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ABSTRACT 

The World Health Organization (WHO) has stated in its report that lung disease is a wide spread in Malaysia 

which caused 2.77% of total death in Malaysia making it the 6
th

 main cause of death in Malaysia. One of the lung diseases 

included in the list is interstitial lung disease (ILD). ILD includes an extensive group of disorders which leads breathing 

complications as a result of the alteration and fibrosis to anatomical structures in the alveolar structures. Therefore, 

diagnosis and analysis of ILD can be performed by segmenting the lung morphology on CT scans images. This study aims 

to construct a 3D lung image morphology using 3D distance regularized level set evolution (DRLSE). The 3D performance 

evaluations for normal lungs on average yielded better results than that of ILD lungs with a Dice’s similarity coefficient of 

93.19%. The constructed lungs from 3D DRSLE has good representation of the segmented normal lungs while suggesting 

deformities in segmented ILD lungs.  
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INTRODUCTION 

The World Health Organization (WHO) has 

stated in its report that lung disease is a wide spread in 

Malaysia which caused 2.77% of total death in Malaysia 

making it the 6
th

 main cause of death in Malaysia [1]. One 

of the lung diseases included in the list is interstitial lung 

disease (ILD). ILD includes an extensive group of 

disorders which leads breathing complications as a result 

of the alteration and fibrosis to anatomical structures in the 

alveolar structures [2-3]. Therefore, diagnosis and analysis 

of ILD can be performed by segmenting the lung 

morphology on CT scans images [4]. Generally, image 

segmentation can be separated into two different 

categories according to how the shape is represented 

which is either explicitly or implicitly [5]. Explicit image 

segmentation represents a shape by its boundary such as 

snake algorithm [6] whereas implicit image segmentation 

represents a shape by its content for example level set 

segmentation. An advantage of implicit representation 

over explicit representation is that the splitting of a shape 

into several shapes is easier and more straight forward 

making it suitable for the segmentation of lungs [7]. 

Introduced by Dervieux and Thomasset [8-9] and then by 

Osher and Sethian [10], level set represents a contour as a 

level set function (LSF) and the contour motion can be 

controlled by evolving the LSF. The level set evolution in 

a conventional method however will cause irregularities 

which can be solved by reinitialization between evolution 

processes [11-14]. A variation of level set which is the 

distance regularized level set evolution (DRLSE) has been 

introduced by Li et al. which requires no reinitialization 

[15] and has wide applications including medical image 

segmentation [16-18]. This study aims to construct a 3D 

lung image morphology using modified 3D distance 

regularized level set. 

MATERIALS AND METHODS 

 

Data acquisition 

A total of 3 healthy individuals and 3 ILD 

patients’ high-resolution computed tomography (HRCT) 

Thorax images were obtained from Kuala Lumpur 

Hospital. Each volume consists of approximately 30 

HRCT image slices and they were collected from Siemens 

SomatomPlus4 CT scanner. The image slices have a slice 

thickness of 10 mm and are saved in 512×512 DICOM 

format. 

 

3D segmentation 
The DICOM images were first being pre-

processed using image morphology. This is mainly to 

remove non-body pixels in an image. A simple Otsu 

thresholding was also carried out to remove pixels inside 

the body that has a large Hounsfield Unit (HU) difference 

than that of the lungs (which has a low HU). The results of 

the pre-processing were the lung and some other 

components inside the body that has low HU such as 

trachea. 

Next, all the 2D HRCT images slices of one 

patient were stacked together to form into a 3D volume. 

Besides, 10 empty slices were added before and after the 

3D volume as a buffer for the initialization of 3D DRLSE. 

Since some of the HRCT images are taken starting from 

the lungs, the buffer caused the initialization outside of the 

lungs. This is especially important because of the front-

propagation nature of the DRLSE. If the zeroth level set is 

initialized within the lungs, DRLSE would not work and 

only the edge of the lungs which have huge HU difference 

with the surrounding are segmented. 

After that, the buffered and stacked lungs are 

being initialized with a cuboid shape as shown in Figure-2. 
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The level set evolution will proceed until either there is no 

volume change in 3 iterations or until the pre-determined 

number of iterations. The volume of the lungs is calculated 

by the total pixels available in the whole lungs segmented 

by DRLSE. 

The final step of the algorithm is to perform 3D 

“box” smoothing before the lungs are being rendered. The 

smoothing of the lungs is mostly for aesthetic purposes as 

it will reduce the overall lung volume by a small margin. 

The flow chart for the construction of 3D lungs images 

with DRLSE can be seen in Figure-1. 

 

HRCT DICOM Images

Image Pre-processing

Image Stacking

3D Level Set

3D Smoothing

3D Lung Rendering

 
 

Figure-1. Flow chart for the construction of 3D lung 

images with DRLSE. 

 

Performance evaluation 

The performance of the 3D image segmentation 

(before smoothing) is evaluated by using relative volume 

difference (RVD), Jaccard’s Index (JI) and Dice Similarity 

Coefficient (DSC). All three performance evaluations are 

performed in 3D. For all evaluations, we assume A as the 

automated 3D segmentation and B as the ground truth 

(GT) or manual delineation by a radiologist. The manual 

delineation was traced in 2D and stacked together to form 

a 3D ground truth stacked lungs volume. The ground truth 

stacked lungs volume is also buffered with 10 empty slices 

before and after the volume to enable the calculation of JI 

and DSC in 3D. RVD is the computation of the volume 

difference of the automated segmentation relatively to the 

ground truth [19] and is given in the following equation; 

 

RVD = 𝐴 − 𝐵𝐵 ×100%.                                               (1) 

 

JI determines the ratio of intersect region to the 

union region between A and B [20] and is given as follow; 

 

JI = 𝐴 ∩ 𝐵𝐴 ∪ 𝐵 ×100%.                                                              (2) 

 

DSC shows the degree of intersect region to the 

average region of A and B [21] as shown in equation (3); 

 

DSC = 𝐴 ∩ 𝐵𝐴 + 𝐵 ×200%.                                                            (3) 

 

RESULTS AND DISCUSSIONS 

Figure-2 shows the evolution of 3D distance 

regularized level set. The cuboid initialization deforms 

slowly to become the shape of lungs. The smoothing 

process that followed up can be seen in Figure-3. It is 

worth noticing that the size or volume of the lungs 

decreased slightly. 

The 3D DRLSE results and their respective 

ground truth stacked lungs for the 6 patients can be seen in 

both Figure-4 (normal patients) and Figure 5 (ILD 

patients). 

While the 3D smoothing helps the presentation of 

the normal lungs, it happened to be quite the opposite for 

the ILD lungs. As seen in Figure-6, the tiny crevices on 

the edge of the lungs indicated by arrows on the 

intermediate smoothing images are amplified into bigger 

cuts from the lungs. Although these spots might not be the 

exact spots that have been infected by ILD, the smoothing 

effects in turns helps in differentiating between normal 

lungs and ILD lungs due to the fact that all three ILD 

lungs has obvious deformity of some sort at the final 3D 

rendering of the lungs. 

As seen in Table-1, the 3D performance 

evaluations for normal lungs on average yielded better 

results than that of ILD lungs. This is because normal 

lungs have less scattered pixels caused by deformities as 

suggested from previous study [22]. All in all, 3D DRLSE 

segmented lungs on both normal and ILD lungs has low 

RVE, high JI and high DSC. 
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Figure-2. Example of 3D DRLSE on normal lungs. 

 

 
 

Figure-3. Example of 3D smoothing process onnormal lungs 

 

 

 

 

 
 

Figure-4. 3D DRLSE results and stacked GT 

for normal lungs. 

 

 

 

 

 
 

Figure-5. 3D DRLSE results and stacked GT for 

ILD lungs. 
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Figure-6. Smoothing effects on ILD lungs. Left: intermediate smoothing results.  

Right: finalsmoothing results. 

Table-1. Results for 3D DRLSE on both normal and ILD lungs. 
 

Normal RVE (%) JI (%) DSC (%) 

1 0.75 91.81 95.73 

2 0.21 89.19 94.28 

3 3.97 81.11 89.57 

Average 1.64 87.37 93.19 

ILD RVE (%) JI (%) DSC (%) 

1 3.83 75.49 86.03 

2 2.20 88.47 93.88 

3 8.09 83.81 91.19 

Average 4.71 82.59 90.37 

 

 

CONCLUSIONS 

The automated 3D DRLSE proposed are capable 

of segmenting and constructing 3D lungs that has high 

similarity and low error when comparing to the ground 

truth. The smoothing effects improves the appearance of 

the segmented normal lungs while suggesting deformities 

in segmented ILD lungs. Future studies include increasing 

dataset preferably from global database and ILD detection 

based on 3D lungs segmented using 3D DRLSE. 
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