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Abstract 

This paper proposes an algorithm that automatically converts images into Pipo, painting images using OpenCV-

based image processing technology. The existing “purity,” “palm,” “puzzling,” and “painting,” or Pipo, pain-

ting image production method relies on manual work, so customized production has the disadvantage of coming 

with a high price and a long production period. To resolve this problem, using the OpenCV library, we 

developed a technique that automatically converts an image into a Pipo painting image by designing a module 

that changes an image, like a picture; draws a line based on a sector boundary; and writes sector numbers inside 

the line. Through this, it is expected that the production cost of customized Pipo painting images will be lowered 

and that the production period will be shortened. 

 

Keywords 

Computer Vision, Image Processing, OpenCV, Pipo Painting 
 

 
 

1. Introduction 

Pipo from “Pipo painting” is a term created by combining the first letters of “purity,” “palm,” 

“puzzling,” and “painting.” Pipo painting is a type of do-it-yourself painting kit. It refers to a canvas 

where the line of the picture is drawn, and the color number is written inside the line [1]. Pipo painting 

involves drawing masterpieces or famous images, or drawing images of individual interest, and it remains 

a famous hobby. As the non-face-to-face market has developed due to coronavirus disease 2019 (COVID-

19), which occurred in January 2020, the number of people who naturally enjoy Pipo painting has 

increased. Fig. 1 shows the manufacturing process of the actual Pipo painting product. Existing Pipo 

painting products can easily be purchased, but if the image that consumers desire is produced as a Pipo 

painting product, it is handmade, so the product cost increases, and the production period is prolonged. 

This makes the painting less accessible to consumers. To solve this problem, software was developed 

that automatically converts an image into a Pipo painting image. 

The existing Pipo painting production method has a disadvantage in that a person has to convert the 

image directly. Because companies that sell customized Pipo painting products in the actual market 

specify that the manufacturing process is manual, they warn that it will take about two weeks for actual 

consumers to receive their products. This research team purchased an actual product to confirm this. The 
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product ordered on July 16, 2021, was received on August 16, 2021. In fact, it took 31 days longer than 

the 2 weeks of warning. In addition, the price of the product was more than $80 because it was produced 

manually. Therefore, the product’s accessibility for consumers is not good. Pipo painting divides the 

boundaries of a picture with lines and constructs unit sections, like a puzzle. Each section is assigned a 

unique color. 

 

 
(a) (b) (c) 

Fig. 1. Procedure of Pipo painting: (a) order and deliver Pipo kit, (b) painting borderlines and colors, and 

(c) complete personal Pipo. 

 

In this paper, the starting Pipo painting picture consisting of colored unit areas is defined as the base 

figure (BF). A BF should be assigned a color similar to that of the original image. Creating a BF is an 

important task that determines the completeness of a picture when a Pipo painting is completed. 

Therefore, BF creation work requires considerable know-how and experience. The work of finding the 

most suitable paint color for the image tends to be classified into expert areas. Therefore, the disadvantage 

of Pipo paintings is that non-experts cannot easily produce them. In this study, a system was developed 

that can automate all manual tasks, such as painting, border extraction, and color selection, which are 

part of the existing process of Pipo painting. 

 

 

2. System Design 

In this study, a Pipo painting image was automatically created through a total of six steps. The entire 

algorithm representing the techniques used in each step is shown in Fig. 2. 

 

 

Fig. 2. Whole algorithm of creation of Pipo painting image. 

 

2.1 Sectorization 

Sectorization is a concept suggested in “performance of multi-antenna features and configurations” 
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that divides an area into several to increase the multi-connection efficiency of a multi-antenna. In this 

paper, the task of dividing an original image into multiple areas is defined as sectorization [2]. Sectorization 

is required to change the initial original image into a picture. A blur filter was applied to simplify the 

numerous colors included in the image, and a bilateral filter characterized by keeping the edges of the 

image clear was applied [3]. In this case, to adjust the degree of blur according to the image size, the number 

of horizontal (�) and vertical (�) pixels of the image are calculated to compute an image size variable for 

parameter adjustment according to the image size. The �����	�
� variable is the value obtained by 

dividing the square root of the value multiplied by � and � by 100 and then truncating the remainder. 

The  ������
�
� and � values among the bilateral filter parameters were set using the �����	�
� 

value. ������
�
� defines the standard deviation of the filter in the three-dimensional color space, and 

the larger the value, the greater the influence of neighboring pixels and the reference color. � represents 

the number of pixels used for filtering [3]. At this time, as the value of ������
�
� increases, the greater 

the image blurring effect. In this study, the value of ������
�
� was set as the default value of 10, which 

is greater than the value of less than 10, which warns that the blurring effect is not great. At this time, to 

increase the intensity of the blur effect according to the image size, the pre-calculated �����	�
� value 

was added to the ������
�
� value. � was set to -1 so that the recommended value was automatically 

set according to the ������
�
� value. If the value of ������
�
� increases above a certain level, it 

takes a long time to work, and the image is excessively deformed, which may blur the boundaries of the 

colors in the image. Therefore, 150, which is the appropriate maximum level of the ������
�
� value 

warned in the OpenCV official document, was set as the maximum value, and the smallest of the ������
�
� value  and the 150 calculated in this study was set as the final ������
�
� value [4,5]. 

 

2.2 Color Clustering 

Blur-processed images go through a color clustering process. In general, more than hundreds of 

thousands of colors are in an image, and the K-means clustering algorithm is applied to reduce all colors 

to � colors. The K-means algorithm is a type of unsupervised learning that sets or classifies the input data 

into a specific number of clusters that the user determines through repetitive optimization techniques. It 

is commonly used in the field of image processing due to offering a simple and fast calculation speed 

[6,7]. The time complexity of the K-means algorithm is expressed as �(����). � is the number of �-

dimensional vectors, � is the number of clusters, � is the number of dimensions, and � is the number of 

repetitions [7]. The higher the number of iterations � for obtaining the best performance result by clustering 

based on different initial centroids, the higher the accuracy, but the disadvantage is that the time complexity 

increases. However, even if the number of repetitions was increased, the visual difference in the resulting 

image was insignificant, so it was set to one [8]. In this case, the result may appear completely different 

depending on the method of setting the initial central. To compensate for these shortcomings, this study 

involved using the K-means++ algorithm as the initial centroid setting method. The K-means++ algorithm 

is an improved algorithm designed to enhance the accuracy of the K-means algorithm, which is widely 

used among clustering-based algorithms. 

Although it takes more time to calculate than a random designated method does, it is guaranteed to find 

an optimal solution by distributing the center of the cluster widely [9,10]. A new image was created by 

reducing the color of the entire image to � through K-means clustering. Fig. 3(a) is the original image, 
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and Fig. 3(b) and 3(c) are the regenerated image results from reducing the color by setting � to 8 and 32, 

respectively. 

 

2.3 Sector Expanding 

It is necessary to expand the image to increase the accuracy of the drawing sector boundary and the 

insert sector number modules, as well as to improve the quality of the resulting image. In this case, when 

the image is expanded with a fixed magnification according to the size of the original image, the image 

will still be small or too large. Therefore, it is necessary to vary the expansion magnification according 

to the image size. 

 

 
(a) (b) (c) 

Fig. 3. Example of color clustering: (a) source image, (b) image clustered in eight colors, and (c) image 

clustered in 32 colors. 

 

The unit used for image printing is DPI, which indicates the number of dots per one inch of actual size. 

At this time, the average size of canvases sold on the market is 19.68 inches. When a canvas is being 

printed, the recommended pixel value can be calculated by multiplying the DPI by the length (inches) of 

the canvas to be printed. Based on the 200 DPI mainly used in commercial products, the recommended 

pixel value is 3,937 pixels when one is multiplying the length of the canvas (19.68 inches). Therefore, 

the image should be resized to a value larger than 3,937 pixels. The minimum magnification was 

calculated to make the smallest of the horizontal and vertical sizes of the image more than 4,000 pixels. 

The interpolation method is applied for expanding the image. The image interpolation technique is an 

image processing technique that is widely used not only to convert low-resolution images into high-

resolution images but also to zoom in on certain parts and scan medical images, such as with computed 

tomography and magnetic resonance imaging [11]. Regarding the image interpolation method used in 

this study, bilinear interpolation aimed at maintaining and expanding the line of the image in the image 

expansion was used. Bilinear interpolation is a technique in which one-dimensional linear interpolation 

is continuously applied in the horizontal and vertical directions. It is a method of predicting a pixel value 

at an arbitrary position between two pixels, with a straight value connecting the sizes of the adjacent left 

and right pixel values [12]. 

As the image expands, the human eye sees the same image as before, but in reality, tens of thousands 

of new colors are created. Because a line is drawn based on the color boundary, it is necessary to merge 
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the newly created colors with the existing � colors. In � color RGB lists, each color is called (�1,�1, �1), 

respectively, and the RGB values of the pixels to be currently calculated are called (�2,�2, �2) , 

respectively. In this case, when the color vector distance between the existing pixel color and one of the � colors is �, the process of obtaining � can be expressed by Eq. (1). 

 � = �(�1 − �2)� + (�1 − �2)� + (�1 − �2)� (1) 

 

When the color vector distance is calculated with the RGB value, several colors having the same vector 

distance may be obtained. For example, when the RGB value of an existing color is (10, 20, 30), the 

vector distance between two colors (5, 20, 35) and (15, 15, 30) is the same. To solve this problem, when 

two or more indexes have the same vector distance calculated through Eq. (1), the hue, saturation, value 

(HSV) values of the color are compared as the second condition. First, convert the RGB values to HSV 

values. HSV is one of the color expression methods for specifying a specific color using the coordinates 

of the hue, saturation, and brightness [13]. The HSV value is also obtained by calculating the vector 

distance between the HSV values to find the minimum value. When the two HSV values are (ℎ0, �0, �0) 

and (ℎ1, �1, �1), the vector �������� of the HSV value can be obtained through the following Eq. (2). 

 

�ℎ = ����|ℎ1 − ℎ2|, 360 − |ℎ1 − ℎ0|� ÷ 180.0 

�	 =  |
1 − 
0| 

�� = |�1 − �0| ÷ 255.0 

��
�
��� = (�ℎ × �ℎ + �
 × �
 + �� × ��)� 

(2) 

 

The image sectorization process is blurring the original image and then clusters the colors into �. After 

that, the image is expanded, and the new color created in the process is wrapped with one of the � colors 

by calculating the distance between the existing � colors and the color vector. 

 

2.4 Drawing Sector Boundary 

After reducing the color to � through color clustering in the original image, draw a line based on the 

boundary line where the sector color is changed in the converted image, as shown in the picture. In this 

paper, the boundary where the sector color of the image changes is defined as the sector boundary. When 

all pixels in the image are compared, all pixels with different colors from the adjacent pixels are converted 

to black so that the lines do not break. At this time, as the thickness of the line increases, it becomes 

difficult to paint the final result image—for instance, a section where the line overlaps or the area inside 

the line decreases—so all lines are drawn to the thickness of one pixel. When two lines are compared, all 

pixel indexes with different RGB color values of adjacent pixels are obtained. At this time, the horizontal 

and vertical directions of the image are compared to obtain all pixel locations with different colors from 

adjacent pixels. After the pixel position is calculated, all the pixels are changed to RGB (0, 0, 0) and 

converted to black. Thereafter, the three-dimensional image is converted to a two-dimensional image by 

converting the image to black and white. Fig. 4 shows the image drawn by changing the color to black 

based on the sector boundary. 
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Fig. 4. Image of line drawn based on the color boundaries. 

 

2.5 Finding Sector Incenter 

Write a color number at a specific position in the inner space of the line. At this time, find the inscribed 

circle that is tangent to all boundaries of a specific sector, and write a number in the incenter, the center of 

the inscribed circle. The existing definition of an inscribed circle is a circle that is tangent to all sides of a 

polygon, but in this paper, a circle with a maximum area that can be drawn inside a specific sector is defined 

as an inscribed circle. In this case, if no line is present at the outermost part (edge of the image), the incenter 

cannot be obtained. Therefore, as the last process of the module in this study, an arbitrary line was drawn 

on the edge of the image to increase the accuracy so that numbers were written on all sectors in the color 

numbering process. If the color boundary line has been extracted from the painted image, the color number 

is now written inside the color boundary line. At this time, the color number is the number of the paint that 

the user will paint inside the picture. The user receives the drawing, checks the color number written inside 

the sector, and selects the paint to be painted. The color number writing task involves writing the color index 

by detecting the color of each sector of the input image. 

A preprocessing step is required before color numbering. All colors of the image to be worked on should 

be extracted, and the index should be matched 1:1 with each color. Read the image to be worked on pixel 

by pixel, and get the blue, green, red (BGR) color value of each pixel. Thereafter, duplicates are removed 

from the corresponding BGR value. In this case, the color number uses the BGR values as the indexes 

counted from 1 in order. The algorithm is shown in Fig. 5. 

 

Algorithm 1. Set color index 

1 Input: Clustered Image 

2 index ← 1 

3 Color Dictionary ← {} 

4 for pix in Clustered Image 

5 BGR ← get BGR from pix 

6 if BGR in Color Dictionary 

7 pass 

8 else 

9 Color Dictionary[index] ← get BGR from pix 

10 return Color Dictionary 

Fig. 5. Set color index algorithm. 
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For detecting the color inside the contour, the color space of the image must be converted to CIE L*a*b* 

format. CIE L*a*b* is a non-linear transformation of the color space that the International Commission on 

Illumination (CIE) established in 1931. The L* value represents brightness, a* represents red and green, and 

b* represents yellow and blue. The CIE L*a*b* color space was defined based on research on human vision, 

independent of the medium, unlike RGB [14]. 

The process of converting the RGB color space to the CIE L*a*b* color space is as follows [14]. Since 

RGB cannot be converted to CIE L*a*b* directly, we convert RGB to intermediate color space called 

“XYZ” established in CIE in 1931 using Eq. (3). 

 

����� ← �0.412453 0.357580 0.180423

0.212671 0.715160 0.072169

0.019334 0.119193 0.950227

� • ��� � �  ←
�

��

, !ℎ��� �� = 0.950456, 

� ← �/��,  !ℎ��� �� = 1.088754

(3) 

 

By using XYZ, we compute L*a*b* values under the process of Eq. (4). 

 

"∗ ← #116 ∗ ��

�   − 16 $
� �〉 0.008856

903.3 ∗ � $
� � ≤ 0.008856
 

�∗   ← 500%$&�'   − $&�'( + ) 

�∗   ← 200($(�)   − $(�)) + )
(4) 

 

The converting function $&*' and constant ) are given by Eq. (5). 

 

$&�' = + ��� $
� �〉 0.008856

7.787�  +  
16

116
$
� �  ≤  0.008856

 

and 

) = ,128 $
� 8 − ��� ������
0 $
� $�
���
� − -
��� ������ 

(5) 

 

The binarized color cluster image is the result of Eqs. (3)–(5). In the binary image, a ℎ������ℎ. list 

expressing the hierarchical relationship of the �
��
/� list is additionally created. The pseudocode of the 

work is shown in Fig. 6. 

 

Algorithm 2. Get contours hierarchy 

1 Input: Clustered Image (CI) 

2 for pix in Clustered Image: 

3 pix ← ⌊pix/127⌋ 

4 temp1 ← find Contours from CI 

5 temp2 ← find Hierarchy from CI 

6 return [temp1, temp2] 

Fig. 6. Calculation contours, hierarchy algorithm. 
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In Fig. 6, line 4 can receive either the entire ������� or only the boundary box coordinates, depending 

on the user setting. In this paper, �	�
�������� of OpenCV is used to implement the algorithm (Fig. 6). 

In this paper, the tree shape was confirmed using 
��
_�
�� provided by OpenCV. �	�
�������� is 

used as a method for extracting the correlation of the �������. 

�������� are intricately intertwined with one another. Therefore, when the color number is written, if 

the child ������� is located at the coordinates where the color index is written, they may overlap each 

other. To solve this, the masking operation is required for all children inside the �������. 

 

 

Fig. 7. Hierarchy structure example. Adapted from [15]. 

 

The index of the parent ������� is written at the fourth index of each element of the ℎ	�����ℎ� variable. 

Fig. 7 is the output of the ℎ	�����ℎ� of the structure generated through the algorithm (Fig. 6) [15]. The 

fourth argument for each item (Fig. 7(d)) represents the index of the parent �������. If the parent ������� 

does not exist, it is denoted as -1. At this time, if the fourth argument (Fig. 7(d)) extracts the same elements 

as the current contour, all children who are overlaid inside the contour can be extracted. All extracted 

children are represented in an array format. 

 

 
       (a)         (b)     (c) (d) (e) 

Fig. 8. Insert sector number progress: (a) create image, (b) masking all, (c) fill white to contour, (d) 

masking to children, and (e) calculate inscribed circle. 

 

The masking operation first creates an image of the same size as the image (Fig. 8(a) and 8(b)). After the 

current ������� boundary is drawn in white (Fig. 8(c)), painting the child �������� in black completes 

the masking operation (Fig. 8(d)). At this time, the white area is the area of the pure ������� excluding the 

child area outside and inside the �������. Now, we need to determine the coordinates where the color index 

will be written inside the �������. The coordinates to be written are at the incenter of the corresponding 

�������. The reason why it should be the incenter instead of the center of gravity is that the center of 

gravity is located outside the ������� depending on the shape of the �������. An example of an inscribed 

circle and an incenter is the red circle and red dot in Fig. 8(e). The pseudo code is shown in Fig. 9. 

An example of the image as a result of executing code line 1 in the pseudocode of Fig. 9 is shown in Fig. 
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10. The original sample image is an image of several Trump cards on a flat surface. Fig. 10 is an image 

representing the color value that is proportional to the distance value away from each black boundary of the �
��
/� [16]. 

 

Algorithm 3. Get Contour incenter 

1 Input: Binarized Image 

2 for pix in Binarized Image: 

3 pix ← distance from contour 

4 radius ← calculation from incircle 

5 incenter ← find Incenter from Binarized Image 

6 return [radius, incenter] 

Fig. 9. Calculation contour incenter algorithm. 

 

 

Fig. 10. Resulting image of Fig. 9. Adapted from [16]. 

 

2.6 Insert Sector Number 

This study’s research team measured the width of the smallest brush on the market and confirmed that the 

radius was 1 mm. Also, the minimum pixel in the picture tailored to the typical canvas size of 50 cm 

described in 2.3 is 4000 pixels, and the ratio is 8 pixels per 1 mm. If the radius of the inscribed circle returned 

for each contour is less than 8 pixels, it is difficult to paint with a brush, so it is not reflected in the result. 

The coordinates at which the color index is to be written are at the incenter. The reason for this is that 

when an index is written in the sector’s center of gravity, the writing position may deviate from the sector 

area in a special shape, such as a crescent shape or a donut shape. This problem violates the rule of Pipo 

painting, which requires coloring inside the area. On the other hand, in the case of the incenter, the 

coordinates are always located inside the sector regardless of the shape of the sector, and the case where the 

number is generated close to the boundary line can be avoided. If the number is located close to the boundary 

line, it may overlap the line, making it difficult to identify the number, and the readability will decrease 

when the user views the drawing. 

For the final result image to be produced, a blank image of the same size as the input image must be 

created. The result image is created by writing the contour boundary line and color indexes for the blank 

image. Creating a blank image is created by allocating 255 for each pixel to a blank image of the same size 

as the image to be worked on. In this case, 255 is the maximum value of the color range of 0 to 255, and it 

corresponds to white. Then, draw the contours of the picture in the generated white image. To extract the 

inner color index of each contour, use the L*a*b* color space image created above. First, the outside of the 

contour in the L*a*b* image is painted in black to perform masking, and the average value of the inside 
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color of the contour is extracted. After that, using the Euclidean distance calculation formula (Eq. 6), find 

the index of the color value closest to the internal average value in the L*a*b* image color value, and write 

it in the inner coordinates. 
 

‖� � �‖ � ��� � �� � �� � �� � �‖�‖� � ‖�‖� � 2� � � (6) 
 

In Eq. (6), � is point � (�1, �2, ..., ��) expressed in an orthogonal coordinate system, and � represents � 

(�1, �2, ..., ��) like � [17]. The above operation is performed for all contours. For the user to check the 

color and the color index of the paint, the result is displayed in a legend format. At this time, the position of 

the legend is the upper left corner of the image (20 pixels from leftmost and 40 pixels from topmost). Write 

down the color index first, and draw a rectangle painted with the color on the right side of the color index. 

An example of the results drawn through the above legend work is shown in Fig. 11. This figure is part 

of the entire legend (indexes 6 to 9). It can be seen that the rectangle is located with the color corresponding 

to each color index. The user can check the corresponding color number to check the color that matches the 

paint number. 

 

 
Fig. 11. Color index legend. 

 

The image in which all color numbering has been completed is shown in Fig. 12. This figure shows 

the result of completing all work procedures of this algorithm for the original image corresponding to 

Fig. 1. At this time, because the legend function is disabled, the color number index is not visible in the 

upper left corner. The lower right image in Fig. 12 is an enlarged part of the resulting image. It can be 

seen that the color number is written at the inner position of each contour area. 

 

 
Fig. 12. Image with color index number. 



Minku Koo, Jiyong Park, Hyunmoo Lee, and Giseop Noh 

 

J Inf Process Syst, Vol.19, No.1, pp.33~45, February 2023 | 43 

3. Experimental Results 

We conducted a comprehensive experiment by combining all the previous processing on Pipo painting. 

The experimental set-up is summarized in Table 1. 

The sample image used for the test purpose, ‘la-la-land’, has the information of Table 2. 

 

Table 1. Experimental environment for Pipo painting processing 

Experimental setup Description 

Hardware Mainboard MSI B360M 

 CPU Intel Core i5-9400F CPU @ 2.90 GHz 

 GPU NVIDIA GeForce RTX 2070 SUPER 

 RAM DDR4 24 GB 

Software OS Window 10 Pro, 64 bit, 21H2 

 Python 3.8.10 

 Flask 1.1.2 

 cv2 4.5.1 

 Numpy 1.20.1 

 

Table 2. Information on the test image titled as “la-la-land” 

 Format Width (pixel) Height (pixel) Bit Size 

Input .png 910 1,024 24 0.97 MB 

Output .png 2,730 3,072 24 810 kB 

 

To validate the performance of our approach, we conducted experiments with two more images. The 

experimental results are portrayed in Table 3, which explain and show how input images are processed 

for each main process. Since the space is limited, we show the process of 16 color reduce in Table 3 even 

we conducted 8-, 16-, and 32-color clustering. 

 

Table 3. Experimental results with various images 

Image title Original 
Color clustering 

(16 colors) 
Line draw Numbering 

La-la-land.png 

    

Entrance.png 

    

Library.jpg 
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4. Conclusion 

This study proposes a method for automatically changing the original image to a Pipo painting canvas 

image using OpenCV-based image processing technology. For transforming the initial image, like a 

picture, after blur processing, an image clustered into k colors is generated using the K-means algorithm. 

Afterward, the pixel whose color is changed in the image is changed to black, a line is drawn, and then, 

it is converted to a two-dimensional image. Analyze outlines and hierarchical relationships in the line-

drawn image. Find the sector incenter, remove the overlapping area, and write the color index number to 

create the final result. 

Pipo painting is naturally attracting attention as a popular leisure activity due to the revitalization of 

the non-face-to-face market following COVID-19. If the technology development through this study is 

used in the actual manufacturing process of customized products, the price of the product can be lowered. 

Through this technology, it is expected that Pipo painting will become popular, and the accessibility of 

this technology for the socially underprivileged, such as in the form of group art therapy for dementia 

patients, will increase. As our future works, the automated computing approach on the mixing ratio of 

paint is needed since we only provide color images and color codes. Additionally, enhancing the 

algorithm, finding sector incenter (Algorithm 3 in Section 2.5), will improve overall processing time. 

 

 

References 

[1] T. Pandina Scot, C. M. Callahan, and J. Urquhart, “Paint-by-number teachers and cookie-cutter students: the 

unintended effects of high-stakes testing on the education of gifted students,” Roeper Review, vol. 31, no. 1, 

pp. 40-52, 2008. 

[2] H. Asplund, D. Astely, P. von Butovitsch, T. Chapman, and M. Frenne, “Performance of multi-antenna 

features and configurations,” in Advanced Antenna Systems for 5G Network Deployments. Amsterdam, 

Netherlands: Academic Press, 2020, pp. 561-637. 

[3] C. Tomasi and R. Manduchi, “Bilateral filtering for gray and color images,” in Proceedings of the 6th 

International Conference on Computer Vision (IEEE Cat. No. 98CH36271), Bombay, India, 1998, pp. 839-

846. 

[4] OpenCV, “Smoothing images,” 2022 [Online]. Available: https://docs.opencv.org/4.5.2/d4/d13/tutorial_py_f

iltering.html. 

[5] OpenCV, “Image filtering,” 2023 [Online]. Available: https://docs.opencv.org/3.4/d4/d86/group__imgproc_

_filter.html.  

[6] C. G. Woo, K. H. Park, and Y. H. Kim, “Shadow area detection based on Slic Superpixel and K-mean 

algorithm,” Proceedings of KIIT Conference, vol. 2019, no. 6, pp. 1-3, 2019. 

[7] Wikipedia, “K-means clustering,” 2023 [Online]. Available: https://en.wikipedia.org/wiki/K-means_clust

ering. 

[8] OpenCV, “K-means clustering in OpenCV,” 2021 [Online]. Available: https://docs.opencv.org/4.5.2/d1/d5c/

tutorial_py_kmeans_opencv.html. 

[9] D. Arthur and S. Vassilvitskii, “k-means++: the advantages of careful seeding,” in Proceedings of the 18th 

Annual ACM-SIAM Symposium on Discrete Algorithms (SODA), New Orleans, LA, 2007, pp. 1027-1035. 

[10] S. W. Lee, “Fast search algorithm for determining the optimal number of clusters using cluster validity 

index,” The Journal of the Korea Contents Association, vol. 9, no. 9, pp. 80-89, 2009. 

https://docs.opencv.org/4.5.2/d4/d13/tutorial_py_filtering.html
https://docs.opencv.org/4.5.2/d4/d13/tutorial_py_filtering.html
https://docs.opencv.org/3.4/d4/d86/group__imgproc__filter.html
https://docs.opencv.org/3.4/d4/d86/group__imgproc__filter.html
https://en.wikipedia.org/wiki/K-means_clustering
https://en.wikipedia.org/wiki/K-means_clustering
https://docs.opencv.org/4.5.2/d1/d5c/tutorial_py_kmeans_opencv.html
https://docs.opencv.org/4.5.2/d1/d5c/tutorial_py_kmeans_opencv.html


Minku Koo, Jiyong Park, Hyunmoo Lee, and Giseop Noh 

 

J Inf Process Syst, Vol.19, No.1, pp.33~45, February 2023 | 45 

[11] F. A. Jassim and F. H. Altaany, “Image interpolation using kriging technique for spatial data,” Canadian 

Journal on Image Processing and Computer Vision, vol. 4, no. 2, pp. 16-21, 2013.  

[12] D. Kim, “Adopting and implementation of decision tree classification method for image interpolation,” 

Journal of Korea Society of Digital Industry and Information Management, vol. 16, no. 1, pp. 55-65, 2020. 

[13] Wikipedia, “HSL and HSV,” 2023 [Online]. Available: https://en.wikipedia.org/wiki/HSL_and_HSV. 

[14] Wikipedia, “CIELAB color space,” 2021 [Online]. Available:  https://en.wikipedia.org/wiki/CIELAB_color

_space.  

[15] OpenCV, “Contours hierarchy,” 2021 [Online]. Available: https://docs.opencv.org/4.5.2/d9/d8b/tutorial_py_

contours_hierarchy.html.  

[16] OpenCV, “Image segmentation with distance transform and watershed algorithm,” 2021 [Online]. Available: 

https://docs.opencv.org/3.4/d2/dbd/tutorial_distance_transform.html.  

[17] Wikipedia, “Euclidean distance,” 2023 [Online]. Available: https://en.wikipedia.org/wiki/Euclidean_dista

nce. 

 

 

Minku Koo  https://orcid.org/0000-0001-7779-9402   
Since March 2016, he has been with the Department of Software Convergence at 

Cheongju University as an undergraduate student and a researcher of the Database 

Laboratory. His research interests include database operation, image processing, big 

data processing algorithms, and visualization. 

 

 

Jiyong Park  https://orcid.org/0000-0002-5084-2391  
Since March 2016, he has been with the Department of Software Convergence at 

Cheongju University as an undergraduate student and a researcher of the Database 

Laboratory. His research interests include complex database, natural language 

processing, and deep neural networks. 

 

 

Hyunmoo Lee  https://orcid.org/0000-0001-9774-4409  
Since March 2016, he has been with the Department of Software Convergence at 

Cheongju University as an undergraduate student and a researcher of the Database 

Laboratory. His research interests include complex database, image processing, and 

deep learning algorithms. 

 

 

Giseop Noh  https://orcid.org/0000-0003-2630-3723  
He received a B.S. degree in industrial engineering at R.O.K. Airforce Academy in 

1998, an M.S. degree in computer science at University of Colorado in 2009, and a 

Ph.D. degree in computer Engineering at Seoul National University in 2014. He is 

currently a professor in the Department of Software Convergence, Cheongju Univer-

sity, Cheongju, Korea. His research interests include artificial intelligence, natural 

language processing, and recommender systems. 

https://en.wikipedia.org/wiki/CIELAB_color_space
https://en.wikipedia.org/wiki/CIELAB_color_space
https://docs.opencv.org/4.5.2/d9/d8b/tutorial_py_contours_hierarchy.html
https://docs.opencv.org/4.5.2/d9/d8b/tutorial_py_contours_hierarchy.html
https://en.wikipedia.org/wiki/Euclidean_distance
https://en.wikipedia.org/wiki/Euclidean_distance


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


