processing. According to Kostis, 

W.J., Reeves, A.P., Yankelevitz, D.F. [8], there 4 types of nodules. (i). Well-circumscribed: In this case, the 

nodules are not connected to vasculature but are at the core of the lung tissue. (ii). Juxta - vascular:In this 

case, the nodules are at the center of the lung field and are connected to the surrounding lung vessels. 

(iii). Pleural Tail:These types of nodule are connected by a thin structure and are located near the pleural 

surface. (iv). Juxta-pleural: Here a thin structure is connected by the substantial portion of the nodule. 

 In [1] , they used Wavelet Packet Frame (WPF)technique to acquire spatial frequency 

representations and applied k-Means clustering for better segmentation of lung tissues. This proved the 

technique to be robust and is able to efficiently segment lung regions from multiple images from various 

scans.  

 Raghuraman et al. [5] segmented the lungs with a Krawtchouk Moment Based Interactive Image 

Retrieval Algorithm, trained on available prior data. 

Raghuraman et al. [3] implemented a graph-cut segmentation technique, that incorporated shape and 

other prior information about neighboring lung structures, on pathological lung images including pleural 

effusion. However,due to the number of patients increasing day by day it is the workload of radiologists 

who need to analyze the tests in a short time is also increasing. Due to this,the radiologists may misinterpret 

causing errors in detection. Therefore, CAD systems that can detect nodules efficiently and effectively 

within a short duration of time is needed [4]. The two main CAD systems used byradiologists to assist them, 

they are: CADe– These systems are used only to detect a tumor. CADx– Theses are used to check the 

characteristics of a tumor. 

Nanusha [9] proposed an approach is quantitative surface characterization of pulmonary nodules 

based on thin section CT images. In this approach describes segmentation of the three-dimensional (3D) 

nodule images are obtained by a 3D deformable surfaces approach. 
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III. PROPOSED METHOD 

The proposed system consist of three modules such as preprocessing the LDCT chest image, 

segmentation of lung region, extraction of lung nodule candidates and classification of nodules. This can be 

shown in Figure 1. 

A. Pre-processing:  

The pre-processing is done before the main data is processed. The main objective of pre-processing 

is to improve the quality of the image that may be corrupted due to noise during data acquisition.  To 

separate the background noise, it is required to pre-process the images. It is mainly to enhance the quality of 

data through the application of methods for denoising. [9]. Some of the important techniques used for data 

pre-processing are Median Filtering [4][5], Histogram Equalization [5], Fast Fourier Transform [6], Wavelet 

Transform [6], and Noise Correction [7]. 

Median Filter is a non-linear operation used to reduce salt and pepper noise. Compared with effect of 

several other filters, adaptive median filter can get better smoothing result.  

 

 

 

 

Fig.1 Flow Diagram of lung nodule detection 

B. Segmentation of lungs: 

 Image segmentation of lung CT are mainly used to detect pulmonary nodes.. Here, the segmentation 

is carried out to extract only the part of lungs from the CT scan image. Some of the important techniques 

used for image segmentation are Thresolding; Compression based method, Clustering, Histogram-based 

method, Edge detection, Region growing and Graphical Partitioning method. 

In this proposed work, segmentation of lungs refers to the process of partitioning the preprocessed 

CT image into multiple regions to separate the pixels corresponding to lung tissue from the surrounding 

anatomy. Here, region growing method is used for segmentation of lungs. Region growing focus generally 

on the homogeneity of the image for determining object boundaries. It examines adjacent pixels of initial 

seed points and determines whether the pixel neighbors should be added to the region and then the process 

is iterated on. This approach to segmentation examines neighboring pixels of initial “seed points” and 
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determines whether the pixel neighbors should be added to the region. It usually includes the following 

steps. 

Step 1:  Identifying a seed point (for example, within a nodule candidate). 

Step 2:  Calculating the connectivity of the points of the image to the seed point. 

Step 3: Applying a selection criteria to the connectivity of the points (from Step 2 above) in order to identify 

the extent of the nodule. 

C. Pulmonary Paranchyma Segmentation 

 This process aims at isolating the lung tissues from the rest of chest and thoracic regions in the CT 

scans. This data reduction is intended to focus the attention on the lung tissues. And also, some nodules may 

indeed appear in the thoracic region and may be of clinical importance. 

D. Classification and Detection:  

Nodule detection is the most important step in the detection of lung cancer. After the nodule 

detection, the next step is the classification of the nodule as benign or malignant. Most of the pulmonary 

nodules are benign but may represent an early stage of lung cancer. If a malignant nodule is detected at an 

early stage the survival rate of the diseased may increase. Nodule classification involves assigning 

pathology to the detected and isolated nodules. This is the ultimate goal of computerized nodule detection 

for early detection of doubtful nodules.  

E.  Nodule contour extraction by Active Contour Modeling 

In the previous section we had some small deformations in the contours of detected nodules. To 

solve this problem, Active contour modeling (ACM) is applied. ACM removes tiny parts, which were               

detected as nodules mistakenly.  

IV. EXPERIMENTAL RESULTS 

A. Implementation of region growing 

A step decrease in the GLV is set GLV2 below the initial threshold GLV1, with which the initial 

core part was extracted. And then a gradual expansion is made to the object using morphological image 

dilation operation.  In every expansion, only pixels that have GLV in that range (GLV1−GLV2) will be 

included. The operation is repeated until the expansion result in no change in the area of the objects, 

meaning no more pixels having GLV> GLV2. Another step decrease in the GLV below GLV2 is set 

(GLV3), and the operation is repeated. The lowest GLV was determined experimentally to be GLV=150 

and the step is set to equal 50. 
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Since in this CAD system, the objects are extracted at two different GLVs, one at 700, and the other 

one at 300. In the first threshold, region growing is done starting from GLV=700 till GLV=150, while in the 

second it starts from GLV=300 till GLV=150, with step decrease=50 in both of them. 

After every growth of any object, it is examined by checking some geometric features which are: its 

area, extent, and roundness. A certain limit is set for a maximum area an object can have, which is 

determined to be=700 mm, the area is calculate as: pi * 𝑟2 , where r=15mm is the maximum radius nodules 

are known to have. So much emphasis was put on the roundness feature, so that when objects start to have 

their roundness value deviate from a certain sharp limit, their growth will stop on the spot. 

 

     

         Fig.2 Original LDCT image of lung                                                 Fig. 3 Median Filter                                          Fig. 4 Mask Template  

 

           

                Fig. 5 Initial Segmentation                          Fig. 6 Region growing segmentation                        Fig. 7Pulmonary parenchyma 

 

B. Results of Nodule Candidate 

 In this proposed method, the main objective is to identify the nodule candidate of the given image. 

Once the image belonging to nodule is selected, it is broken down using the KNN classification algorithm. 

The result of lung nodule detection on CT image using region growing algorithm is shown in Figure 8. 
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  Fig. 8 Result of lung nodule 

C. Performance Analysis 

 The most common method is used for evaluating the performance of image analysis is accuracy, 

sensitivity, specificity and false positive rate (FPR). FPR indicates the cost of detection.  

 

 

 

TABLE.I PERFORMANCE COMPARISON OF EXISTING METHODS 

Sl.No Study (Year) Nodules Nodule  

Diameter  

size (mm) 

Sensitivity 

1. Wang et al. [10] 2013 108(isolated, juxta- 

vascular & juxta 

pletral) 

5-30 mm 98.2% 

2. El-Baz et al. [11] 2013 130 (calcified, not 

calcified cavity nodule) 

>10 mm 82.3% 

3. Chen et al. [12] 2012 55 3- 27 mm 91.5% 

4. Riccardi et al. [13] 2011 117 (isolated, juxta- 

vascular & juxta 

pletral) 

>=3 mm 71% 

5. Matsumoto et al. [14] 2008 66 >= 4 mm 79 % 
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According to the detection standard, high accuracy, high sensitivity and low rate of false positive can be 

considered as an ideal detection algorithm. This can be shown in Table II. 

TABLE II. EVALUATION OF PROPOSED SYSTEM 

 

Samples 

 

True 

Nodules 

 

Accuracy 

 

Sensitivity 

 

Specificity 

 

 

112 

 

16 

 

88.2% 

 

76.363% 

 

89.4% 

 

90 

 

20 

 

91.2% 

 

78.264% 

 

97.6% 

 

 

V. CONCLUSION 

Lung cancer is one of the most harmful diseases in the world. Proper Diagnosis and early detection 

of lung cancer can increase the survival rate of the patient. Computer Aided Diagnosis (CAD) involving 

Image Processing techniques for nodule detection helps in the diagnosis of cancer. In this paper, region 

growing algorithms is implemented to detect nodules in lungs from a CT Scan image of Lungs. It can obtain 

accurate and effective result of pulmonary parenchyma detection based on CT images.  
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