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Abstract 
 

Background/Objectives: Technologies related to image processing such as transforming the atmosphere of images or adding effects to 

images have been making rapid progress owing to the recent advancement of media. 

Methods/Statistical analysis: We need to devise methods to easily identify color composition and distribution in 3D space. This study 

introduces a method of visualizing the color distribution in 3D using standard color models so that the distribution pattern of color infor-

mation in images can be easily understood. 

Findings: The distribution of colors that make up these images provides people with various stimuli and cognitive information. In order 

to convert images according to the user's intention in image manipulation research, the process of analyzing the images is very important, 

yet it is also significant to confirm that they have been converted as intended. 

Improvements/Applications: Our proposed method enables the user to intuitively understand and recognize color information of image. 
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1. Introduction 

Research on image processing has been actively under way due to 

the advancement of media. Various types of information such as 

background color, illumination, position, etc., are included in im-

ages. Currently, techniques such as recreating images with different 

atmospheres from original ones or adding effects to them by trans-

forming these types of information are being introduced. In order to 

transform images according to the user's intention, the process of 

analyzing and converting them is very important, yet it is also sig-

nificant to confirm that they have been converted as intended. One 

way to verify that images have been converted as intended is to use 

all the colors as frequency band graphs according to the wave-

length. However, because this is difficult to achieve, the most com-

mon method is to use color models in color analysis. Nevertheless, 

it is not easy to determine if the images have been converted 

properly for the user through letters or numbers because they are 

difficult to understand. To address this issue, we will implement a 

method for quickly recognizing the results of image conversions 

using the most appropriate out of the various information visualiza-

tion methods. 

Information visualization is the method of expressing information 

as images to help the user who has access to this information to 

understand it quickly [1-2]. In the past, we used charts to understand 

the detailed flow of analysis results of various kinds of information 

or task procedures. In addition, they were represented in graphs so 

that the information sizes could be easily compared and the changes 

could be easily understood at a glance. Of those methods, the histo-

gram is the most frequently used method to visualize image analysis 

information. The color histogram is a method of representing output 

values from analyzing the color of images in a bar graph on a 2-

dimensional plane. This method uses 2-dimensional Gaussian co-

ordinates similar to other 2-dimensional graphs. The horizontal X-

axis represents the color ranging from 0 to 255, and the vertical Y-

axis represents the amount of each color. In addition, R, G, and B 

channels of an image are separated into a single channel, and then 

the results are visualized [3]. 

Figure 1 shows a histogram for each channel (R, G, B) in the RGB 

color model. The distribution for each channel is clearly recog-

nized. However, it is difficult to confirm the distribution of the final 

color information resulting from the integration of each channel, 

which makes it difficult to confirm the relationship between colors, 

which means that only approximate information can be confirmed, 

a drawback of the method. 

These days, the advancement of media allows information, data, 

and knowledge to be visually represented. Thus, various represen-

tations such as motion, storytelling interaction, dynamic, and 3-di-

mensional graphics have been developed and the traditional info-

graphics that can transmit information quickly and easily [4-5]. 

 

 
Fig. 1: Examples of Color Histograms. 

 

In this study, we will visualize the results of the analyses of images 

through a three-dimensional space structure among information vis-

ualization methods so that the user can quickly recognize them. In 

addition, we aim to achieve visualization as intended by the user by 

providing visualization control parameters that can control standard 

color models (RGB, HSV, and Lab) and resolutions. Various tech-

http://creativecommons.org/licenses/by/3.0/


398 International Journal of Engineering & Technology 

 
niques such as color space analysis, clustering technique, and max-

imization of 3-dimensional space utilization are included to visual-

ize the colors of images in a 3-dimensional space. 

Currently, there are various color models that represent the color of 

images. Of them, RGB, HSV, Lab, and etc., are the commonly used 

color models. These different color models are used for different 

purposes. First, the RGB color model consists of the three primary 

colors of red, green and blue, and the spectral components of each 

color are additionally mixed together to produce different colors. 

The HSV color model refers to a kind of color space based on per-

ception. It expresses the Munsell coordinate system by modeling 

hue, saturation and value as the 3-dimensional space. Lastly, the 

Lab color model is a color model that is similar to a human color 

perception system. With this model, the difference in colors we per-

ceive is similar to the difference of distance in a color space. 

It is important for the user to intuitively know which data needs to 

be highlighted in order to visualize data in a 3-dimensional space. 

A study on ‘Methods to maximize 3-dimensional space use in in-

formation visualization’ suggested that when a large amount of data 

is represented in a certain graphical space, it should be expressed as 

much as possible in the graphical space and certain data could be 

highlighted selectively [6]. There are also analytical studies on the 

complexity of information visualization. A study 'Efficient scene 

description method with the rendering complexity rate functionali-

ty' proposed that relatively light media objects were rendered first 

by referring to a ‘rendering complexity rate’. Therefore, this study 

could reduce the rendering burden on terminals and flexibly deal 

with the terminal rendering situation by lowering the complexity of 

the rendering process, thereby providing a smoother and rich media 

service than existing methods [7]. 

Thanks to the recent advancements in big data technology, infor-

mation visualization has been utilized in various data analysis ap-

plications [8-9]. In particular, studies on visualization related to im-

age and video data have been actively undertaken [10-13]. These 

studies provide the researcher or the general user with effective vis-

ual information. In particular, they help to understand the distribu-

tion of the entire information by abstracting visual information 

summarized from a huge amount of multimedia data [14], and to 

effectively find and understand characteristics that cannot be found 

numerically. 

2. Materials and methods 

This chapter introduces a method of visualizing color information 

in an image in a 3-dimensional space using standard color models 

and visualization parameters. 

 

 
Fig. 2:.System Flow of Color Distribution Visualization. 

 

Figure 2 shows the overall flow of the proposed image color distri-

bution visualization system. The proposed system can control color 

models and resolutions according to the parameter values defined 

in Table 1. Each pixel of an input image is analyzed based on the 

visualization parameters (color model, resolution) set by the user. 

The converted color values are then transformed to a 3D object and 

visualized in a 3-dimensional space. 

 
Table 1: Description of Color Model Visualization Parameters 

Parame-

ters 
Description 

Cmodel 
Select the standard color model (RGB, HSV, Lab) for 3D 

visualization 

n Control the resolution for 3D visualization 

2.1. Visualization based on standard color models 

Color information of pixels of an image should be analyzed to de-

cide the color processing process of an image input by the user. All 

pixels of the input image have the position information of the RGB 

color models and can be switched to other color models such as 

HSV and Lab. 

 

 
Fig. 3: 3D Visualization of Color Models for an Input Image 

 

Figure 3 shows the results of visualization by converting an input 

image into standard color models (RGB, HSV and Lab). First, the 

R, G, and B channels are mapped onto the X, Y, and Z axes in the 

RGB color space. In the HSV color space, the S channel is mapped 

onto the X-axis, the V channel is mapped onto the Y-axis, and the 

H value is placed in a 3-dimensional space through the rotation of 

the Y axis by setting the scale to 360. In the Lab color space, the L 

channel is mapped onto the Y-axis and the a and b channels are 

placed in a 3-dimensional space after calculation. 

2.2. Resolution adjustment 

The resolution of images has been increasing exponentially due to 

the advancement of technology. This has led to a significant in-

crease in the number of pixels in an image. If all the pixels of an 

image are expressed in a limited 3-dimensional space, there is a 

problem that the amount of computation increases and the storage 

space becomes large. There is also a problem that duplicated color 

values are continuously processed. Therefore, this section proposes 

a method for dividing a 3-dimensional space and placing the di-

vided sections into a space and also proposes a method for express-

ing the size of the pixels placed in each divided space. 

 

 
Fig. 4: 3D Space Division Model Based on Color Models 
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Figure 4 shows that the desired resolution is obtained by dividing a 

3-dimensional space into spaces according to the value of the visu-

alization parameter Cmodel. In case the value of the Cmodel is the RGB 

color model, and if the axis length is Axis as evaluated from right 

equations of Figure 4(a) and the resolution can be controlled by n, 

then the space is divided according to the resolution by dividing 

each axis based on the respective scale. We use the 5.0f value as 

size of Axis in 3D space coordinates system. In case the value of 

the Cmodel is the HSV or Lab color model, and if the radius of the 

cylinder is Radius as evaluated in left equations of Figure 4(b) and 

the resolution also can be Resolution parameter n. The space is di-

vided according to the resolution by dividing the radius and height 

of the cylinder based on the respective scale. 

2.3. Volume size for visualized primitive 

In our visualization system, the number of pixels in an image is ex-

pressed in a 3-dimensional space as 3D primitive. We used 3D 

Sphere object as primitive which represent the number of pixels. If 

the count of pixels in the same divided area in 3D space, there is a 

problem that recognition degradation occurs due to size of visual-

ized primitive. Therefore, we adjust the volume size of visualized 

primitive according to the resolution. In addition, objects are ex-

pressed in a 3-dimensional space using a fixed size for the HSV and 

Lab models. 

 

                            (1) 

 

Equation 1 is example of equation used when the value of Cmodel 

is RGB. The scale defined above is used for obtaining the size of 

the 3D object. The size is determined by dividing the number of 

counted objects by the number of pixels in an image. If the method 

defined in Equation 1 is used, regardless of the number of pixels in 

an image, the size of the objects is appropriately visualized. 

3. Results and discussion 

The follows present the results of the visualization of input images 

in a 3-dimensional space using the visualization parameters 

(Cmodel, n) provided by the proposed system. Figure 5 shows a 3-

dimensional visualization of the distribution of pixels according to 

the visualization parameter Cmodel and Resolution parameter n is 

2 when the three images are inputted. As you seen in Figure 5, Color 

distribution is well recognized in 3D color space and user can rec-

ognize where the colors are densely packed and where they are less 

dense. 

 

 
Fig. 5: 3D Visualization of Color Distribution According to Cmodel.. 

 
Fig. 6: 3D Visualization of the Color Distribution According to Cmodel and 
N. 

 

Figure 6 shows the visualized results by adjusting the visualization 

parameters Cmodel and n when inputting the image shown on the left. 

As the resolution increases, the color distribution appears clearly. 

On the other hand, only an approximate color distribution is shown 

as the resolution decreases. Our system can change the style of third 

visualization by changing the provided visual parameters. 

4. Conclusion 

This study introduced a 3-dimensional method for the visualization 

of color information and distribution of images. For visualization, 

a visualization space was designed to understand and visualize the 

3-dimensional structure of standard color models (RGB, HSV, and 

Lab). In addition, it provided not only color models but also resolu-

tion parameters to control the accuracy of visualization so as to pro-

vide various visualization methods. By expressing the complexity, 

position, and inter-relationships of color distribution charts in 3-di-

mensions, we implemented a system that enables the user to intui-

tively understand and recognize them. 

In the future, the results of this research need to be expanded to 

enable wider use in various image processing applications dealing 

with colors. For this, we need to consider not only the visualization 

of the distribution of color information of the currently imple-

mented images, but also how to effectively visualize the analysis 

results based on the relationship of colors for assessing the color 

sensibility that has been recently discussed, and using the color 

clustering technique for the analysis of color sensibility. Lastly, if 

the system is expanded to support multiple images and videos rather 

than a single image, it will serve as a color information visualization 

tool that can be used in more diverse areas. 
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