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Abstract— This paper presents a lesion of lung cancer 

detection exist in CT scan images using watershed 

segmentation. Lung cancer is a disease of uncontrolled cell 

growth in tissues of the lung.  It seems to be the common cause 

of death among people throughout the world. Therefore, 

diagnosis of lung cancer at early stage can help doctors to treat 

patients and keep them alive.  The main aim of this research is 

to establish an image processing method for segmentation of 

lung cancer from CT scan images by using image processing 

techniques. In order to achieve the main aims, the work is 

divided into two parts, first is obtaining lung region from CT 

scan images and second is detecting the lesion of lung cancer. 

Hence, this paper will present the outcome of the second part. 

The lung lobes and nodules or lesion in CT image are segmented 

using two techniques which are convolution watershed and 

modified watershed within two stage approaches. Firstly, the 

image will undergo threshold, clustering and image filtering as 

well as enhancement process to get better and clearer lung area  

image. This stage is known as pre-processing stage where this 

stage is needed to improve the quality of images as the images 

normally comes with some unwanted information that may 

obscure some feature that are important. In this stage, the 

distortion or noise will be removed in order to enhance the 

important features in the images. Next, is the most important 

stage in this research which is the segmentation stage since 

convolution and modified watershed is considered as an 

essential step in medical image analysis, classification and 

detecting the lesion of lung cancer. Then, the performance of 

segmentation process is measured whether or not it improves 

the accuracy, recall, precision and F- score parameters. The 

comparative analysis is made on 50 set of images. The outcome 

of this research is very helpful for the doctor to determine the 

type of treatment should be provided to the patient. and to 

diagnose the lung cancer and nodule on the image. 

Keywords—Computed Tomography (CT) scan, Image 

Segmentation, Lung nodule, Watershed Segmentation  
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I. INTRODUCTION

UNG cancer is one of the most serious disease among

human in the world such as in the U.S and worldwide 

[1]. Based on the studies from [2], almost 8.2 million and 

1.59 million deaths in 2012 and 2014 are due to lung cancer. 

In Indonesia, lung cancer becomes the major cause of the 

deaths for men in the year of 2014 [3]. The number one cause 

of deaths among men in Malaysia is lung cancer based on the 

World Health Organization report that released in April 

2011[4]. There are two major types of lung cancer, Small 

Cell Lung Cancer (SCLC) and Non- Small Cell Lung Cancer 

(NSCLC) [5].  

Lungs are the organ that located in the chest in the rib cage. 

The lungs are the pair of spongy, air-filled organs located on 

either side of the chest. The right lung has three lobes and left 

lung has two lobes [6]. According to the Khin and Aung [7], 

the types of lung cancer disease can be divided into four 

stages. In stage I, the cancer is confined to the lung. The 

cancer is confined to the chest on stage II and III, but with 

larger and more invasive tumors classified as stage III. For 

stage IV, cancer spreads from the chest to other parts of the 

body. 

CT imaging is the imaging procedure for the lung used to 

detect pulmonary disease such as lung cancer, tumour, and 

cystic fibrosis. The diagnosis and treatment of lung cancer 

are dependent on the type of lung cancer. CT scan become 

the most reliable method for early detection of cancer as has 

produced good detection of classification with lower cost, 

takes shorter time to conduct the procedure and widespread 

availability [8]. Compare to MRI and X-ray, CT scan are 

more useful due to its advantage in terms of the low noise 

and better clarity. 

Currently, computer aided diagnosis (CAD) is one of  a 

essential part of diagnosis procedure for early detection. 

Whereby, CT image of the lung is processed to detect the 

occurrence of cancer nodule. Occasionally, a radiologist uses 

CAD systems for pre-processing of the image to assist in 

discovering the most possible locations for lung nodules. The 

first step is suppressing the background structure in lungs 

like ribs, bronchi, and blood vessels. Later, the nodules are 

categorized based on size, contrast, and shapes by using 

preprocessing algorithm such as Median filter, Average 

filter, and Wiener filter. Watershed algorithm is use in 

segmentation process to divide the lung lobes from CT image 
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and suspicious regions classification.   

Watershed segmentation is one of the methods that 

commonly used in image segmentation, features extraction 

and surface visualization [9]. The basic concept of 

Watershed segmentation is based on visualizing an image in 

three dimensions, which are two spatial coordinates versus 

gray levels. There are three types of points to be studied in 

watershed segmentation which are points that have its place 

to regional minima, points at which the drop of water is 

positioned and the points at which the water is uniformly 

likely to befall [10]. S. Makaju et al. [11] applied watershed 

segmentation in their research to detect lung cancer and the 

outcome of their research is quite convincing with the 

accuracy of 92%.  

To date, there has been many system developed and on 

going research conducted for lung cancer detection. 

However, some systems do not have satisfactory accuracy of 

detection and some systems need to be improved to achieve 

highest accuracy tending to 100%. Therefore this study is 

conducted to improve the gaps left from the previous 

researchers. The objective of this study is to obtain the lung 

region region from CT scan images and for this paper, the 

emphasize is in detecting the lesion of lung cancer. This 

paper proposed modified watershed algorithm for the image 

segmentation of the lesion of lung cancer. The rest of the 

paper is organized as follows. In Section II the methodology 

of this project is explained. Section III is the result and 

discussion whereby Section IV is the conclusion of this 

paper. 

II. METHODOLOGY 

This section discusses in detail the entire process of the 

proposed methodolgy. In general, the method comprises four 

(4) parts which are data/image acquisition, image pre-

processing, image segmentation, detection of lung cancer  

and performance evaluation. Figure 1 shows the block 

diagram of the overall methodology. The following sub-

sections will discuss each part of the methodology in detail: 

 

 
 

Fig. 1. Block Diagram Of The Overall Methodology 

A. Image acquisition   

Image acquisition is the first part of preparing raw images 

to be processed for any computer vision system. For this 

research work, CT images has been acquired from Advanced 

Medical and Dental Institute (AMDI), Universiti Sains 

Malaysia database and from The Cancer Imaging Archive 

(TCIA Images) in the form of DICOM ( Digital Image 

Communications in Medicine). The data were collected 

restrospectively from 50 subjects. The images were sorted 

and loaded into a MATLAB 2017b software.  

 

For the purpose of presentation the result in this paper, 5 

images are used as shown in Figure 2.   

 
Fig. 2. The original image of lung region 

B. Image pre-processing  

The aim for the pre-processing stage is to improve the 

contrast and clarity of the images as well as to separate the 

lung region from its background. There are many techniques 

such as smoothing, and a few enhancement techniques 

including the image segmentation technique are applied to 

the image in order to improve the quality of image in this pre-

processing stage. The details explanation on the 

implementation of this stage was discussed in [12]  

C. Segmentation 

The main purpose of the segmentation stage is to simplify 

the representation of an image into more significant and 

easier understanding image [13]. Watershed segmentation is 

implemented in this image segmentation stage for the 

purpose of detecting the lesion of cancer from the CT scan 

image. In this paper, we focus on the lesion segmentation. 

Nodule or lesion is a mass of tissue located in the lung. It 

appears as round, white shadows on CT image [14]. If the 

mass of 25mm or larger, it can cause cancer. Therefore, it is 

important to segment lung nodules. Conventional and 

modified Watershed sementation is used to segment the lung 

lobes and lung nodules. 

1)  Conventional Watershed Segmentation:  

To get a smooth region, Marker- Controlled  Watershed 

segmentation is used in this project. The process of level 

set segmentation is used to obtain the extracted nodule 

image by allowing  the image undergoes the thresholding, 

clustering and enhancement processes as well as the 

circular Hough transform to find the circle region (the 

lesion region). Figure 3 shows the block diagram of the 

conventional watershed method. 

 
Fig. 3. Block diagram of the conventional watershed 

method 
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2) Modified Watershed Segmentation 

In this research a modified watershed segmentation is 

proposed since the preferred result cannot be obtained 

directly and effectively by the conventional method. The 

level set segmentation process which consist of the 

thresholding, clustering and enhancement, as well as the 

discovery of circle using circular Hough transform 

process from the previous stage remain the same in order 

to provide a preliminary segmentation of the lung nodule. 

These level set segmentation process and watershed 

process complement each other. In order to get an 

effective, better smooth and sufficiently robust 

segmented region, the convolution of the Marker- 

controlled watershed with the watershed ridge lines is 

performed. In this work some modification is applied to 

the watershed ridge lines process to suit with the lung CT 

scan image environment. Figure 4 shows the block 

diagram of the modified watershed method. 

 

 
 

Fig. 4. Block diagram of the modified watershed method 

 

D. Performance Evaluation 

The performance evaluation was divided into two part 

which are qualitative and quantitative. The qualitative 

assessment is done by observation using human eyes which 

is then validated by radiologist, while quantitative 

assessment is calculated by referring to the accuracy, 

precision, recall and F-score test. The formula for each  

performance indicator were presented below [15]: 

 

 𝑅𝑒𝑐𝑎𝑙𝑙 =
𝑇𝑃 

𝑇𝑃+𝐹𝑁
                                                                    (1)                                                                                         

                          

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑇𝑃 

(𝑇𝑃+𝐹𝑁)
                                                     (2)                                                                       

 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
(𝑇𝑃+𝑇𝑁) 

(𝑇𝑃+𝑇𝑁+𝐹𝑃+𝐹𝑁)
                                      (3)                                                                                   

                           

𝐹𝑠𝑐𝑜𝑟𝑒 =
2 (𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 x 𝑅𝑒𝑐𝑎𝑙𝑙) 

(𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 +𝑅𝑒𝑐𝑎𝑙𝑙)
                                         (4) 

 

 

True Negative, TN is the number of background pixel and 

True Positive, TP is the number of lung nodule pixel that 

correctly classified. False Positive, FP is incorrect 

classification number of lung nodule pixel and False 

Negative, FN is incorrect classification number background 

pixel.  

Recall also known as sensitivity; is the fraction of the total 

amount of relevant instances that were actually retrieved. 

Precision (also called positive predictive value) is the 

fraction of relevant instances among the retrieved instances. 

It measures the closeness of agrement between predicted 

output of the system and actual result is the meaning of 

accuracy. The result of F-score is obtained from the 

calculated precision and recall where according to  [16], F-

score is a measure of a test's accuracy. 

III. RESULTS AND DISCUSSION 

A. Qualitative 

This section will discuss in detail the result in qualitative 

for obtaining the lung region and detecting the lesion of lung 

cancer. For the purpose of result presentation and discussion 

in this paper, five (5) images of lung with different shape of 

lung area are presented, tested for the proposed modified 

watershed segmentation and compare it with the 

conventional watershed. As mentioned, the primary aim of 

this research is to establish an image processing method for 

segmentation of lung cancer from CT scan images by using 

image processing techniques. In order to achieve that, the 

work is divided into two parts, first is obtaining lung region 

from CT scan images and second is detecting the lesion of 

lung cancer. The outcome of the first part are presented in 

[12].  

Figure 5 shows the resultant image of lung lobes of  while  

Figure 6 shows the nodule of lung cancer obtained by  

conventional watershed method and proposed modified 

watershed method. 

 

Fig. 5. The resultant image lung lobes  of (a) Conventional 

watershed (b) improve watershed method. 

 

Meanwhile, Table I shows the outcome of the second part 

that is detecting the lesion of lung cancer. It can be seen that 

both methods able to detect the lung lobes and nodule but the 

proposed modified watershed method gives the better, 

clearer and more enhanced lesion region. It can be seen at the 

edge of the lesion is smoother and the region between the 

lung cancer area and the lesion part is more enhanced .  
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Fig. 6. The resultant image the nodule of lung cancer  of (a) 

Conventional watershed (b)  improve watershed method. 

 
TABLE I 

RESULT OF DETECTION OF LESION OF LUNG CANCER 

Original Image Conventional 

watershed 

Proposed Modified 

watershed 

 

Image 1 

  

 

Image 2 
  

 

Image 3 
  

 

Image 4 

  

 

Image 5 

  

In other word, the proposed modified watershed method, 

provide a better comprehensive image than the conventional 

watershed. This can be observe from the improve of the 

watershed ridge lines, the smoother edge and better enhanced 

lesion region of the resultant image obtained by the proposed 

watershed method, as compared to the conventional 

watershed. 

B. Quantitative 

This section presented a quantitative result. The 

performance is measured based on statistical parameters of 

precision, recall, accuracy and F-score is presented in Table 

II. The average performance of detecting the lesion of lung 

cancer is as presented in Table III. Conventional Watershed 

segmentation gave an average value of precision 99.54%, 

recall 96.13%, accuracy 99.41% and 97.80% for F-score. 

The proposed modified Watershed segmentation gave a 

slightly higher performance which are precision 99.80%, 

recall 98.41%, accuracy 99.93% and 99.09% for F-score  

 
TABLE II 

 PERFORMANCE OF DETECTING THE LESION OF LUNG CANCER  

Segmentation Precision Recall Accuracy F-score 

Image 1 100 93.10 99.99 96.43 

Image 2 99.98 100 99.98 99.99 

Image 3 99.86 100 99.86 99.93 

Image 4 99.16 100 99.89 99.57 

Image 5 100 99.11 99.92 99.55 

 
TABLE III 

AVERAGE PERFORMANCE OF DETECTING THE LESION OF 

LUNG CANCER  

Segmentation Precision Recall Accuracy F-score 

Conventional 

Watershed 
99.54 96.13 99.41 97.80 

Proposed 

Modified 

Watershed 

99.80 98.44 99.93 99.09 

 

Based on both analyses, the proposed modified Watershed 

segmentation method gave the better percentage in all the 

tested parameters. The proposed modified Watershed 

segmentation also shows better contrast of the lung lesion 

compared to conventional watershed. This method works by 

determine the area of the lung and then determind the lung 

lesion that exist in the lung area. 

 

IV. CONCLUSION 

This paper proposed a modified watershed segmentation 

method for detecting lung nodule of lung cancer from CT 

scan images. This experiment adds to a growing corpus of 

research showing that it is possible to detect lesion that exist 

in CT Lung images via a proper image processing technique. 

The proposed method gives a better performance as 

compared to the conventional watershed with the accuracy 

of 99.93%. We have demonstrated the effectiveness of the 

method by a few examples from CT scan images 
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