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ABSTRACT 

We propose a new algorithm called distance transform region of interest (DT-

ROI) to deal with the irregular patient's surface. The ROIs can be placed 

orthogonally along the patient’s surface to get spatial resolution. The algorithm 

was developed using several image processing techniques. The original image 

was first segmented to obtain a segmented image. The segmented image was 

eroded and dilated to obtain an eroded and dilated image. Both the eroded and 

dilated images were edge detected to obtain the edge images of the eroded and 

dilated image. The edge images were distance transformed to obtain the closest 

pixel coordinate. Finally, ROIs were placed based on the coordinates obtained 

before. The DT-ROI was then assessed qualitatively by comparison with the 

ROI placement from the standard radial ROI (SR-ROI) on a Polymethyl 

methacrylate (PMMA) phantom, an anthropomorphic phantom, and the 

patient’s computed tomography images. The algorithm resulted in 

orthogonalized ROIs, both along the irregular object and the circular object. 

The ROI comparison between DT-ROI and SR-ROI shows a little difference in 

terms of orthogonality on PMMA phantom. Meanwhile, on the 

anthropomorphic phantom and the patient’s CT image, the DT-ROI produced a 

lot more orthogonal ROIs than the SR-ROI. Several ROIs of the DT-ROI have 

decreased orthogonality at certain sections, which can be observed in both 

phantom and patient images. However, theoretically, a slight decrease in 

orthogonality will not affect the modulation transfer function (MTF) 

measurement significantly. The DT-ROI algorithm has been successfully 

developed based on distance transformation and performed as the design. The 

algorithm can automatically place ROIs along the patient’s irregular surface 

better than the SR-ROI algorithm. However, not all ROIs placed from DT-ROI 

are well-orthogonalized. DT-ROI still needs to be improved before it is used to 
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measure MTF to obtain a more optimal measurement. 

Keywords: CT, distance transform, region of interest, orthogonality, spatial 

resolution 

 

I. INTRODUCTION 

 

Computed Tomography (CT) is a medical imaging 

modality producing excellent axial images using x-ray 

radiation. Based on the 2020/2021 United Nation 

Scientific Committee on The Effects of Atomic 

Radiation (UNSCEAR) report, CT examinations 

increased by 80% from the number reported in 2010. 

CT also contributed to the highest collective effective 

dose (61.6%), followed by conventional diagnostic 

radiology (23%), interventional radiology (8%), 

nuclear medicine diagnostics (7.2%), and dental 

radiology (0.2%) [1]. 

Examination using CT offers efficiency and 

effectiveness in obtaining quality images. One of the 

important image quality parameters is spatial 

resolution [2,3]. Generally, spatial resolution indicates 

the ability of the image to distinguish two or more 

small objects that are close together [3,4]. High 

resolution image provides more accurate information 

on small objects. It means the diagnosis will be more 

accurate as well. 

Like other image quality parameters, spatial 

resolution has to be evaluated through quality control 

(QC) procedures [5]. Spatial resolution is generally 

evaluated by observing the bar pattern (BP) phantom 

visually [6]. However, this evaluation is rather 

qualitative because its accuracy is limited to the 

subjectivity of human observer. A more objective 

evaluation procedure is by developing a modulation 

transfer function (MTF) curve [7,8]. The MTF curve 

can be developed through the point spread function 

(PSF), line spread function (LSF) and edge spread 

function (ESF) [7,9,10]. The ESF is sometime used 

[11,12] because preparing edge targets is relatively 

easy and does not require special phantoms 

(microbead or wire phantoms) [9,13,14]. 

Spatial resolution of the CT system is 

generally obtained from a phantom image instead of 

patient [15,16]. However, measurements on the 

phantom cannot fully describe spatial resolution on 

patient image because it tends to describe the ideal 

capability of the imaging system in specific condition 

[17-20]. Therefore, measuring spatial resolution 

directly from patient image is an interesting prospect. 

Up to date, the automation of image quality 

measurement to perform direct measurement on 

patient CT images has mostly focused on the noise 

parameters [19-23]. For spatial resolution, the related 

research is still limited due to some unresolved 

challenges [24,25]. 

One of the challenges to measuring a patient’s 

spatial resolution, especially using the MTF curve, is 

the placement of the region of interests (ROI) at the 

edge. This is because of the irregular geometry comes 

from the patient's surface. It requires a more complex 

method to place the orthogonal ROI along the edge of 

the patient. Therefore, this study aims to 

automatically place the ROIs with sufficient 

orthogonality and match the contours of the surface of 

the object. In this paper, we offer a new method using 

the distance transform and the algorithm is called 

distance transform ROI (DT-ROI).  

 

II.  METHODS AND MATERIAL 

 

A. DT-ROI algorithm development  

The DT-ROI algorithm was developed using the 

Python programming. The algorithm was designed to 

be able to place orthogonalized ROIs along the surface 
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of the object based on the distance transform. DT is an 

image processing technique for changing a binary 

image consisting of a background and foreground into 

a new image with each pixel object having a value 

according to its minimum distance to the background 

[26-31]. The stages of DT-ROI development were 

consisting of segmentation, morphological operation 

(erosion and dilation), edge detection, distance 

transformation and ROI placement. Finally, the DT-

ROI algorithm was assessed to know the quality of its 

ROI placement. The stages are shown in Figure 1. 

The original image (Fig.1(a)) was segmented 

based on a threshold of -200 Hounsfield unit (HU). 

Segmentation on the original image produced a binary 

image which has the same shape to the original (Fig. 

1b). The morphological operations used in this stage 

were dilation and erosion. Both dilation and erosion 

work by processing an image with a kernel 

(structuring element) [32,33]. 

 
Figure 1. The DT-ROI development stages. (a) Original image, (b) Segmented image, (c) Dilated image, (d) 

Eroded image, (e) Edge of image d, (f) Edge of image c, and (g) DT-ROI image. 

The segmented image (Fig.1(b)) from the 

segmentation operation was then eroded and dilated 

with disk kernel with radius of eight pixel (dk8) to 

obtain an eroded image (Fig.1(c)) and a dilated image 

(Fig.1(d)). The erosion and dilation operations were 

denoted by 𝑐 = 𝑏 ⊖ 𝑑𝑘8  and 𝑑 = 𝑏 ⊕ 𝑑𝑘8 . The 

eroded and dilated images were then processed by 

edge detection. Edge detection obtained the edges of 

image d (Fig.1(e)) and the edge of image c (Fig.1(f)) for 

the next to be distance transformed to obtain the 

closest coordinate. 

The distance transform was based on 

Euclidean Distance (ED) called the Euclidean Distance 

Transform (EDT) [28,30,34]. EDT was considered 

more accurate than other metrics in determining the 

shortest distance between two points (pixels) [26,35]. 

In general, the ED formulation of two points 𝑝 and 𝑞 

is shown in Equations 1 or 2. 

𝑑(𝑝, 𝑞) =  √∑(𝑝𝑖 − 𝑞𝑖)2

𝑛

𝑖=1

 (1) 

or 

𝑑 =  √(𝑝1 − 𝑞1)2 + (𝑝2 − 𝑞2)2 … + (𝑝𝑛 − 𝑞𝑛)2 (2) 

In particular, the ED of two points 𝑝 and 𝑞 in 

the two-dimensional is illustrated in Figure 2 and 

formulated in Equation 3. 𝑑 is the distance between 

points 𝑝 and 𝑞 in two-dimensional coordinates 𝑝 (𝑝𝑥 , 

𝑝𝑦 ) and 𝑞 (𝑞𝑥 , 𝑞𝑦). ∆𝑥  and ∆𝑦  are equal to ∆𝑥= 𝑝𝑥 −

𝑞𝑥 and ∆𝑦= 𝑝𝑦 − 𝑞𝑦. 
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Figure 2. The Euclidean distance illustration in the 

two-dimensional. 

 

𝑑 = √(𝑝𝑥 − 𝑞𝑥)2 + (𝑝𝑦 − 𝑞𝑦)2 (3) 

In this distance transform stage, EDT was 

applied to each white pixel in the edge of image d 

(Fig.1(e)) towards the object in the edge of image c 

(Fig.1(f)). The EDT process produced the closest 

distance value between each white pixel on the edge 

of image d (Fig.1(e)) and the edge object on the edge 

of image c (Fig.1(f)). This process also produced the 

coordinate of closest pixel. 

The ROI shape for measuring MTF at the 

edges was 2D profile line. Using the coordinates 

returned from white pixel in the edge of image d and 

returned from the EDT, the line ROIs were placed by 

connecting the line through the two coordinates. The 

ROIs were then overlaid on the original image to 

create the DT-ROI image (Fig.1(g)) and displayed in 

the figure window for observation. 

 

B. ROIs quality assessment 

ROIs were assessed from its orthogonality to the 

surface of the object. Higher orthogonality meant 

better because the MTF measurement requires high 

orthogonality in order to obtain optimal values [36-

41]. In this study, the ROIs orthogonality of DT-ROI 

was assessed qualitatively by comparing the ROIs 

placement from DT-ROI with the ROIs placement 

from standard radial ROI (SR-ROI) on a Polymethyl 

methacrylate (PMMA) phantom, an anthropomorphic 

phantom, and a patient CT image. The PMMA 

phantom was used to assess ROIs placement on 

circular surfaces, while the anthropomorphic 

phantom and CT image of the patient were used to 

assess ROIs placement on irregular surfaces. 

SR-ROI was chosen as benchmark in this 

study because of its specialization. SR-ROI was part of 

an algorithm developed by Ainurrofik et al. (2021) 

[10] that is able to place ROI based on the radial 

method, resulting in ROIs with high orthogonality 

only on objects with circular surfaces. 

 

III. RESULTS AND DISCUSSION 

 

The DT-ROI algorithm has been successfully 

developed according to the design. The algorithm is 

able to automatically place orthogonalized ROI along 

the irregular object surface (patient). Figure 3 shows 

the ROIs placed by DT on abdominal image. 

The comparison between the DT and SR-ROI 

on a circular PMMA phantom is shown in Figure 4. 

SR-ROI (Fig.4(b)) places ROI with higher 

orthogonality than DT-ROI (Fig.4(a)). ROIs 

placement in DT-ROI, there are several ROIs that are 

not well-orthogonalized. 

 

 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 9 | Issue 6 

Ulil A. Taufiq  et al Int J Sci Res Sci & Technol. November-December-2022, 9 (6) : 238-243 

 

 

 466 

 
Figure 3. ROIs placement using the DT-ROI algorithm on patient CT image. 

 

 
Figure 4. ROIs placement on a PMMA phantom. (a) ROIs placement using DT-ROI and (b) ROIs placement on 

using SR-ROI.

Comparison between the DT-ROI and SR-ROI 

algorithms on an anthropomorphic phantom 

(irregular surfaced object) is shown in Figure 5. DT-

ROI (Fig.5(a)) clearly places ROs with higher 

orthogonality than SR-ROI (Fig.5(b)). SR-ROI shows 

significantly lower ROIs orthogonality at high 
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curvature sections. The decrease in the orthogonality 

occurs because the SR-ROI is not suitable to be 

applied to irregular phantoms. SR-ROI is designed 

specifically for standard phantom with circular shape 

[10]. 

 
Figure 5. ROIs placement on an Anthropomorphic phantom (pelvis area). (a) ROIs placement using DT-ROI 

and (b) ROIs placement using SR-ROI 

A similar case can also be observed in ROIs 

placement of a patient's CT image (irregular surfaced 

object) as shown in Figure 6. DT-ROI (Fig.6(a)) also 

places higher orthogonality than SR-ROI (Fig.6(b)) for 

the same reason. SR-ROI shows lower orthogonality 

on the left side of the zoom panel in Figure 5b. 

Some of the ROIs that are not well-

orthogonalized in DT-ROI occurs in all applications. 

This happens because of a mismatch in the 

morphological operation stage, especially in the kernel 

model. The mismatch from using the kernel model 

causes the EDT operation to produce the closest pixel 

coordinates that assemble at one point, so that the 

ROI placement has low orthogonality in that part. 

However, the decrease in ROI orthogonality 

occurring in DT-ROI is relatively low. That means it 

will not significantly affect the value of MTF 

measurements later, as in previous studies on MTF 

measurements of slanted edges [36,40,41]. 

IV. CONCLUSION 

 

The proposed algorithm, namely DT-ROI, has been 

successfully developed according to the design. The 

DT-ROI can automatically place the ROIs 

orthogonally along the irregular patient’s surface. The 

ROI placement of DT-ROI on patient’s is better than 

SR-ROI. However, there are several ROIs that are not 

well-orthogonalized in the DT-ROI. This problem 

needs to be solved before the algorithm is used to 
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measure the MTF so that the DT-ROI can obtain a 

more optimal measurement. 
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Figure 6. ROI placement on a patient’s CT image (abdomen). (a) ROI placement using DT-ROI and (b) ROI 

placement using SR-ROI.
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