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Abstract 

For the arrangement processing of image using its histogram, we previously have presented a Histogram Matching 

method based on Gaussian Distribution (HMGD). However, in the case where the brightness histogram of input 

image has multiple peaks, the HMGD processing does not always bring good results. In this paper, we present an 

improved histogram matching method using the reference histogram that is made by appropriate moving average 

(HMMA) processing over the histogram of input image. Also in this paper, we show the experimental results. 
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1. Introduction 

Recently, automated image arrangement processing 

such as enhancement of images that we have already 

reported is usually used in the various imaging devices, 

for example, Digital Camera, Smart Phone and so on [1], 

[2], [3]. 

In our previous papers, we have presented a Histogram 

Matching based on Gaussian Distribution (HMGD) 

processing for the image arrangement [4], [5], [6], [7]. 

And we illustrated that HMGD processing can improve 

feeling (or Kansei) impression of the original image [4], 

[5], [6], [7]. 

In this paper, we propose an improved Histogram 

Matching method using the reference histogram that is 

made by appropriate Moving Average (HMMA) 

processing over the histogram of input image [8]. Also, 

in this paper, we provide the experimental results for 

some color images and show its effectiveness of the 

proposed method. 

2. Principle 

2.1. Histogram Matching as Example of Gaussian 

Distribution [9] 

In the section, we describe the principle of histogram 

matching method as an example of Histogram Matching 

based on Gaussian Distribution (HMGD). 

Fig. 1 shows the conceptual image of HMGD. Let f(x) 

and h(y) be two probabilistic density functions (PDF) on 

real variables x and y, respectively. The PDF is 

corresponding to histogram of image brightness level 

which is discretely defined. 

In addition, let y=(x) be a continuous and monotonic 

increase function corresponding to cumulative 

histogram of image brightness level between variables x 

and y. And let y=(x) be defined by Eq. (1). 

( ) ( )
0

x

y x L f x dx= +   ................................. (1) 

At first, we have to expand brightness level of original 

image histogram and convert into uniform distribution 

histogram, because we aim to match Gaussian 

distribution. From Eq. (1) and Fig. 1, we can derive Eq. 

(2) and (3). 
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We understand the histogram of original image f(x) 

becomes uniform distribution h(y) by Eq. (3). This 

means that brightness level of original image f(x) is 

expanded to h(y). 

Then, let g(z) and (z) be the function that is defined 

by Eq. (4) and Eq. (5), respectively. 
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Here, Fig. 1 shows the relationship between y=(x) 

and y=(z). So we can be obtained following Eq. (6) and 

Eq. (7). 
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If we perform Eq. (7), 

( ) ( ) ( ) ( )' ' ,L x L z f x g z =   .......... (8) 

That is, we understand that f(x) becomes Gaussian 

distribution g(z) when we take the transform function as 

Eq. (1) and Eq. (5).   

Thus, histogram matching processing is the function 

which defined by cumulative histogram transformation 

the original histogram into arbitrary histogram. 

3. Experimentation 

Fig. 2 and Fig. 3 show the example of results and the 

corresponding histogram respectively. In this case, we 

understand that HMGD image is very enhancing 

brightness and contrast than original image.  

However, the touch of brush detail transforms 

unnatural in this image. Also we understand that 

HMMA image is enhancing contrast than original image 

and the color tone keeps and slightly brighter than 

original image.  

Fig. 4 and Fig. 5 show another example of results and 

the corresponding histogram, respectively. In this case, 

we understand that the simple application of HMGD 

processing gives poor perspective impression. And 

HMMA image is enhancing its perspective and detail of 

rocks in this image than original. 

From the experimental results, we consider that 

HMMA processing enhances the effect of the Kansei 

impression effect more than HMGD processing. 

 
Fig.1 Conceptual image of histogram matching 

 (example of HMGD). 

 

4. Conclusion 

In this paper, for the color image arrangement 

processing, we have described two histogram matching 

based methods: Histogram Matching based on Gaussian 

Distribution (HMGD) and Histogram Matching based 

on Moving Averaged histogram (HMMA).  

And we have compared the two methods as to how 

each processing brings about the Kansei impression 

effect. Although the number of experimented images 

that we have shown in this paper is limited, from the 

results, we can find that the processing by HMMA more 

enhances the contrast, brightness, and detail of original 

image than by HMGD. That is, we consider that 

HMMA processing can improve the Kansei impression. 

 Since these evaluation of impression effects are 

subjective at this point, so we will objectively 

investigate the improvement of Kansei impression 

through questionnaire surveys and characteristics 

quantity in image, for future study. 
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a. Original image 

 
b. HMGD image 

 
c. HMMA image 

Fig. 2. Experimental results of original image, HMGD 

image, and HMMA image 
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a. Original image histogram 
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b. HMGD image histogram 
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c. HMMA image histogram 

Fig. 3. Corresponding histogram of Fig. 2 
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a. Original image 

 
b. HMGD image 

 
c. HMMA image 

Fig. 4. Experimental results of original image, HMGD 

image, and HMMA image 
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a. Original image histogram 
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b. HMGD image histogram 
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c. HMMA image histogram 

Fig. 5. Corresponding histogram of Fig. 4 

 

475



Color Image Arrangement Using 

©The 2024 International Conference on Artificial Life and Robotics (ICAROB2024), J:COM HorutoHall, Oita, Japan, 2024 

 

References 

1. R. C. Gonzalez and R. E. Woods, Digital Image 

Processing, Addison-Wesley Publishing Company, 1993. 

2. B. Jahne, Digital Image Processing --Concepts, 

Algorithms, and Scientific Applications-- 4th edition, 

Springer, 1995. 

3. E. S. Umbaugh, Computer Vision and Image Processing: 

A Practical Approach Using CVIP tools, Prentice Hall 

PTR, 1998. 

4. W. Burger and J. M. Burge, Principles of Digital Image 

Processing: Fundamental Techniques, Springer, 2009. 

5. T. Izumi, T. Hattori, S. Sugimono, and T. Takashima, 

Color Image Arrangement Using Elastic Transform on 

Principal Component Axis (in Japanese), Journal of Japan 

Society of Kansei Engineering Vol. 8(3) (2009), pp. 667-

674. 

6. Y. Kawakami, T. Hattori, D. Kutsuna, H. Matsushita, Y. 

Imai, H. Kawano, R.P.C. Janaka Rajapakse, Automated 

Color Image Arrangement Method Based on Histogram 

Matching - Investigation of Kansei impression between 

HE and HMGD -, International Journal of Affective 

Engineering Vol. 14(2) (2015), ISSN 2187-5413, pp. 85-

93. 

7. Y. Kawakami, T. Hattori, Y. Imai, H. Matsushita, H. 

Kawano, R. P. C. Janaka Rajapakse, Kansei Impression 

and Automated Color Image Arrangement Method, 

Journal of Robotics, Networking and Artificial Life Vol. 

1(1) (2014), ISSN 2352-6386, pp. 60-67. 

8. Y. Kawakami, T. Hattori, Y. Imai, K. Ando, Y. Horikawa, 

R. P. C. J. Rajapakse, Reference Histogram Matching 

Based on Moving Averaged Brightness Histogram, IEEJ 

Transactions on Electronics, Information and Systems 

Vol. 138(9) (2018), ISSN 1348-8155, pp. 1131-1132. 

9. Y. Kawakami, T. Hatttori, R. P. C. J. Rajapakse, Kansei 

Impression of Color Image Arrangement Using 

Histogram Equalization, Proceedings of ICESS2023 (The 

8th International Conference on Electronics and Software 

Science), 4pages. 

 

Authors Introduction 

 
Dr. Yusuke Kawakami 

He received the B.E., M.E., and 

Ph.D. degrees in Information 

System Engineering from Kagawa 

University, Japan, in 2009, 2011, 

and 2014, respectively. Since 2020, 

he has been with National Institute 

of Technology (NIT) Kagawa 

College, Japan. Currently, he is an 

Assistant Lecturer in NIT Kagawa 

College. His research interests include Kansei 

Engineering, image processing and sound signal 

processing. He is a member of IEEJ. 
 

 

 

 

 

Dr. Tetsuo Hattori 

He received the B.E. and M.E. 

degrees in Electrical Engineering 

from Doshisha University, and the 

Ph.D. degree in Electronics & 

Information Engineering from 

Osaka University, Japan. After he 

worked for Toshiba Eng. Co., Ltd, 

he had been with Kagawa 

University from 1988 to 2015. 

Currently, he is a Professor Emeritus at Kagawa 

University. His research interests include STEM 

education based on ETT, signal and image analysis, 

pattern recognition, and realization of hybrid computer. 

He is a member of IEEJ and IEEE.  
 

 

Dr. Janaka Rajapakse  

He received the M.S. and Ph.D. 

degrees in Intelligence Science from 

Japan Advanced Institute of Science 

and Technology (JAIST), in 2005 

and 2008, respectively. Currently, 

he is an Associate Professor at the 

Graduate Institute of Animation and 

Film Art, Tainan National 

University of the Arts, Taiwan. His 

research interests include Computer 

Graphics and Animations, Artificial Intelligence, Motion 

Capture Techniques, Virtual Reality, Augmented Reality, 

Haptic Interfaces, 3D Printing, Interactive Media and 

Kansei Engineering. He is also a member of IEEE. 

 

476

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

