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Greetings to all of us, may all be healthy and happy. 
 
Praise and gratitude we pray to the presence of Allah SWT who has 
provided convenience and smoothness in the implementation of the 
Asia Color Association (ACA) Conference 2021 in Indonesia which will 
be held at Uiversitas Gadjah Mada whose implementation is managed 
by the Department of Agroindustrial Technology, Faculty of 
Agricultural Technology and Faculty of Postgraduate. The ACA 2021 
conference uses the theme "Color and Culture" which represents the 
very broad role of color and its important application in relation to 
culture wherever it is located. Color is very important as a symbol that 

is understood by everyone but also has a psychological, religious, cultural effect that is naturally 
felt by everyone without realizing it. 

The ACA 2021 conference involved 16 participating universities from Japan, Taiwan, 
Thailand, China, India and the host Indonesia. It is very interesting to observe the development of 
research that continues to develop regarding this color because in almost all human activities it is 
always related to color, both in the context of health, culture, perception and social values that are 
different in each country. Color is not only important to be managed and designed for the benefit of 
human beings but the color of nature which is a gift from God always surrounds our lives so 
beautifully and this encourages continuous research and understanding of the phenomenon. 

The holding of the 2021 ACA Conference feels special because it will be held online due to the 
unfinished COVID- 19 pandemic situation and due to health and safety considerations, it was 
decided to hold it in a virtual conference. But I hope that even though this conference is held 
virtually, it will not reduce its meaning, benefits and excitement for all of us who attend the 
conference. 

On this auspicious occasion, I would also like to thank the executive committee of the Asia 
Color Association, reviewers, International Advisory Board and scientific committees that I cannot 
mention one by one, all of whom have played a major role in assisting the screening of the paper. 
Processing and providing constructive suggestions so that the ACA Conference 2021 can be held, 
starting from publishing abstract books, organizing conferences and publishing proceedings after 
the conference. In my welcome I would like to thank the committee members who have worked so 
hard for this conference, I am always proud of all of you. Thanks again for all of your hard work. 

I also thank the Rector of Universitas Gadjah Mada, the Dean and Head of the Study Program 
from the Faculty of Agricultural Technology and the Faculty of Postgraduates who have been willing 
to support and host the 2021 ACA Conference. And of course, also thank those who are very 
valuable and I am always proud of colleagues and all conference participants who have jointly made 
this event a success. 

Finally, I hope that this proceeding will be useful to support the smooth implementation of 
this conference. I really hope that the network within the Asia Color Association will continue to be 
well established so that we can all benefit from this conference. 
 
Thank you very much 
 
Conference General Chair ACA 2021  
 
Dr. Adi Djoko Guritno, 
Department of Agroindustrial Technology 
Universitas Gadjah Mada 
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A STUDY ON THE COLOUR OF MASKS FOR FRONTLINE RETAIL 
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Hsien-Hsiang Meng1*, Ray-Chin Wu2 and Li-Chieh Chen3 

 

1 The Graduate Institute of Design Science, PhD student, Tatung University, Taipei, Taiwan, R.O.C. 
2Department of Media Design, Faculty of Design, Tatung University, Taipei, Taiwan, R.O.C. 
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ABSTRACT 

With the outbreak of COVID-19, wearing a mask is one of the most important ways to prevent from this 

pandemic disease. In Year 2020, indoor workers were requested to wear masks in some countries, but no 

regulation for colour and material. Since the mask covers half of the frontline staff’s facial expression, 

the appearance of mask may influence customers’ judgement on the frontline retail staffs, or probably 

affect the decision of approaching them or not. Therefore, the objective of this study is to investigate the 

effect of mask colour on the attributes of frontline staffs’ image. By market survey, seven kinds of single 

colour masks issued by the Department of Health in Taiwan and available to all citizen were collected as 

the sample for this study. Based on literature review and Delphi Method, twelves adjectives suitable for 

frontline staffs’ image were selected by ten field experts in two rounds. The researchers then categorized 

twelves adjectives into four major attributes and developed a questionnaire for mask survey. Forty 

university students participated in the survey. They were asked to pick up the top three masks that were 

close to the image of each adjective, from the seven single colour masks. Based on data analysis and Chi-

Square Test, the most popular mask colours for each of the four attributes were identified. Light 

pink(ltRP) is close to Friendliness. Light pink(ltRP) and white are close to Expertise. Light purple(ltP) 

and light pink(ltRP) are close to Aesthetics. White and light pink(ltRP) are close to Self-confidence. The 

hue-angle of these welcome masks are located from 270o to 360o. This result can be provided to managers 

and frontline staffs for retail practice and management. 

 

INTRODUCTION 

When COVID-19 broke out in 2019, WHO asked for facial mask wearing as one of the safety 

precautions. Initially, masks with any kind of materials, styles and colours were in need urgently. Now 

masks with plenty of colours, patterns and materials are available, and the frontline staffs have many 

different choices of colourful masks on their face. In order to manage consistency in frontline staffs, some 

department stores and restaurants in Taiwan asked them to wear only “light single colour” or “specific 

colour” masks. If any disobey, the staff would be fined as penalty. Since a mask covers the expression of 

the mouse area, the appearance of mask may influence customers’ judgement to approach frontline staffs 

or not. Therefore, the objective of this study is to investigate the effect of mask colour on the attributes 

for frontline staffs’ image and to find out the suitable mask colours for employees in the retail service. In 

compliance with government regulations and to meet customer preferences, the results of this study will 

serve as management references to retails staffs and managers. 
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LITERATURE REVIEW 

Impact of Mask Wearing 

As COVID-19 outbreak, researches showed that face masks can reduce the total number of infections 

and deaths, and can delay the peak time of the epidemic [1]. U.S. CDC even advised the general public 

to wear cloth masks when going outdoors [2]. Wearing mask not only increases the vigilance against the 

epidemic, but also changes the appearance of frontline workers, thus increasing the difficulty of non-

verbal human communication [3] and affecting consumer judgment and satisfaction. Since mask wearing 

is a daily routine for retail business, masks seem like uniform. Some literature about uniform studies 

focused on customers’ perceptions as image recognition, service quality, and professionalism [4]. 

However these studies were limited to body uniform. Face masks were not mentioned.                                                                                                                                                                                                                                                                                                      

Colour Emotion 

Appropriate colour image of uniforms could have a significant and positive correlation with the 

professionalism, perceived image and popularity of the company [5][6]. Besides, research from Nakajima 

showed that the perception of facial expressions was influenced by facial colour [7]. Benitez-Quiroz 

found that visible facial colors allow observers to successfully transmit and visually interpret emotion 

even in the absence of facial muscle activation [8]. Furthermore, Jonauskaite found that lighter colours 

were matched to joy and relaxation (positive moods) than fear and sadness (negative moods) [9]. 

Takahashi and Kawabata found facial expressions are accompanied by facial colour [10]. Facial 

expressions should relate more closely to facial colour than emotional words. Pinkish colours and orange 

were given as responses for joy or the emotions relevant to blushes [10]. 

Although masks cover facial expressions, could have the potential to deliver images by their colours. 

Facial masks are like makeup, using colours to convey emotions. Based on these scholars' research on 

face colour emotions, what colour masks can increase customers' preference will be the focus of this 

study. 

METHOD 

Masks Sampling and Colour Measuring 

In this study, available masks provided by the Department of Health (DOH) Taiwan were collected as 

samples, due to government's certification with sufficient quantity and budget for all citizens. The 

quantity of colour sample masks for experiments were determined when the DOH colour masks survey 

reached ‘theoretical saturation’ [11]. Finally, seven single-coloured sample masks were selected through 

theoretical saturation survey, including white (W), light pink (ltRP), light purple (ltP), light yellow (ltY), 

light blue (ltB), light orange (ltYR), and light green (ltG) shown in Figure 1. 

 

 

Figure 1. Seven Single Coloured Sample Masks 

 

As the sample masks determined, the NCS Colour PIN instrument was used to measure and obtain 

CIELAB coordinates. Each sample mask was measured at three different points (left, center, and right), 

then the average value was calculated. 
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Colour Image Adjectives selected by Delphi Method 

To explore the image of the frontline retail staffs, Shigenobu Kobayashi Colour Image Scale was 

adopted in this study. Through Delphi method, suitable adjectives were selected from 180 key words in 

Shigenobu Kobayashi Colour Image Scale. The Delphi method is a forecasting process framework based 

on the results of multiple rounds of questionnaires sent to a panel of experts. This process combines the 

benefits of expert analysis with elements of the wisdom of crowds. Ten retail experts were invited into 

this panel. The final adjectives were organized and categorized into major attributes as the base elements 

for questionnaire development. 

 

Questionnaire Investigation with Qualified Participants  

Forty University students with retail shopping experience were invited as participants for 

questionnaire survey. They ranked top three colour masks for each question relevant to the colour image 

adjective. For each question, Chi-square test with 0.05 significance level was used to determine whether 

there were significant differences among colour masks. The most popular colour masks were then 

identified based on the highest frequency of ranked first in each question. 

 

RESULTS 

The colours of seven sample masks were measured with colour reader (ColourPin II). The results of 

CIELAB (D65, 2o) coordinates and corresponding chroma C*ab, hue-angle values hab were shown in Table 

1. According to Table 1, these sample masks were all in high lightness and with low to medium chroma 

values. Their distributions in the CIE a*-b* coordinates were shown in Figure 2. 

 

Table 1. Color Measurement for Seven Sample Masks 

Masks Colors L a* b* C*ab hab 

White 92.89 1.01 -0.78 1.28 322 

ltPR 81.14 21.86 -5.32 22.50 346 

ltP 74.18 15.87 -18.22 24.16 311 

ltY 91.65 -7.70 25.46 26.60 107 

ltB 85.07 -5.92 -11.10 12.58 242 

ltYR 86.18 10.01 12.50 16.01 51 

ltG 88.82 -17.31 11.00 20.51 148 
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Figure 2. CIE a*-b* of Seven Sample Masks 

 

Through the Delphi Method, 10 retail experts were invited to select the adjectives to fit frontline retail 

staffs image in two rounds. These adjectives included elegant, stylish, chic, friendly, tender, amiable, 

intellectual, distinguished, cultivated, mature, steady and tasteful. The twelve adjectives were then 

categorized into four major attributes (Aesthetics, Friendliness, Expertise and Self-confidence) and 

developed into a questionnaire with 12-questions. The detailed contents of the questionnaire were shown 

in Table 2. 

Table 2. Questionnaire 

Attributes Item  Adjectives Items Description 

Aesthetics 

A1 This mask makes salesperson "Bright Complex". 

A2 This mask makes salesperson "Elegant & Fashionable". 

A3 This mask makes salesperson "Chic & Styling". 

Friendliness 

B1 This mask makes salesperson "Smiling". 

B2 This mask makes salesperson "Friendly". 

B3 This mask makes salesperson "Amiable and No Stress". 

Expertise 

C1 This mask makes salesperson "Well-Trained". 

C2 This mask makes salesperson "Capable". 

C3 This mask makes me believing salesperson's "Recommendation & Suggestion". 

Self  

confidence 

D1 This mask makes salesperson eyes" Steady & Serious". 

D2 This mask makes salesperson "Generous". 

D3 This mask makes salesperson "Trustworthy". 

 

Forty students (25 females, 14 males, and 1 unspecified) participated in the survey, with 62.5% 

females and 35.0% males. For age, 87.5% participants were under 25 years old. For education, 85% were 

undergraduate students and 15% were graduate students. The results were shown in Table 3. 
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Table 3. Respondent Characteristics 

Parameter Level Frequency [n(%)] 

Gender Male 14(35.0) 
 Female 25(62.5) 
 Unspecified 1(2.5) 

Age(years) 15-19 5(12.5) 
 20-24 30(75.0) 
 25-29 3(7.5) 
 30-34 1(2.5) 
 35-39 0 
 40-44 0 
 45-49 1(2.5) 

Education Undergraduate 34(85.0) 

  Graduate 6(15.0) 

 

The results for the frequency of ranked first from the questionnaire were shown in Table 4. According 

to Chi-square test, there were significant differences in frequency among sample masks for all 12 

questions (p<0.05). In Table 4, the frequency of ranked first mask was highlighted with yellow 

background for each questionnaire item. 

For each attribute, light purple (ltP) and light pink (ltRP) were close to Aesthetics, light pink (ltRP) 

was close to Friendliness. Light pink (ltRP) and white were close to Expertise. White and light pink (ltRP) 

were close to Self-confidence. The three popular colour masks in Figure 2 were all located in the fourth 

quadrant in CIE a*-b*coordinate. 

 

Table 4. Frequency of Ranked First for Seven Sample Masks 

Attributes Item  W ltRP ltP ltY ltB ltYR ltG   p Value 

Aesthetics 

A1 6 12 8 5 1 2 6 0.0270 

A2 5 10 14 4 2 2 3 0.0012 

A3 5 5 12 8 1 6 3 0.0400 

Friendliness 

B1 7 22 2 7 0 1 1 0.0000 

B2 8 14 4 2 3 2 7 0.0029 

B3 11 13 3 2 2 1 8 0.0003 

Expertise 

C1 11 5 8 0 1 4 11 0.0019 

C2 8 15 9 0 3 1 4 0.0001 

C3 8 11 9 4 1 2 5 0.0236 

Self Confidence 

D1 14 5 7 4 3 4 2 0.0088 

D2 8 12 9 4 3 1 3 0.0105 

D3 13 13 2 5 2 2 3 0.0001 
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CONCLUSION 

Based on the result of questionnaire survey, three colour masks, i.e. light pink (ltRP), White (W) and 

light purple (ltP), were mostly close to four attributes compared to other mask samples. Retail managers 

can take this result as a reference for mask choosing in the future. Since four attributes yield different 

results, retail managers can select suitable coloured masks that fit the characteristics of brand attributes, 

or emphasize and highlight a certain attribute, so that consumers can feel the frontline staff image created 

by the colours of masks.  

 

 

RECOMMENDATIONS FOR FURTHER RESEARCH 

In Kodzoman's study, it was noted that the color, style, and texture of individual aesthetics expression 

were related to gender, ethnicity, race, class, nationality, religion, sex, and age [12]. Since this study was 

conducted with limited variables, it could be extended to incorporate other variables. Furthermore, other 

mask design parameters, such as surface materials, shape and form styles, and multi-colour patterns could 

be studies in the future. 
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VISUAL OBJECT IDENTIFICATION BY COLORS VS. BY SHAPES – 

DOES GENDER DIFFERENCE REALLY EXIST? 
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2 Sapporo Campus, Hokkaido University of Education, Japan. 
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ABSTRACT 

It has been said, especially in Japan, that there is a gender difference in the style of visual object 

identification. It is suggested that men tend to identify objects based more on shapes than on colors and 

women vice versa. This research investigates whether it is true through experiments of identifying one of 

two objects whose colors are interchanged. For example, illustrations of “an orange in red color” and “an 

apple in orange color” were shown to respondents, and they were requested to select “the illustration you 

think to be closer to an apple.” The respondents are also asked their age and their preferences of colors 

appearing in the pairs, for example, which of red or orange is preferred. In the experimental results, there 

is almost no difference between the responses of males and those of females or between the responses of 

the younger group and those of the older group. It indicates that the style of visual object identification 

does not depend on gender or age. 

INTRODUCTION 

It is said that there is a gender difference in the style of visual object identification, especially in Japan, 

as a kind of popular interest. According to the popular view, men tend to identify objects based more on 

shapes than on colors and women vice versa.  

The view is supported by a paper [1] stating that women are biologically more sensitive to colors than 

men. The research investigated the difference of color sensitivities between men and women through 

biological experiments avoiding cultural biases, and it found a small but significant difference. Our 

previous research [2] also noted that women are more sensitive and precise in preferences of colors and 

colors of products, according to a survey in Japan. The research investigated gender differences in 

coincidences of preferences in colors and choices in colors of consumer electronics products. The results 

showed that women have more tendency that the coincidence is higher for handheld devices, such as 

smartphones, than for non-portable ones, such as refrigerators in the kitchen. 

This research investigates whether the gender difference in the style of visual object identification is 

true or not through experiments of identifying one of two objects whose colors are interchanged. For 

example, illustrations of “an orange in red color” and “an apple in orange color” were shown to 

respondents, and they were requested to select “the illustration you think to be closer to an apple.” The 

pair of “cloverleaf in pink” and “cherry blossom in green” and two pairs of anime characters famous in 

Japan were also employed in the experiments. The respondents are also asked their age and their 

preferences of colors appearing in the pairs, for example, which of red or orange is preferred. 

According to the experimental results, we found almost no difference between the responses of males 

and those of females or between the responses of the younger group and those of the older group.  It 

indicates that the style of visual object identification, that by color or that by shape, does not depend on 

gender or age. 
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EXPERIMENTS  

The experiment examines whether two items in a category are distinguished by color or by shape to 

present two items whose colors are interchanged and ask which is comparatively properly identified.  

The respondents answered their age and gender and selected their preferred color or item from each 

of the following pairs: red/orange (color), pink/green, red/blue, red/green, and orange (fruit)/apple. Then 

the respondents were shown the following four pairs of illustrations: 

(1) “An orange in red color” and “an apple in orange color,” as shown in Fig. 1. 

(2) “A set of clover leaves in pink color” and “a piece of cherry blossoms in green color,” as shown 

in Fig. 2. 

(3) The Mario Bros., a famous video game, characters [3], “Mario with the green cap (originally red)” 

and “Luigi with the red cap (originally green). 

(4) The Sesame Street, a famous TV series, characters [4], “Elmo in blue (originally in red)” and 

“Cookie Monster in red (originally in blue).” 

(Illustrations of (3) and (4) are not shown here to avoid copyright problems.) 

The respondents answered which is identified apple/ cherry blossom / Elmo / Mario in each pair. The 

number of the respondents was 123, including 45 males and 78 females. Their age ranged from 10s to 

60s, and almost half of the respondents were younger than 30, and the others were older. 

 

 

Figure 1. Orange in red (left) and apple in orange (right) 

           

Figure 2. Clover in pink (left) and cherry blossom in green (right) 

 

RESULTS  

Tables 1-3 show the results of the experiments of showing the illustrations of “orange in red color” 

and “apple in orange color” to the respondents and asked, “Which is identified as an apple?” Each of the 

ratios indicates that in the row. Tables 1, 2, and 3 present the results by gender, by color preference, and 

by item preference, respectively. 
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Table 1. Which is identified as an apple? (by gender) 

gender age orange in red color apple in orange color total 

men < 30 9 ( 90.0% ) 1 ( 10.0% ) 10 

>= 30 18 ( 51.4% ) 17 ( 48.6% ) 35 

total 27 ( 60.0% ) 18 ( 40.0% ) 45 

women < 30 46 ( 86.8% ) 7 ( 13.2% ) 53 

>= 30 18 ( 72.0% ) 7 ( 28.0% ) 25 

total 64 ( 82.1% ) 14 ( 17.9% ) 78 

total < 30 55 ( 87.3% ) 38 ( 12.7% ) 63 

>= 30 36 ( 60.0% ) 24 ( 40.0% ) 60 

total 91 ( 74.0% ) 32 ( 26.0% ) 123 

 

Table 2. Which is identified as an apple? (by color preference) 

preference age orange in red color apple in orange color total 

red < 30 27 ( 84.4% ) 5 ( 15.6% ) 32 

>= 30 17 ( 60.7% ) 11 ( 39.3% ) 28 

total 44 ( 73.3% ) 16 ( 26.7% ) 60 

orange < 30 28 ( 90.3% ) 3 ( 9.7% ) 31 

>= 30 19 ( 59.4% ) 13 ( 40.6% ) 32 

total 47 ( 74.6% ) 16 ( 25.4% ) 63 

total < 30 55 ( 87.3% ) 8 ( 12.7% ) 63 

>= 30 36 ( 60.0% ) 24 ( 40.0% ) 60 

total 91 ( 74.0% ) 32 ( 26.0% ) 123 

 

Table 3. Which is identified as an apple? (by item preference) 

preference age orange in red color apple in orange color total 

apple < 30 24 ( 82.8% ) 5 ( 17.2% ) 29 

>= 30 12 ( 54.5% ) 10 ( 45.5% ) 22 

total 36 ( 70.6% ) 15 ( 29.4% ) 51 

orange < 30 29 ( 90.6% ) 3 ( 9.4% ) 32 

>= 30 14 ( 70.0% ) 6 ( 30.0% ) 20 

total 43 ( 82.7% ) 9 ( 17.3% ) 52 

none < 30 2 ( 100.0% ) 0 ( 0.0% ) 2 

>= 30 10 ( 55.6% ) 8 ( 44.4% ) 18 

total 12 ( 60.0% ) 8 ( 40.0% ) 20 

total < 30 55 ( 87.3% ) 8 ( 12.7% ) 63 

>= 30 36 ( 60.0% ) 24 ( 40.0% ) 60 

total 91 ( 74.0% ) 32 ( 26.0% ) 123 

 

If it is true that men tend to identify objects based more on shapes than on colors and women vice 

versa, the number of respondents who select “apple in orange color” is more in men and less in women. 

However, Table 1 shows that it is not true; The number of men who selected “apple in orange color” 

(40.0%) is less than those who selected “orange in red color” (60.0%), although the ratio of those who 

selected “orange in red color” is higher in women (82.1%) than in men (60.0%). According to Tables 2 

and 3, there is almost no difference between color or item preferences. 

Tables 4 and 5 show the results of the experiments of showing the illustrations of “clover in pink” and 

“cherry blossom in green” to the respondents and asked, “Which is identified as a cherry blossom?” It is 
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not observed any significant difference in gender or in color preference. The ratio of those who selected 

“cherry blossom in green,” i. e. identified by shape, is even higher in women (52.6%) than in men 

(40.0%). 

Table 4. Which is identified as a cherry blossom? (by gender) 

gender age clover in pink cherry blossom in green total 

men < 30 8 ( 80.0% ) 2 ( 20.0% ) 10 

>= 30 19 ( 54.3% ) 16 ( 45.7% ) 35 

total 27 ( 60.0% ) 18 ( 40.0% ) 45 

women < 30 27 ( 50.9% ) 26 ( 49.1% ) 53 

>= 30 10 ( 40.0% ) 15 ( 60.0% ) 25 

total 37 ( 47.4% ) 41 ( 52.6% ) 78 

total < 30 35 ( 55.6% ) 28 ( 44.4% ) 63 

>= 30 29 ( 48.3% ) 31 ( 51.7% ) 60 

total 64 ( 52.0% ) 59 ( 48.0% ) 123 

 

Table 5. Which is identified as a cherry blossom? (by color preference) 

preference age clover in pink cherry blossom in green total 

pink < 30 18 ( 64.3% ) 10 ( 35.7% ) 28 

>= 30 7 ( 63.6% ) 4 ( 36.4% ) 11 

total 25 ( 64.1% ) 14 ( 35.9% ) 39 

green < 30 17 ( 48.6% ) 18 ( 51.4% ) 35 

>= 30 22 ( 44.9% ) 27 ( 55.1% ) 49 

total 39 ( 46.4% ) 45 ( 53.6% ) 84 

total < 30 35 ( 55.6% ) 28 ( 44.4% ) 63 

>= 30 29 ( 48.3% ) 31 ( 51.7% ) 60 

total 64 ( 52.0% ) 59 ( 48.0% ) 123 

 

Tables 6 and 7 show the results of the experiments of showing the illustrations of “Mario with the 

green cap” and “Luigi with the red cap” to the respondents and asked, “Which is identified as Mario?”, 

by gender and by color preference. It is observed that Mario is identified by its shape, not depending on 

gender or color preference. It suggests that Mario and Luigi are remembered by their faces because they 

are famous video game characters.  

Tables 8 and 9 show results in the case of Elmo / Cookie Monster. In this case, Elmo is identified by 

its color, not depending on gender or color preference. It suggests that Elmo and Cookie Monster are 

remembered by their colors, differently from Mario / Luigi, maybe because they are simple animation 

characters and the colors are more informative than the shapes. 

Table 6. Which is identified as Mario? (by gender) 

gender age Mario with the green cap Luigi with the red cap total 

men < 30 10 ( 100.0% ) 0 ( 0.0% ) 10 

>= 30 29 ( 82.9% ) 6 ( 17.1% ) 35 

total 39 ( 86.7% ) 6 ( 13.3% ) 45 

women < 30 44 ( 84.6% ) 8 ( 15.4% ) 52 

>= 30 22 ( 84.6% ) 4 ( 15.4% ) 26 

total 66 ( 84.6% ) 12 ( 15.4% ) 78 

total < 30 54 ( 87.1% ) 8 ( 12.9% ) 62 

>= 30 51 ( 83.6% ) 10 ( 16.4% ) 61 

total 105 ( 85.4% ) 18 ( 14.6% ) 123 
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Table 7. Which is identified as Mario? (by color preference) 

preference age Mario with the green cap Luigi with the red cap total 

green < 30 25 ( 92.6% ) 2 ( 7.4% ) 27 

>= 30 32 ( 86.5% ) 5 ( 13.5% ) 37 

total 57 ( 89.1% ) 7 ( 10.9% ) 64 

red < 30 29 ( 82.9% ) 6 ( 17.1% ) 35 

>= 30 19 ( 79.2% ) 5 ( 20.8% ) 24 

total 48 ( 81.4% ) 11 ( 18.6% ) 59 

total < 30 54 ( 87.1% ) 8 ( 12.9% ) 62 

>= 30 51 ( 83.6% ) 10 ( 16.4% ) 61 

total 105 ( 85.4% ) 18 ( 14.6% ) 123 

 

Table 8. Which is identified as Elmo? (by gender) 

gender age Elmo in blue Cookie Monster in red I don’t know either total 

men < 30 3 ( 30.0% ) 6 ( 60.0% ) 1 ( 10.0% ) 10 

>= 30 12 ( 34.3% ) 13 ( 37.1% ) 10 ( 28.6% ) 35 

total 15 ( 33.3% ) 19 ( 42.2% ) 11 ( 24.4% ) 45 

women < 30 16 ( 30.8% ) 36 ( 69.2% ) 0 ( 0.0% ) 52 

>= 30 10 ( 38.5% ) 10 ( 38.5% ) 6 ( 23.1% ) 26 

total 26 ( 33.3% ) 46 ( 59.0% ) 6 ( 7.7% ) 78 

total < 30 19 ( 30.6% ) 42 ( 67.7% ) 1 ( 1.6% ) 62 

>= 30 22 ( 36.1% ) 23 ( 37.7% ) 16 ( 26.2% ) 61 

total 41 ( 33.3% ) 65 ( 52.8% ) 17 ( 13.8% ) 123 

 

Table 9. Which is identified as Elmo? (by color preference) 

preference age Elmo in blue Cookie Monster in red I don’t know either total 

men < 30 7 ( 28.0% ) 18 ( 72.0% ) 0 ( 0.0% ) 25 

>= 30 6 ( 27.3% ) 11 ( 50.0% ) 5 ( 22.7% ) 22 

total 13 ( 27.7% ) 29 ( 61.7% ) 5 ( 10.6% ) 47 

women < 30 12 ( 32.4% ) 24 ( 64.9% ) 1 ( 2.7% ) 37 

>= 30 16 ( 41.0% ) 12 ( 30.8% ) 11 ( 28.2% ) 39 

total 28 ( 36.8% ) 36 ( 47.4% ) 12 ( 15.8% ) 76 

total < 30 19 ( 30.6% ) 42 ( 67.7% ) 1 ( 1.6% ) 62 

>= 30 22 ( 36.1% ) 23 ( 37.7% ) 16 ( 26.2% ) 61 

total 41 ( 33.3% ) 65 ( 52.8% ) 17 ( 13.8% ) 123 

 

CONCLUSIONS  

We have investigated in this paper whether the gender difference in the style of visual object 

identification is true or not through experiments of identifying one of two objects whose colors are 

interchanged. The experimental results do not support the statement that men tend to identify objects 

based more on shapes than on colors and women vice versa. The results suggest that the difference of 

identification styles by gender and color preference may appear more clearly in natural items than in 

characters in video games and TV series. It is expected to carry out more experiments in various 

conditions. 
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ABSTRACT 

The varieties of color name can be influenced by cognitive process and linguistic-specific. Due to the 

diversity of Thai cultures, dialects, and environments that varied according to the regions, causing 

questions about the basic color name in Thai. Here we investigated the use of color name from 161 Thai-

native speakers (89 females and 72 males) who live in 4 regions of Thailand; North, Northeast, central, 

and South. We employed 330 Munsell color chips taken from the Munsell Book of Color Glossy Edition: 

320 chromatic chips, Munsell Value ranging from 2 to 9 with 40 equally spaced of Munsell Hue (2.5 R 

to 10 RP, in hue steps of 2.5) at the maximum chroma of each value in each hue, and 10 achromatic chips 

of Value from 1.5 to 9.5. The subjects were asked to name the color chips using monolexemic color term. 

Although there are diversity of cultures and dialects among 4 regions, we found pattern of color names 

used are similar in all regions, also number of color names are not significantly different (F=0.246, 

p=0.864): mean number of color name in all regions are about 19. We also noticed that in all regions the 

subjects used the least number of color names of 12. However, the t-test revealed gender difference that 

reflected the significant difference in color naming. Females use non-basic color term (non-BCTs) more 

significantly than males (t=2.65, p=0.004), mean number of non-BCTs in females is 20 and 17 in males. 

We also found that females use more non-BCTs to identify warm colors than males.   

INTRODUCTION 

 Humans can perceive a wide range of colors, and to communicate about the colors people have 

invented various of color names. The names of colors can be influenced by cognitive processes as well 

as language and gender differences [1], [2], [3]. There is a variety of accents and dialects spoken in 

different regions of Thailand. Beside the interlingua/common Thai language which is mainly used in 

Central region of Thailand and used as the official Thai language, other regions also have their dialects: 

Northern dialect, Southern dialect, Isan dialect (Northeastern dialect), etc. According to the different 

dialect spoken in each region, we questioned whether it would affect the use of color names in different 

regions or not. In addition, we also examined the differences in the use of color names among different 

genders. 

 

METHODOLOGY 

Subjects 

There were 161 Thai native speakers participated in this study, 89 females and 72 males, age ranges 

from 18 to 60 years-old, the average age was 21.95 ± 5.93. The subjects have domiciled in different 

provinces of Thailand, which in this study we divided the provinces into four regions: North (42 subjects), 

Northeast (38 subjects), central (50 subjects), and South (31 subjects) according to cultural 

characteristics. All subjects were tested for their normal color vision by using the Farnsworth Munsell D-
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15 Color Vision Test before starting experiment, only the subject who pass the test could participate the 

experiment. 

 

Color stimuli 

We employed 330 color chips taken from the Munsell Book of Color Glossy Edition which were 

almost the same as was used in the World Color Survey [4]. The color chips composed of 320 chromatic 

chips, Munsell Value ranging from 2 to 9 with 40 equally spaced Munsell Hue (2.5 R to 10 RP, in hue 

steps of 2.5) at the maximum chroma of each value in each hue, and 10 achromatic chips of Value from 

1.5 to 9.5 (see Fig. 1). The color chips have the size of 2 x 2.1 cm, each chip was mounted on a square 

cardboard of the size 7 x 7 cm covered by gray matte paper of approximately N5.  
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. (a) World color survey color space. (b) Attribute of the Munsell color chips, two lowest 

horizontal rows indicated 40 hues with a step of 2.5 start from 2.5R to 10RP. The left most vertical 

column shows Munsell values from 1.5 to 9.5. Number inside the graph shows Munsell chroma of 

each chip. (c) Example of color chips. 
 

Experimental booth 

This study was conducted under control experiment using experimental booth. The booth has the size 

of 150 cm (L) x 180 cm (H) x 60 cm (W) illuminated by 6 fluorescent lamps provided illuminance at 

2,509 lx, correlated color temperature 5,859 Kelvin, color rendering index (RI) was 97. The color samples 

were presented on a gray background surrounded by white walls of the booth. 

Procedure 

Before starting experiment, a subject was asked to fill a questionnaire to give his/her information 

about region, and dialect. After that, each of color chips was presented to a subject one by one with a 

fixed pseudorandom order. The subject was asked to give a color name by using a monolexemic color 

term; the color name without mixed colors (no combination of two or more colors, such as yellow-green) 

or modified colors (no word that specifies the darkness or brightness, such as dark green). However, the 

subject was allowed to use object names if they felt that those are commonly used in their daily life, such 

as coffee or banana, etc. 

 

 

 

(a) 

(b) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

N9.5 A

N9 B 2 2 2 2 2 2 2 2 4 6 6 6 6 4 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2

N8 C 6 6 6 6 6 6 8 14 16 14 12 12 12 10 10 8 8 6 6 6 6 4 4 4 4 4 4 4 6 6 4 4 4 4 6 6 6 6 6 6

N7 D 8 8 10 10 10 14 14 14 12 12 12 12 12 12 10 10 10 8 8 8 8 8 6 6 6 6 6 8 8 8 6 6 6 6 8 8 10 10 8 8

N6 E 12 12 12 14 16 12 12 12 10 10 10 10 10 10 12 12 10 10 10 10 8 8 8 8 8 8 8 10 10 10 8 8 8 8 10 10 10 10 12 12

N5 F 14 14 14 16 14 12 10 10 8 8 8 8 8 8 10 12 12 10 10 10 10 8 8 8 8 8 8 10 12 12 10 10 10 10 10 12 12 12 14 14

N4 G 14 14 14 12 10 8 8 6 6 6 6 6 6 6 8 8 10 10 10 10 8 8 8 8 6 6 8 8 10 10 12 10 10 10 10 10 10 10 10 10

N3 H 10 10 12 10 8 6 6 6 4 4 4 4 4 4 6 6 8 8 8 8 6 6 6 6 6 6 6 8 10 10 12 10 10 10 10 10 10 10 10 10

N2 I 8 8 8 6 4 4 4 2 2 2 2 2 2 2 4 4 4 6 6 6 4 4 4 4 4 4 6 6 6 8 10 8 8 8 6 6 8 8 8 8

N1.5 J

2.5 5 7.5 10 2.5 5 7.5 10 2.5 5 7.5 10 2.5 5 7.5 10 2.5 5 7.5 10 2.5 5 7.5 10 2.5 5 7.5 10 2.5 5 7.5 10 2.5 5 7.5 10 2.5 5 7.5 10

BG B PB P RPR YR Y GY G

(c) 
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RESULTS 

There was no statistically significant difference for the number of color names used per subject among 

four regions (F = 0.246, p = 0.864). The mean number of color names used per subject in North is 19.19, 

Northeast 18.58, Central is 19.50, and South is 19.03. The total number of color names obtained from all 

subjects in North was 72, Northeast was 56, Central was 74, and South was 67 color names. Figure 2 

shows the color categories pattern used by the subjects in each region. We can see the color categories 

patterns in the four regions are very similar. Although there is difference in the shape of the categories, 

the number of color categories and location of those categories are the same.  

Twenty highly frequent color names used by subjects in each region are shown in Figure 3. The 

subjects used similar color names in all four regions, bai-tong ‘banana leaves’ and kram ‘indigo’ found 

in the highly frequent list of color names in North. While seat ‘orange trumpet’ was found in the highly 

frequent list of color names in Northeast, and mint was found in the highly frequent list of color names 

in South. But none in the highly frequent list of other regions. This finding suggested that the subjects in 

the four regions have shared the same color names despite the dialects, cultural, and natural environment 

among the four regions are different.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Color categories pattern for each region plotted on WCS color chart with the 

consistency of response ≥80% in each color chip, obtained from free-naming.  
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Figure 3. Twenty highly frequent color names used by subjects in each of four regions. The red 

rectangles indicated color names which highly frequent use in only that region, but not in other 

regions. 

 

We also examined differences in the use of color names between females and males. There was a 

statistically significant difference in the number of color names used per subject among the two genders, 

which females used slightly more non-BCTs than males (t=2.65, p=0.004), see Figure 4. Total number 

of color names used by female was 89 and used by male was 80. The mean number of color names used 

per female subjects is 20.11 ± 5.45 and 17.88 ± 4.58 for male subjects. Figure 5 illustrated the color 

categories patterns used by females and males with ≥80% consensus of responses, the patterns appear 

quite same for both genders, especially the shape of lueang ‘yellow’ category, and all categories were in 

the same location. 
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Figure 4.  The proportion of use BCTs and non-BCTs in females and males. 

 

 
 

Figure 5.  Color categories pattern for difference gender plotted on WCS color chart with the 

consistency of response ≥80% in each color chip, obtained from free-naming. 

 

 Figure 6 shows twenty color names that are frequently used for males and females, and there were 

similar trends in both genders. Both females and males used quite the same color names, but different in 

order and percent of use. It also reveals gender differences that some color names; old rose and bai-tong 

‘banana leaves’ were frequently used for females but not in the males' frequent color names. Conversely, 

cream, and saet ‘orange trumpet’ were frequently used for males, but not among the females' frequent 

color names. In addition, we also found that females use more non-BCTs to identify warm colors than 

males, whereas males more refine in the use of more non-BCTs in cool colors, this is consistent with the 

finding of Mylonas et al. [1]. The color names in warm colors that were given by females but not by 

males are chi-won ‘yellow robe of Buddhist monk’, klip-bua ‘petal of the lotus blossom’, kha-min 

‘turmeric’, phlai ‘zingiber cassumunar’, ma-miao ‘pomerac’, pun-haeng ‘dry mortar’, cha-nom ‘milk 

tea’, khlon ‘mud’, sa-nim ‘rust’, thian ‘candle’, khrang ‘shellac’, thap-thim ‘ruby’, caramel, chat 

‘crimson’, dok-khun ‘golden shower’, dao-rueang ‘marigold’, and fak-thong ‘pumpkin’. The color names 

in cool colors that were given by males but not by females are tha-han ‘military color’, sa-rai ‘seaweed’, 

turquoise, cantaloupe, khi-pet ‘duck feces’, ton-kluai ‘banana tree’, ton-mai ‘tree’, phrik-yuak ‘bell 

pepper’, taeng-kwa ‘cucumber’, khi-nok ‘bird feces’, and fak ‘winter melon’. 

80.77%

19.23%

Females

BCTs Non-BCTs

82.64%

17.36%

Males

BCTs Non-BCTs
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Figure 6.  Proportion of use BCTs and non-BCTs in females and males. The red rectangles 

indicated color names which highly frequent use in only that gender, but not in another. 
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ABSTRACT 

We use various senses to obtain information from the outside world. It is known that a plurality of senses 

act simultaneously, fusing the information gathered from multiple senses. In this study, we focused on 

the sense of sight and smell. Many studies have investigated the harmony between these two senses using 

colored objects, such as patches. In this study, we considered the relationship between the two using 

lighting colors. Conventional studies have shown that these differences in harmony occur in the 

orbitofrontal area. Thus, we investigated the response of the orbitofrontal area using NIRS. For fragrance, 

20 types of aromas were prepared, and observers were asked to select the aromas that they felt was most 

pleasant and most unpleasant. Cotton wool was then soaked with these two aromas and placed in a light-

shielding brown bottle to be used as a fragrance stimulus. For the lighting environment, we designed six 

types of lighting with different colors of different saturations using a programmable LED device, 

consisting of 14 types of LEDs. In the experiment, the observers wearing NIRS were instructed to sniff 

the stimulus in the light. Upon analysis, more activation was observed in oxyHb during the cross-modal 

condition as compared to that during the single-modal condition. Additionally, the left orbitofrontal area 

was found to be significantly activated compared to the right orbitofrontal area. Furthermore, a greater 

harmony between the lighting color and fragrance was attributed to a smaller orbitofrontal area activity 

cycle.   

 

INTRODUCTION 

In our daily lives, we obtain information from the five senses (sight, hearing, smell, taste, and touch) 

and make action selections. We use multisensory modalities to receive external stimuli and perceive the 

outside world. As such, a comprehensive judgment is made from that information. Therefore, in recent 

years, studies on the five senses, which have been conducted independently in the past, are been 

conducted in the form of multi-sensory research considering the fusion of all or some of the senses called 

the cross-modal or multi-modal condition. 

Previous studies in the cross-modal of sight and smell have used "color" and "fragrance" to suggest 

that their harmony tends to additively enhance the original impression of the fragrance [1-3]. However, 

in these studies, object colors such as color patches have been used for "color,” which is a visual 

stimulation. There have been few spatial verifications using lighting. Furthermore, the color of the target 

object itself was often defined according to the harmony color (strawberry fragrance: red, lemon 

fragrance: yellow), and it is possible that the subjectivity of the observers had a significant influence on 

the results. In recent years, studies that objectively analyze the cross-modal effect from the physiological 
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aspect have increased. Devices that measure brain waves, such as functional magnetic resonance imaging 

(fMRI) and near-infrared spectroscopy (NIRS), have become easier to use, enabling more objective 

verification. In particular, there are wearable devices that incorporate NIRS, which can measure 

oxyheamoglobin (oxyHb) concentration; with these devices it is easier to perform physical experiments 

than with conventional devices, and reproducibility has also been confirmed [4-5]. 

 In this study, we used NIRS to measure the activity of the orbitofrontal area (cortex) and perform a 

physiologically cross-modal analysis of sight and smell, aiming for its application in space design in real 

life. The orbitofrontal area is the ventral surface of the prefrontal cortex of the brain and plays an 

important role in regulating cognitive and social behaviors associated with reward and punishment. In 

this paper, we analyze the cross-modal effect of harmony between color and fragrance in a lighting 

environment, based on the activity of the orbitofrontal area. 

 

EXPERIMENTS 

Smell stimulation 

Essential oils were used for smell stimulation. In this study, we compared the cross-modal effect of the 

lighting color that humans recall when they hear the name of the fragrance, as well as the lighting color 

when they actually smell it. Therefore, the smell stimulation used must be such that the observer can 

easily recall the lighting color simply by hearing the name. Therefore, in these experiments, we used five 

essential oils, vanilla, mint, lime, grapefruit, and cypress, which are familiar to Japanese observers. We 

soaked cotton wool cut into 1 cm squares with the essential oil and placed it in a 20 ml brown light-

shielding bottle to stimulate the sense of smell. At this time, we adjusted the intensity of the fragrance to 

approximately 100 in the odor meter (OMX-SRM, Shinei Technology Co., Ltd.) near the opening of the 

brown light-shielding bottle. 

Visual stimulation 

We used a spectral tunable lighting product (LEDCube, Thouslite) for visual stimulation. In these 

experiments, we referred to the practical color coordinate system (PCCS) when designing the lighting. 

We have 12 types of color names defined by PCCS at regular intervals (A: Poppy Red, B: Vermilion, C: 

Tanjarin, D: Dandelion, E: Fresh Green, F: Emerald Green, G: Peacock Green, H: Cyan, I: Ultra Marine, 

J: Bellflower, K: Mauve, L: Magenta). We calculated the CIE xy values from the RGB values of each 

color and provided them as an input to the LEDCube to reproduce the lighting color. We also considered 

differently saturated lighting for each color to verify a more harmonious cross-modal effect. We set white 

light (x, y) = (0.33, 0.33) as the origin. The lighting colors that each chromaticity coordinate reduced to 

two-thirds is A' to L', and the lighting colors that each color reduced to one-third is A'' to L''. It was 

decided that these 36 types of lighting colors would be used for visual stimulation. We fixed the 

illuminance at 50 lx. The lighting colors of the stimuli on the chromaticity coordinates are shown in Fig. 

1. 

Experiment environment 

The experimental setup is illustrated in Fig. 2. The LEDCube was installed on a gray-walled viewing 

booth. The viewing booth with the LED cube was placed on the table and covered with a blackout curtain. 

The observers sat on a chair and were presented with experimental stimuli. The temperature in the room 

where the experiments were conducted was fixed at 25 °C. 

Selection of smell stimulation and investigation of harmonized lighting colors 

To select which of the five smell stimulations were used in the experiment and which lighting color 

was used to compare the cross-modal effects, we conducted three preliminary surveys for five observers. 

First, we asked the observers to select one of the five types of smell stimulation that they felt was most 
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"pleasant" and one that they felt most was "unpleasant", and decided to use those two in a cross-modal 

experiment as smell stimulation. Next, we investigated the harmony between the fragrance and the 

lighting colors when the observers actually smelled the fragrance. The observers observed 36 types of 

lighting colors while sniffing the fragrance and evaluated the degree of harmony for each lighting color 

on a 10-point scale. This process was performed for each of the "pleasant" and "unpleasant" fragrances 

selected by the observers. Finally, we investigated the closeness between the colors that the observers 

recall from the name of the fragrance and the lighting colors. The observers were presented with 36 types 

of lighting colors for the names of the five essential oils, and they evaluated the closeness between the 

image color recalled from the names of the essential oils and lighting colors on a 10-point scale. The 

following eight lighting colors were used as visual stimuli in the cross-modal experiment: (1) a and b 

were most in harmony with the "pleasant" and "unpleasant" scents, respectively, when the subjects 

actually smelled the scents, (2) c and d were most dissonant with them, (3) a' and b' were most similar to 

the "pleasant" and "unpleasant" image colors recalled from the name of the scent, respectively, and (4) c' 

and d' were the most distant from them. According to these preliminary surveys, the smell and visual 

stimulation used in the cross-modal experiments were different among the five observers. 

                                

                 

 

Experimental method 

These experiments consisted of three types: an experiment in which the smell stimulation was 

presented alone, an experiment in which the visual stimulation was presented alone, and a cross-modal 

experiment in which the smell and visual stimulations were presented simultaneously. In the smell 

stimulation experiments, two patterns of "pleasant" and "unpleasant" smells selected by the observers 

were performed. In the visual stimulation experiment, eight lighting colors described in the previous 

subsection were used. In the cross-modal experiments, we used two lighting colors for each condition: a 

and a' that were harmonious or similar to the pleasant fragrance (condition α), b and b' that were 

harmonious or similar to the unpleasant fragrance (condition β), c and c' that were dissonant or the images 

were separated with a pleasant fragrance (condition γ), and d and d' that were dissonant or the images 

were separated with a unpleasant fragrance (condition θ). These 18 trials were performed in one day. The 

process was performed for 2 days per observer. The observers were five male students aged 21–23 years. 

 For the smell stimulation experiment, observers sat on chairs in the viewing booth and wore a device 

equipped with NIRS technology (HB133, ASTEM). The lighting color in the viewing booth was set to 

white light (0.33, 0.33), to act as the reference light. The observers held a brown light-shielding bottle 

containing the smell stimulation in their hands. Sixty seconds after the start of NIRS measurement, we 

gave a voice signal, and the observers confirmed it and immediately sniffed the smell stimulation for 30 

seconds. The observers waited for 120 s. For the visual stimulation experiments, similar to the smell 

stimulation experiment, the observers wore NIRS and sat in a chair. The lighting was set to the reference 

light. At 60 s after the NIRS measurement started, we changed the lighting of the viewing booth from the 

Figure 2.  Experiment environment Figure 1.  XY chromaticity distribution 

of lighting colors 
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reference light to a lighting color that was the visual stimulation. Thirty seconds after the presentation of 

the visual stimulation, we returned the lighting to the reference light and asked the observers to wait 120 

seconds. For the cross-modal experiments, similar to the smell stimulation experiment, the observers 

wore NIRS and sat in a chair, and the lighting was set to a reference light. The observers then had smell 

stimulation in their hands in advance. Sixty seconds after the start of NIRS measurement, we changed the 

lighting of the viewing booth from the reference light to the lighting color, which was the visual 

stimulation. After confirming this, the observers immediately sniffed the smell stimulation for 30 s. Thirty 

seconds after the lighting was changed, we returned the lighting to the reference light again, and the 

observers finished sniffing the smell stimulation and waited for 120 seconds.  

 

RESULTS 

We calculated the average oxyHb of the two-day experiments with five observers and analyzed the 

results. The difference between the peak value until the end of the measurement in NIRS and immediately 

before the presentation of the stimulation was defined as the amount of change in oxyHb. Figure 3 shows 

the calculated values for each stimulation experiment. Comparing each stimulation experiment, it was 

found that the amount of change in oxyHb in the smell stimulation experiment was the largest. There was 

not much difference between the visual stimulation experiment and the cross-modal experiment. It was 

also found that there was a difference in the amount of change in oxyHb between channels. The NIRS 

used in these experiments was able to measure the orbitofrontal area on the two channels. Ch1 and Ch2 

indicate the left and right sides, respectively. Comparing the amount of change in oxyHb between the 

channels, it was found that the left orbitofrontal area changed significantly in all stimulation experiments. 

 

Figure 3. Amount of change in oxyHb for each experiment 

Figure 4 shows the amount of change in oxyHb for each condition in the cross-modal experiments. 

Figure 4(a) shows the difference between the peak value until the end of the NIRS measurement and 

immediately before the presentation of the stimulation, and Fig. 4(b) shows the difference between the 

peak value at 30 s during the presentation of the stimulation and immediately before the presentation of 

the stimulation. At the time of the preliminary survey, the lighting colors that the observers actually 

sniffed and judged to be in harmony or dissonance is expressed as "Sense.” The lighting colors that the 

observers judged to be the closest to or far from the image color recalled from the name of the fragrance 

is expressed as "Image.” From the results, it was found that the amount of change in sense is larger than 

that in the image under most conditions. Furthermore, it was found that the difference between sense and 

image was more remarkable in Fig. 4(b) than in Fig. 4(a). From this, it can be said that greater the harmony 

between the fragrance and the lighting colors, faster is the response speed of the observers in the 

orbitofrontal area. 
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(a) Peak value until the end of the measurement (b) Peak value during stimulus presentation 

Figure 4. Amount of change in oxyHb in cross-modal experiment 

 

DISCUSSION 

Number of stimulation and orbital prefrontal cortex reaction 

The smell stimulation activated the orbitofrontal area of the observers more than visual stimulation and 

the cross modal. It is probable that the orbitofrontal area was activated more because the observers 

carefully sniffed the essential oils that they were not accustomed to sniffing in the white light, which was 

set as the reference light. We have previously conducted experiments in which observers were made to 

wear eye masks and presented with smell stimulation and compared the results with that of complete 

obstruction of visual information and cross-modal experiments. At that time, the amount of change in 

oxyHb was larger in the cross-modal experiment. This is consistent with previous studies showing that 

the higher the number of stimulations taken by the observers, the more active the orbitofrontal area [3]. 

Left–right difference in orbital prefrontal cortex activation 

The left side of the orbitofrontal area was more activated than the right side in all the experiments. 

However, in previous studies that analyzed the response of the orbitofrontal area to smell stimulation, 

opinions were divided based on laterality [2, 6, 7]. Conversely, studies analyzing four brain regions that 

were the neural basis of "love" [8] showed that the left side of the orbitofrontal area correlates with 

positive emotions and the right side with negative emotions. As the smell stimulations used in these 

experiments were essential oils that produce relaxing effects, it is possible that positive emotions were 

promoted, and the left side of the orbitofrontal area was more activated. 

Effect of harmony between scent and lighting color 

The cross-modal (sense) with the lighting colors selected by the observers by sniffing the fragrance 

activates the orbitofrontal area more than the cross-modal (image) with the lighting colors selected by the 

observers while recalling the name of the fragrance. In other words, it can be seen that the cross-modal 

combination that the observers felt was in harmony with the senses was more pleasant than preconceptual 

combinations. Previous studies have confirmed that greater the degree of harmony between fragrance and 

color stimulation, such as color patches, the more active the part of the brain, including the orbitofrontal 

area [2, 3]. This tendency is also obtained with lighting color, which is the visual stimulation of this study, 

and suggests that it can be applied to space design in real life. Conversely, as Sense is more active even 

under dissonant conditions, it can be said that the orbitofrontal area is activated even when it is more 

dissonant. Furthermore, it was found that greater the degree of harmony, faster is the reaction speed of 

the orbitofrontal area. Studies have mentioned the effects of harmony between fragrance and color on 

human task processing speed [1]. It can be said that this study was able to verify the relationship between 
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the degree of harmony and human reaction speed from the viewpoint of brain waves, which is a 

physiological aspect. 

 

CONCLUSIONS 

In this study, we analyzed the cross-modal effect of the harmony of color and fragrance in a lighting 

environment based on the activity of the orbitofrontal area. As a result of simultaneously presenting two 

types of fragrances and eight types of lighting colors selected by our preliminary surveys, we concluded 

that the left orbitofrontal area was significantly activated compared to the right orbitofrontal area. 

Furthermore, there was a tendency for greater harmony between the fragrance and the lighting color. The 

more active the activity of the orbitofrontal area, faster is the response speed to the stimulation. 

In our experiments, the observers were asked to sniff from a brown light-shielding bottle as the smell 

stimulation. In order to verify the results in real life, it is a future task to expand the scale of the 

experiment, fill the entire room with a fragrance, and conduct the experiment in an indoor space. 
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ABSTRACT 

Nowadays online food delivery is very popular. One of the factors that help consumers make decisions 

to buy food is pictures. Food photography is important to catch customers' attention that they desire to 

order more because it looks appetizing. Food photographs also could increase sales volume. However, 

the photographs could be affected by various factors for instance photography equipment, the color of 

lighting, art composition, and so on. These factors were found to influence attractiveness in food 

photography. A direction of light is one of the photography procedures lighting setups. It would be 

interesting to investigate how the direction of light affects consumers’ attractiveness. This study, hence, 

aimed to investigate a relationship between the direction of light setting and the attractiveness of food 

photography. Thai dessert was selected for taking a photograph with different directions of lighting, 

consisting of a combination of four vertical elevation angles (0°, 30°, 60°, and 90°) and twelve horizontal 

side angles of dessert dish from 0 to 330 degrees. Fifty-two participants were asked to judge their feelings 

on thirty-seven pictures by using an attractiveness scale. Results showed the higher a vertical elevation 

angle, the higher an attractiveness score with a significant difference at 0.001, whereas it was not found 

in a horizontal side angle. This experimental result will be used as a practical tool for the lighting setup, 

especially for dessert photography. 

 

INTRODUCTION 

Nowadays, a sharing of photography through social media, websites, and blogs becomes very popular, 

in particularly a food photograph [1,2]. A variety of food photographs published on cooking or restaurant 

website aims at to catch a customer’s attention and to be appetite [3]. Many factors have an influence 

over customer’s attention for instance an expensive ingredient, food decoration, and food composition 

[4]. In addition, photography techniques such as lighting setup, special effect, and camera angle are also 

arouse our taste sensation [5]. Food photographs, hence, are published on social media, websites, and 

other media for increasing a sale volume [6].  

 In a previous study, Kazuma et. al. [3] proposed an attractiveness prediction model for food 

photographs by using a machine learning system. A camera angle, an appearance of the entire food, and 

the appearance of the main ingredients are variables in the model. Furthermore, they also found that food 

photo attractiveness on customers could be affected by a lighting technique. A lighting setup not only is 

concerned with color temperature, but also lighting direction. Illuminants for lighting setup consist of a 

main light and a fill light. The main light is a primary illuminant that uses for exposing light to objects. 

It’s located at an angle of 45° to the object. The fill light located at the opposite angle to the main light. 

To reduce shadows that are created from the main light and the fill light illuminance is always weaker 

than the key light [7]. Moreover, the direction of main light affects to direction and intensity of object’s 

shadow.  When the main light changes direction and intensity, a shadow of object could be changed. This 

change might affect customer’s attention. This study, therefore, aimed to investigate a relationship 

between a lighting direction and an attractiveness of food photography. 
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METHODOLOGY 

Participants 

Fifty-two subjects with age ranging from 21 to 31 years (23 men and 29 women) participated in this 

experiment. All subjects were a normal or corrected to normal vision and passed a Ishihara’s color 

blindness test vision. 

Stimuli  

Photographs of Thai dessert fruit-shaped mung bean, namely Luk Chup, were taken as a stimulus 

(figure 1). The intensity of illuminants was fixed at 11000 lux for main light and 5500 lux for fill light. 

Figure 2 (a) and (b) showed the position of a main light with moving a vertical elevation angle from 0 

(●), 30° (■), 60° (⯁) to 90° (⚪) and a horizontal side angle of the dish from 0°, 30°, 60°, 90°, 120°, 150°, 

180°, 210°, 240°, 270°, 300° to 330°. The fill light and camera were fixed at 45° of a vertical elevation 

angle (▲) and 0° of a horizontal side angle. Thirty-seven photographs were obtained from a combination 

of a vertical elevation angle and a horizontal side angle.  

 

 

Figure 1. Thai dessert fruit-shaped mung bean “Luk Chup” 

 

Figure 2. (a) A position of a vertical elevation angle from 0° (●), 30° (■), 60° (⯁) to 90° (⚪) and (b) a position 

of a horizontal side angle from 0°, 30°, 60°, 90°, 120°, 150°, 180°, 210°, 240°, 270°, 300° to 330°. 

Procedure 

This study was conducted on an online questionnaire. The first part of the questionnaire was general 

information and opinions in deciding to order food. All participants were asked to rate their current 

hunger/fullness status on five point of Likert scales (1 = extremely hunger to 5 = extremely full) and they 

were asked to rate liking of Thai fruit-shaped mung dessert on two Likert scales which are like and dislike. 

We asked them about “Do you think food photos are important in deciding to order food?” on five-point 

of Likert scales (1 = strongly agree to 5 = strongly disagree) and we also asked subjects which factor they 
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consider first when deciding to order online food delivery by using choice that we prepare choice to them 

(i.e. price, food photo, promotion, review and brands). 

In experiment, 37 photographs were randomly presented. Each participant was asked to rate their 

feeling in an attractiveness scale for given photography. The attractiveness scale was ranged from 

1(extremely unattractiveness) to 6(extremely).  

RESULT 

All participants had reported common information on hunger/fullness that they were not hungry (mean 

= 2.67, SD.=1.043) and most of the participants liked Thai fruit-shaped mung desserts, Participants were 

strongly agreed with the question of would you think a photograph is important in deciding to order food 

(mean =4.40, SD.= 0.634). In a question of the factor that their considered to order food, the first-three 

factors were a photograph, prices, and promotion in  respectively.  

 

Figure 3. The difference of attractiveness 

score in each vertical elevation angles of 0°-

90° classified by horizontal side angles of 0° - 

330° of food photography. 

 

Figure 4. Comparison of mean attractiveness 

scores of food photos on vertical elevation 

angles. 

 

Influences of lighting direction on horizontal side angles  

Data of attractiveness score obtained from all participants were performed by means of SPSS 25.0 for 

Window. Figure 3 demonstrated a mean of attractiveness scores for dessert photography in a difference 

of horizontal side angles. An abscissa axis represented a horizontal side angle from 0° to 330O, whereas 

a vertical axis represented the mean of attractiveness score. In addition, vertical elevation angle 0 O (▲), 

30° (■) and 60°(●) displayed a set of mean of attractiveness scores on different horizontal side angles, 

respectively. Moreover, the mean score of the photograph was taken on vertical 90° displayed by opened 

circle (⭕). 

Results showed that dessert photography with vertical elevation angle 0° (▲) had the highest mean 

attractiveness score at horizontal side angles 180° (Mean =3.96, SD.= 1.441), and photograph with the 

lowest mean attractiveness was horizontal side angles of 300° (Mean = 3.38, SD.= 1.457). For vertical 

elevation angles of 30° (■), the dessert photograph with the highest mean attractiveness score was 

horizontal side angles 60° (Mean = 4.50, SD.=1.163), and the lowest mean attractiveness was found in a 

horizontal side angle of 300° (Mean = 3.69, SD.= 1.528). In a 60° degree (●) vertical elevation angle, the 
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dessert photograph with the highest mean attractiveness score was horizontal side angle 150° with the 

mean 4.88 (SD.= 1.114). A dessert photograph with the lowest attractiveness averages was horizontal 

side angle of 300°, with mean 4.40 (SD.= 1.225). 

In addition, the participants assessed their attractiveness to dessert photographs taken on the vertical 

angle of 90° (⭕) with mean = 3.87 (SD.=1.519). However, when compared the results of horizontal side 

angles to a difference of vertical elevation angles, the result was not clear. In addition, a significant 

difference was tested with One-Way ANOVA. Table 1 showed the mean attractiveness of dessert 

photograph in horizontal side angles was not statistically significant difference at p - value 0.05.  

 

Table 1. One-way ANOVA analysis on mean attractiveness in each a vertical elevation angle and 

a horizontal side angle. 

 Sum of squares df F Sig. 

Vertical 0, Horizontal 0 -330 
Between Group 20.63 11 

0.825 0.615 
Within Group 1391.86 612 

Vertical 30, Horizontal 0 -330 
Between Group 29.23 11 

1.482 0.134 
Within Group 1097.63 612 

Vertical 60, Horizontal 0 -330 
Between Group 11.65 11 

0.812 0.628 
Within Group 798.65 612 

 

Influences of lighting direction on vertical elevation angles  

Figure 4  showed the mean attractiveness score of dessert photograph in each horizontal side angle 

from 0° to 330° classified by a vertical elevation angle 0°, 30° and 60°, where vertical axis represented 

the mean of attractiveness score and an abscissa axis represented the vertical elevation angle from 0°, 30° 

to 60°.  For mean value of photograph with vertical elevation angles 90° was shown by a opened circle 

(⭕).  

Results showed when the vertical elevation angles increase, the mean attractiveness of food 

photographs increased. For example, dessert taken under lighting at horizontal side angle 150° with 

vertical elevation angles 0°, 30° and 60° had mean attractiveness score 3.42 (SD.=1.649), 4.17 

(SD.=1.324) and 4.88 (SD.=1.114), respectively. This result occurred in all horizontal side angle except 

210° (⚹), the mean attractiveness decreased when the vertical elevation angle increased. 

Furthermore, dessert photographs at horizontal side angle 60° (●) in vertical of 0°, 30° and 60° had 

mean attractiveness 3.46 (SD.=1.488), 4.50 (SD.=1.163), and 4.54 (SD.=1.111), respectively. It was 

found that when vertical elevation increased from 30° to 60°, the mean score was stable and then a bit 

increased. With the mean attractiveness increasing trend, vertical affects the attractiveness of dessert 

photography. Therefore, we tested with one-way ANOVA to find significance.   

 

Table 2. One-way ANOVA of mean attractiveness score of dessert photograph in each horizontal 

side angles on vertical elevation angle of 0°, 30°, 60° and 90° 

Food photo on horizontal angles of dish and vertical angles  

 H0 H30 H60 H90 H120 H150 H180 H210 H240 H270 H300 H330 

df 

BG: 3 3 3 3 3 3 3 3 3 3 3 3 

WG: 204 204 204 204 204 204 204 204 204 204 204 204 

SS 

BG: 34.42 21.38 42.36 13.03 26.01 58.94 26.72 21.24 27.86 23.53 27.96 29.73 

WG: 353.88 388.53 364.90 401.73 387.25 411.50 365.26 415.36 443.01 426.38 380.80 390.19 

F 6.61 3.74 7.89 2.20 4.56 9.74 4.973 3.47 4.27 3.75 4.99 5.18 

P .000** .012* .000** 0.88 .004* .000** .002* .017* .006* .012* .002* .002* 

Notes: * p<0.05, **p<0.001, H: Horizontal side angle, BG: Between Group - WG: Within Group 
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As shown in Table 2, the results of One-Way ANOVA of mean attractiveness in dessert photograph 

in each horizontal side angle on a vertical elevation angle of 0°, 30°, 60° and 90°. There was a statistically 

significant difference between vertical elevation angle and horizontal side angle with mean attractiveness 

score at p<0.001 (F = 52.73, p = .000).  

It was found that the dessert photograph taken under vertical 60° of lighting could have the greatest 

impact on the attractiveness of dessert photography. The result indicated that increasing the height of 

vertical elevation angles of lighting tends to increase the attractiveness. This tendency was occurred in 

all condition. However, the mean of attractiveness was not significantly different at horizontal angles of 

90° (□) and all vertical angles (F = 2.21, p = 0.88).  

 

DISCUSSION 

Influences of lighting direction on vertical elevation angles of food dish on attractiveness 

Our finding showed that increased vertical elevation angles from 0° to 60°. This leaded to an increased 

sense of attractiveness on dessert photography as well.  The dessert photographs (b) Vertical 0°- 

Horizontal 0°, (c) Vertical 30°- Horizontal 0° compared with the (d) Vertical 60° - Horizontal 0° degrees. 

We found that the intensity of shadows in the dessert on the dish can be clearly reduced. The higher of a 

vertical elevation angle may provide a high illuminance level to convey a bright photograph. This result 

implied that the level of shadow intensity could reduce the feeling of attractiveness on customers. 

 

Figure 5. An example of a comparison of vertical angle food photos in shadow areas (a) V90°, (b) 

V0°-H0°, (c) V30°-H0°, (d) V60°-H0°, (e) V0-H180°, (f) V30°- H180° and (g) V60°-H180° 

 

Lighting horizontal side of dish not affected on attractiveness of food 

Lighting direction of horizontal side angles does not affect to the attractiveness of dessert photography. 

Kazuma et al. studied of estimation of the attractiveness of food photography based on image features 

[3]. They suggested that a camera angle was an important factor in enhancing attractiveness. In addition, 

their research also was found that the type of the food including the shape and position of the appearance 

of main ingredient in that dish could increase the level of attractiveness. In this study, the dessert was 

used as the stimulus. It does not contain the main ingredient and no exact direction. Therefore, the changes 

in the type of dessert or food stimuli to other categories of foods, the horizontal side of angles might be 

affecting to attractiveness on consumers. It implies that a changing type of foods would be required to 

understand the direction of lighting on horizontal angle change attractiveness in future experiments. 

We concluded that the direction of lighting on vertical elevation angles can modulate the attractiveness 

of dessert photography. whereas horizontal angle did not statistically significant difference in 

attractiveness. 
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ABSTRACT 

Face color is known to affect the perception of facial expressions. For example, Nakajima et al. showed 

that reddish and bluish faces enhance the perception of anger and sadness, respectively. However, the 

effect of facial color on the perception of facial expressions in the range of natural skin color changes has 

not been verified. In the previous study, we showed that skin color change in the direction of melanin-

hemoglobin increase or decrease affects the perception of negative facial expressions such as anger and 

sadness. However, we did not examine the effect of facial color on the perception of positive facial 

expressions in the range of natural skin color change. Here, we investigate the effect of skin color change 

due to the increase or decrease of melanin and hemoglobin on the perception of positive facial 

expressions, such as happiness. We prepared five different skin color conditions. The average skin color 

of Japanese females was used as the skin color of the standard condition, and the skin color of the other 

four conditions were modulated to either of hemoglobin or melanin decrease/increase direction (H-, H+, 

M-, M+). We created a series of male or female face images which shifted from neutral expression to 

happy expression in 11 steps each for each face color. We used the method of constant stimuli for the 

facial expression evaluation. Participants judged whether a face stimulus appeared to be "happy" or "not 

happy." The results showed that the H- and M- conditions promoted the perception of happiness. This 

result was different from that for anger, but partially consistent with that for sadness. It was suggested 

that skin color change affected the perception of positive as well as negative facial expressions. The 

combination of facial expression and facial color would affect expression recognition. 

 

INTRODUCTION 

Facial expression is a major cue for predicting and understanding the physiological and psychological 

states of others and their emotions [1]. Facial color is also important information for facilitating human 

relationships by influencing our assessment of others' health and attractiveness [2, 3]. Experiments 

examining the effect of facial color on facial expression recognition showed that reddish faces enhanced 

the recognition of anger [4, 5, 6]. However, these studies only performed color modulation in the CIELAB 

a* direction and did not examine the effect of facial color on facial expression recognition in 

physiological skin color changes. Physiological responses such as heart rate and blood pressure affect 

facial color, and mental and physical states are reflected in physiological responses [7]. Therefore, skin 

color is tied to emotional states, and we may use skin color to recognize facial expressions. It is critical 

to examine how skin color changes that may occur in daily life affect facial expression recognition. The 

purpose of this study is to investigate the effect of facial color with increase/decrease modulation of 

melanin and hemoglobin on both negative and positive facial expression recognition. 

Hamada et al. used Monte Carlo simulations of a nine-layer skin model to accurately reproduce the 

spectral reflectance when the pigment components of melanin and hemoglobin change [8, 9]. These 

studies allow us to simulate physiological changes in human skin by modulating skin color in the direction 
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of increases and decreases in melanin and hemoglobin. In this study, we conducted an experiment on 

facial expression recognition using face images with skin colors that reproduced changes in the pigment 

components of melanin and hemoglobin. We examined the facial expressions of "happiness" and 

analyzed the results in comparison with those of "anger" and "sadness" in the previous study [10]. We 

then compared the threshold of judgment for each expression among each skin color to verify whether 

the difference in face color makes a difference in expression recognition. 

 

METHOD 

Environment 

The experiment was conducted in a dark room. The stimuli were displayed on a color-calibrated LCD 

monitor (EIZO Corporation, ColorEdge CG247) with a maximum luminance of 107 cd/m2 and a white 

point of D65. A participant's head was fixed on a chin rest to maintain a viewing distance of 60 cm, and 

responses were made using a response keyboard. The program for the experiment was written in the 

Matlab environment (R2018b, The Mathworks, Inc.) using Psychtoolbox-extensions [11, 12, 13]. 

Observers 

Nine participants (ages 21-26) were enrolled in the experiment of the happy face condition, The 

participants had a normal color vision, and visual acuity was normal or corrected to normal. 

Stimuli 

The face stimulus was displayed with a visual angle of 17.0° × 13.0° in the center of a neutral gray 

background. We used face images in the ATR Facial Expression Image Database (DB99) (ATR-

Promotions, Kyoto, http://www.atr-p.com/face-db.html). We created the average faces of six male 

Japanese images for neutral and happy expressions by using morphing software. We made the average 

faces of four female images, too. The neck, ears, and hairline of the face images were cropped to extract 

only the face. In addition, to modulate the skin color area only, an adjustment mask was created to extract 

skin color regions other than the eyes, mouth, and eyebrows. An example of the morph continuum is 

shown in Figure 1 ("Anger" and "Sadness" are adopted from the previous study for comparison [10]). 

Five face color conditions were prepared for each expression (Figure 1D). The standard face color was 

adjusted to L* = 65.598, a* = 8.9832, and b* = 17.788 using the spectral reflectance data of 694 Japanese 

women (aged 20-78 years) measured under D65 [14]. We prepared skin color conditions with different 

hemoglobin and melanin concentration calculated from the absorption coefficient of the skin layer by 

Monte Carlo simulation. We chose the absorption coefficient to equate the distance from the average 

color in -/+ directions: 0.1 (H-) and 1.9 (H+) for hemoglobin absorption coefficient, 0.7 (M-) and 1.3 

(M+) for melanin absorption coefficient as shown in Table1. The color of each pixel in the face area was 

shifted the same distance as the shift of average color while keeping the color distribution of the face the 

same. For happiness conditions, we morphed between neutral and happy expressions in 10 steps, creating 

11-levels of angry rate: 20, 27, 34, 41, 48, 55, 62, 69, 76, 83, and 90% under each face color condition. 

Therefore, 110 stimuli (male and female faces, 5 skin color types, 11 levels of expression rate) are used 

in total.  
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Table 1. Absorption coefficient and chromaticity data of five different face color conditions 

 
Hemoglobin 

absorption 

coefficient 

Melanin 

absorption 

coefficient 

L* a* b* ∆E*ab 

Standard 1.0 1.0 65.598 8.9832 17.788 - 

H- 0.1 1.0 68.941 5.4766 17.985 4.849 

H+ 1.9 1.0 63.243 11.626 16.788 3.678 

M- 1.0 0.7 69.595 8.2815 15.670 4.578 

M+ 1.0 1.3 62.117 9.6145 19.172 3.799 

 

 

Figure 1. Eleven-levels of expression rate for Happiness (A), Anger (B), and Sadness (C),  

and five face color conditions for each expression (D) 

 

Procedure 

We measured the matching point between neutral and three facial expressions (the point of subjective 

equality, PSE) using the constant method of stimuli. Following dark adaptation, light adaptation, and 

background adaptation for 30 seconds each, the fixation point was presented for 5000 ms. Then, the first 

facial stimulus was presented for 1000 ms. Participants judged the facial expression of the stimulus using 

a keyboard while the fixation point was presented. The participants answered whether the face appeared 

as "happy" or "not happy" for each condition by a two-alternative forced choice. When the response was 

complete, the next facial stimulus was presented 1000 ms later. All stimuli were presented in a random 

order, and each session consisted of five consecutive trials. Each participant conducted three sessions. 
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Analysis 

The probability of happiness response to each facial stimulus was calculated for each participant. The 

probability of each participant was fitted by a psychometric function using a generalized linear model 

with a binomial distribution in Matlab. From the psychometric function, we calculated the point of 

subjective equality (PSE), at which the probability of responding as happy is 50%. Repeated measures 

ANOVA (analysis of variance) was used to explore possible contributions of skin color conditions on the 

PSEs. For post-hoc pairwise comparisons, Ryan's method was used. 

 

RESULT 

Happiness condition 

We calculated the PSEs of happiness perception in each skin color condition. Figure 2 shows the 

average PSE of each skin color modulation relative to the PSE of standard skin color, including both male 

and female stimuli. There are individual differences in criteria on how angry the face is. Therefore, we 

normalized the PSE of each skin color modulation condition by the PSE of standard skin color for each 

observer to eliminate the effect of the individual difference. Thus, M- and H- with the normalized PSE 

under one show enhanced perception of happiness, whereas M+ and H+ with the normalized PSE over 

one show suppressed perception of happiness (Fig. 2A).  We conducted A two-way ANOVA with 

repeated measures for the gender of the facial stimuli (male and female) and normalized four skin color 

conditions. The results showed a significant main effect for the skin color condition (F(3, 5) = 16.488, p 

< 0.001). There was no significant main effect of stimulus gender and the interaction between skin color 

and stimulus gender.  

Anger and Sadness condition (from the previous study) 

As in the happiness conditions, we normalized the PSE of each skin color modulation condition by 

the PSE of standard skin color for each observer (Fig. 2B). M+ and H+ with the normalized PSE show 

enhanced perception of anger, whereas M- and H- with the normalized PSE show suppressed perception 

of anger. We conducted A two-way ANOVA with repeated measures for the gender of the facial stimuli 

(male and female) and normalized four skin color conditions. The results showed a significant main effect 

for the skin color condition (F(3, 13) = 9.511, p < 0.001). There was no significant main effect of stimulus 

gender. However, the interaction between skin color and stimulus gender was significant (F(3, 13) = 

5.984, p < 0.0015). 

In the sadness conditions, we also normalized the PSE of each skin color modulation condition by the 

PSE of standard skin color for each observer (Fig. 2C). We conducted A two-way ANOVA with repeated 

measures for the gender of the facial stimuli (male and female) and normalized four skin color conditions. 

The results showed no significant main effect for the skin color condition (F(3,9) = 3.067, p = 0.0401). 

Post-hoc pairwise comparisons showed no significant pairs of differences between skin colors, and a 

significant difference was obtained in the interaction (F(3,9) = 3.084, p < 0.0394).  Therefore, we 

conducted a one-factor analysis of variance on the results of the male and female facial stimuli. For male 

facial stimuli, the main effect of quantified skin color was significant (F(3, 9) = 3.949, p < 0.05). For 

female facial stimuli, the quantified main effect of skin color was not significant (F(3, 9) = 0.967, p = 

0.419). These results suggest that H- and M- faces were judged to be sadder only in the male face stimuli 

used in the experiment. 
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Figure 2. PSE of each skin color on each condition normalized by each PSE of standard face 

 

DISCUSSION 

In this study, skin color change with increased hemoglobin or melanin was associated with an 

enhanced perception of anger. And skin color change with decreased hemoglobin or melanin was 

associated with enhanced perception of happiness and sadness. The results that reddish faces facilitated 

the recognition of anger were consistent with the previous studies. Faces with relatively brighter skin 

colors have been shown to be more attractive [15, 16, 17], and attractive faces are more likely to be 

perceived as happy [18]. Therefore, it is conceivable that many light skin colors may promote a positive 

impression. Compared to the standard skin color, the skin with increased hemoglobin or melanin is less 

bright, and that with decreased hemoglobin or melanin is brighter (Table 1). In our result, anger 

perception was suppressed, and happiness perception was promoted in the light skin color condition. The 

opposite trend was shown in the darker skin color condition. These suggest that lighter skin colors gave 

a more positive impression, enhanced the perception of happiness, and suppressed the negative 

impression of anger. However, lighter skin colors may also promote a slightly negative impression of 

sadness in male stimuli. It was reported that an unattractive face with a positive expression was judged 

more attractive than an attractive face with a neutral expression [18]. Therefore, facial expression may 

take precedence in facial expression recognition even if the skin color gives cues of a positive and an 

attractive impression. It would not be possible to predict the effect on all facial expression recognition 

solely from facial color. The combination of facial expressions and facial colors would influence facial 

expression recognition. 
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ABSTRACT 

Pill image classification has been widely used in commercial applications. In this paper, we propose a 

deep learning for pill image classification. The proposed pill dataset into separate training and testing 

sets. We find that neural networks need significantly less training data to obtain the state-of-the-art 

performance than previously proposed methods. This method is based on a residual neural network for 

pill image classification. The results show that the proposed classification model yields an accuracy of 

97.27% in classification performance.  

INTRODUCTION 

Image identification and life-saving medical improvements are all powered by recent advances in 

artificial intelligence (AI). Machine learning, particularly reinforcement learning, scientists and medical 

personnel in analyzing medical data in order to better treat diseases. Deep learning improves clinicians' 

capacity to estimated medical images, and AI advances personalized medicine's future. 

Nowadays, there are a lot of elderly recipients who take medicine every day. The recognition of pill 

is a difficult task for low vision elderly based on information from imprint. The elderly can avoid 

mistaking pills and keep a safe medication. These recognition tools [1, 2] require elderly to classify pills 

images using shape, color and imprint.  

In this study, we proposed and developed a computer vision technique based on convolutional neural 

networks [3, 4, 7]. In addition to shape features of pill images. We compare our proposed and 

convolutional neural networks (CNNs) architectures: VGG16 [5], VGG19 [5], InceptionV3 [6], Resnet 

50 [7], Densenet [8], Xception [9], and MobileNet [10]  

 

METHODS 

In this study, we proposed convolutional neural networks based on the ResNet model. As shown in Fig 

1., The stacked layers perform a residual mapping by creating shortcut connections which perform 

identity mapping (x). Their outputs were added to the output of the stacked layers’ residual function F(x). 

The residual learning structure composed of several layers in a network as in Eq. (1). 

 

(1) 
 

when ℎ(𝑥𝑙) is the identity mapping, 𝐹 is the residual function,  𝑥𝑙  is the input, and  𝑊𝑙  is the weight 

coefficient. The identity mapping can be written as .  is ReLU of the activation layer. 
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Figure 1. Residual learning: a building block 

We used the publicly available NLM dataset [11] consisting of 1,000 reference pill images were used 

to train model and 2,000 consumer-grade pill images were used to test the performance our model. As 

show in Fig 2., we performed training on eight classes that had different pills’ shapes of classes and 

images: Three-sided (3 sided), Four-sided (4 sided), Five-sided (5 sided), Six-sided (6 sided), Capsule, 

Oval, Round, and Other.  

The training dataset is divided into two out of which the first one contains 90% training images 10% 

of images are used for validation and testing dataset. The images are resized to 224 × 224 × 3 (224 pixels 

by 224 pixels by 3 channels) before they are applied to various networks. Then we perform data 

augmentations including random rotation, random cropping and random horizontal flipping were used on 

the training, validation and testing dataset. We normalize all the image pixel values to between [-1,1] for 

training dataset.  

    

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

    

(e) (f) (g) (h) 

Figure 2. Example images of eight classes; (a) Three-sided. (b) Four-sided.  

(c) Five-sided. (d) Six-sided. (e) Capsule (f) Oval. (g) Round. (h) Other.  

The classification model is implemented by Python on Google Colab Pro with NVDIA Teala P100. 

We train the model with a batch size 32 using Adam with learning rate of 0.0001 without weight decay 

or dropout. The accuracy of the model has not been improved when the number of epochs exceeds 10. 

We use the trained models to classify the test images and calculate the overall classification accuracy. 

The classification accuracy is the ability to predict correctly and guess the value of predicted attribute for 

new data. The accuracy is calculated as in Eq. (2), It is defined as the ratio of sum of true positives (TP) 

and true negatives (TN) to the total number of trials. 
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 (2) 

where TP and TN are outcomes produced when the model correctly classifies the positive class and the 

negative class, respectively. While FP and FN are outcomes produced when the model incorrectly 

classifies the positive class and the negative class, respectively. 

 

RESULTS 

We evaluate the classification performance using the eight trained models and summarize our results 

in Table 1. The proposed has better performance as it achieved an accuracy of 97.27% and loss of 0.0650 

on validation data. We compare our proposed and convolutional neural networks architectures: VGG16, 

VGG19, InceptionV3, Resnet 50, Densenet, Xception, and MobileNet. Figure 3 show accuracy and loss 

performance for the proposed model.  

  

Figure 3. Accuracy and Loss of the proposed model. 

 

Table 1. The compare between proposed and some other models.  

Models Accuracy (%) 

Our proposed 97.27 

VGG16 90.90 

VGG19 87.44 

InceptionV3 90.14 

Resnet 50 89.65 

DenseNet 90.53 

Xception 90.07 

MobileNet 90.87 

 

CONCLUSIONS 

We presented a study pill classification based on residual networks. The residual networks are several 

times faster to train. Pill classification allows pharmacist to verify the pill before dispensing them and 

allows the elderly patient to verify it before taking it. The pill shape analysis can be used in the 

Pharmaceutical Industry for classification and crack detection. In the future, it will be important to extend 
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the usability of the application to the general population, and to update the database to increase its 

accuracy.  
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ABSTRACT 

Sleep is an essential part of peoples’ daily lives. Thanks to electric lighting being commonplace, most 

people adjust the room lighting before sleeping. Numerous studies have shown that light affects alertness 

and work efficiency; however the effects of exposure to light when the eyes are closed, such as during 

sleep, is still unclear. Therefore, in this study we examined the effect of lighting on 

Electroencephalograms (EEG) in the setting of a person closing their eyes and falling asleep. 

The experiment was conducted in a dark room using red, green, and blue light and three types of 

illuminance per color: 1 lx, 10 lx, and 100 lx. Using these factors, 10 condition patterns were prepared, 

including the “Dark” condition. Four men and one woman in their twenties were selected to participate 

in this experiment. EEGs in each subject were obtained at each of four different times. The first EEG was 

obtained in an environment of 300 lx of white light (reference EEG) the second in a dark room under the 

experimental lighting conditions (EEG before adaptation); and the third after adaptation to the same 

lighting environment as the second, but after acclimatizing to the experimental conditions for 10 minutes 

(EEG after adaptation). Each subject was then asked to close their eyes; after the eyes had been closed 

for 5 minutes, a fourth EEG was obtained (eyes-closed EEG). Brain wave activity was compared among 

the four different timing. 

The rate of change in spectral content in each frequency band fluctuated among the EEGs obtained under 

the different conditions. Moreover, it was clarified that the rate of change of α waves due to illuminance 

differed depending on the light color.  

 

INTRODUCTION 

In the field of nursing, the sleeping environment is reviewed daily to improve the quality of sleep for 

patients. According to a study by the Nursing Society, the sleep illuminance preferred by the participants 

shortens the time to fall asleep, and the light environment is also one of the factors of sleep [1].. Past 

studies have shown that lights affect people [2][3][4].. However, little research has been done on the 

effects of light when humans close their eyes [1].. Therefore, the purpose of this study is to investigate 

how lights affect humans when the eyes are closed. It investigated the illuminance and light color based 

on physiological indicators using brain waves. 

EXPERIMENT 

Table 1 shows the experimental conditions. Each of 100lx, 10lx, 1lx surface lights were prepared 

respectively for this experiment. The light color is red, green and blue LEDs. And the Dark color was 

prepared assuming the darkness. In the experiment, Electroencephalograph (EEG) was used as a 

physiological index. Electrodes were placed on C3 and C4 of the subject's scalp by the International 10-

20 system. An additional electrode was attached to the A1 that served as a reference electrode for the 



 

 

 

 

 ACA CONFERENCE 2021-color and culture  

 43 

electrode attached to the scalp. The data are 3 to 3.5 Hz (delta), 4 to 7.5 (theta), 8 to 12.5 Hz (alpha), and 

13 to 30 Hz (beta).  

Eight people in their twenties were chosen to be the subject of the experiment. The subjects were 

asked to refrain from alcohol intake the previous day and caffeine intake on the experiment day, make 

sure to have a good (quality of) sleep before the experiment Immediately  

After the start of the experiment, subjects were given the first EEG measurements(EEG①) before 

entering the darkroom. After EEG ①, the subjects were asked to adapt to the light conditions in a dark 

room, and the adaptation was performed for 10 minutes. During the 10-minute adaptation, a second EEG 

measurement(EEG②) was performed in parallel for the first minute. A third EEG measurement(EEG③) 

was performed after adaptation for 10 minutes. After EEG③ , participants then were instruction to close 

their eyes . Five minutes after the subject closed his eyes, a fourth EEG measurement(EEG④) was 

performed. This is the end of the experiment. 

In this experiment, To observe the Effect of Light color on Eyes-closed EEG, two brain waves of 

EEG③ and EEG④ were compared. 

Table 1. Experimental condition 

Light source LED 

Surface illuminance 1lx, 10lx, 100lx 

Light source height 1.2m 

Chromaticity Red: (0.70, 0.30) 

Green: (0.22, 0.73) 

Blue: (0.14, 0.06) 

 

RESULTS AND DISCUSSION 

Figure 1 shows the fluctuation of the content rate of each frequency band. First of all, the content rate 

is a numerical value of the ratio of the four types of brain waves contained in the brain. This will be a 

graph of them. What can be seen from Figure 1 is that the content rate fluctuates before and after closing 

the eyes. 

Figure 2 is a graph of the ratio of alpha waves before and after closing the eyes under each condition. 

In this experiment, the alpha waves of each light before and after closing the eyes were compared to 

examine the rate of change. The increase in the rate of change indicates the calmness of the participants 

due to the light color. From now on, this numerical value is considered the "calmness ratio".  

And, in Figure 2, it can be seen that red 100lx showed the highest calmness ratio and red 10lx showed 

the lowest calmness ratio.  

In addition, Dark color did not show any change in alpha waves before and after closing the eyes. 

Also, since 100lx has highest illuminance, the color effect is most likely to appear. As a result, red has 

the highest calmness ratio among the three colors. 

According to a study by Mariana G. Figueiro, "red showed suppression of alpha waves compared to 

Dark"[2]. However, the opposite result was obtained in this study. In the future, the results should be 

continuously examined, including the possibility of "the effect that the subject receives from the light 

color during adaptation". 
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Figure 1. Fluctuation of the content rate of each frequency band 

 

 

Figure 2. Ratio of alpha waves before and after closing eyes under each condition  
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CONCLUSION 

In this study, an experiment was conducted on the effect of light color on closing the eyes. The results 

can be summarized as follows: 

(1) EEG fluctuations were observed when the eyes were closed in the light. 

(2) Since 100lx has highest illuminance, the color effect is most likely to appear. 

(3) Comparing 100lx of red, green and blue, red has the most calmness ratio. 
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ABSTRACT 

The appearance of food, including surface color and glossiness, is a major factor in the evaluation of 

food quality and its conditions. When the color of an object is recognized, it is judged by the diffuse 

reflection of the material surface, excluding the specular light of the object. Additionally, the 

glossiness is recognized by the specular reflections. In general, the gloss can be determined from the 

difference in the strength of the specular reflected light to the diffused light. A non-contact two- 

dimensional (2D) image recording system using a digital camera was developed and dome-shaped 

illumination was applied to measure the color and glossiness of the object. Uniformly irradiating 

lighting was generated using this illumination system. In addition, a light trap was inserted between 

the inner wall of the dome and the object. When the light trap was rotated at a certain angle, the 

images without the partially specular reflected light were captured by a digital camera. Through 

image processing, the images with the specular component included (SCI) and excluded (SCE) were 

obtained. Further, a 2D glossiness mapping image was obtained using the difference in the L* values 

of each pixel between the SCI and the SCE in the L*a*b* color system. This study was focused on 

thawing frozen foods. The glossiness, color, weight, and internal temperature of each object were 

continuously measured during the thawing process and the effects of the air temperature and humidity 

on the process were further investigated. 
 

INTRODUCTION 

As the appearance elements of an object are greatly influenced by the color and glossiness, the 

quantitative evaluation of color and glossiness is required. A non-contact 2D image recording system 

using a digital camera was developed and dome-shaped illumination was applied to measure the color 

and glossiness of the object [1][2]. It can record for several hours, and it is possible to monitor the 

weight of the object. Using this equipment, Fukagawa et al.[3] reported changes in the color and 

glossiness during the drying process of specific samples, such as, black beans and silica gel. In this 

study, the gloss, weight, and core temperature of frozen blueberries was measured during the thawing 

process. 

 
COLOR MESUREMENT SYSTEM 

Figure 1 shows an overview of the developed equipment. The dome imitated an integrating sphere, 

through which a constant lighting condition could be obtained. By reflecting the light multiple times 

in the integrating sphere, it was possible to uniformly irradiate the sample with a non-uniform surface 

without generating any shadows. The placements of the equipment parts included a light source of 

high color rendering white LED, average color rendering index Ra90 of 29 W with a correlated color 
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temperature of 6200 K at the bottom of the dome, an electronic balance under the sample table, and 

a light trap with a width of 30° every 60° in the upper half of the white dome. The weight of the 

sample was measured using an electronic balance. The measurement of the temperature and humidity 

inside the dome was made feasible by employing a temperature and humidity sensor using a single 

board computer, Arduino Uno. 

 

Figure 1. Dome-shaped illumination to measure the color and glossiness of the object. 

The measurement principle is described as follows. The light trap was rotated 30° under the 

control of a stepping motor, and the sample was photographed each time automatically controlled by 

the Arduino Uno computer. The light reflected from the light trap’ direction was not included. 

Therefore, the captured image does not include specularly reflected light components. By using 

image processing on the 12 images obtained after one round of photographing, the SCI that collects 

solely the pixels with the highest brightness and the SCE that collects solely the pixels with the lowest 

brightness are obtained. The SCI is an image that collects the pixels that contain a specular light 

component, and the SCE is an image that collects the pixels that do not contain a specular light 

component. Although the colors are recorded as RGB in a digital camera, it depends on the camera 

used and the lighting environment. Therefore, in this study, the brightness and color were 

quantitatively evaluated using the CIE-L* a* b* color system that does not depend on them. In the 

CIE-L* a* b* color system, the L* value represents lightness, the a* value, and the b* value 

represents color. The color of the object can be determined from the a* and b* values of the SCE, 

which does not include the specularly reflected light component. The difference in the brightness can 

be obtained from the difference in the L* values between the SCI and SCE. In this study, the 

glossiness was calculated from the difference in brightness. Therefore, using achromatic drawing 

paper in black, dark gray, light gray, and white, the relationship between the glossiness obtained by 

the conventional contact-type glossiness measuring device (GM-268 plus made by Konica Minolta) 

and the brightness difference obtained by the proposed equipment was investigated. Furthermore, the 

glossiness calculation formula to compute the glossiness from the brightness difference was derived 
[3]. In the proposed equipment, 20 degree mirror gloss was used for evaluating glossiness unit. 
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EXPERIMENT 

In this study, frozen blueberries of the Dole brand purchased from the market, were used as 

samples. The photographing intervals of the device were 3 min and 108 min (37 times). The weight 

of each sample was measured every 10 s and the initial weight was 0 g. A thermocouple was inserted 

at the center of the sample to measure the internal temperature change. The frozen blueberries were 

thawed at room temperature and relative humidity of approximately 26-30 °C and 53-60 %, 

respectively. Figure 2(a) shows one of the 12 images taken. Figures 2(b) and 2(c) show the SCI and 

SCE obtained by the image processing of the 12 images per lap, respectively. Further, the L*, a*, 

and b* values of the sample were checked. 

 

  
Figure 2(a). An example of  

a photograph taken 

Figure 2(b). SCI image            Figure 2(c). SCE 

image 

EXPERIMENTAL RESULTS AND CONSIDERATIONS 

Figure 3(a) shows the time change of the temperature and the humidity inside the dome and the 

internal temperature of the object. Figure 3(b) shows the changes in the weight and the glossiness 

over time. The graph in Figure 3(b) shows that the glossiness increased sharply immediately after 

starting the experiment, reached the maximum value at 6 min after starting, and decreased thereafter. 

The internal temperature of the blueberries was 0° C and - 3 °C around 8 min and 6 min after starting 

the experiment, respectively, as shown in Figure 3(a). Thus, from the beginning of the experiment, 

the glossiness increased, the frost on the surface thawed as the internal temperature rose, and water 

condensed on the surface of the blueberries, which further increased the glossiness. The reason for 

the glossiness starting to decrease after 6 minutes was because the frost that formed in the room air 

after the blueberries were removed from the freezer at -18 °C had finished melting and the condensed 

water on the surface had begun to evaporate. In addition, it can be seen from Figure 3(a) that the 

internal temperature of the blueberries exceeds 20 °C and approaches the dome temperature 

approximately 20 min after starting the experiment. At this time, the weight and glossiness change 

in the same manner. 

thermocouple 
frozen blueberry 

color chart 

stainless steel 
sphere 
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Figure 3. Time variation of the dome temperature and humidity, internal 

temperature, weight and glossiness of the blueberries 

 

CONCLUSION 

Using this equipment, the changes in the color and gross color were investigated during the 

thawing process of frozen foods. As the internal temperature of the blueberries approached 0 °C, 

the frost melted and the glossiness increased. After that, the water on the surface evaporated, the 

glossiness decreased with the decrease in weight. 

Future studies will include further exploration of the relationship between the presence or 

absence of water on the food surface and the gross, and the effect of the thawing conditions on 

the color and gross color of the food. For this purpose, the current equipment requires further 

enhancements, such as, introducing the capacity to control the temperature and humidity inside 

the dome. 
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ABSTRACT 

The tone mapping operators (TMOs) aim at reproducing the visual perception of high dynamic range 

(HDR) scenes on the low dynamic range media. In this study, an adaptive histogram adjustment tone 

mapping algorithm was proposed based on block segmentation and fusion. Traditional histogram-

based TMOs may lead to excessive contrast enhancement, so we adopted a novel histogram 

adjustment method inspired by K-means clustering algorithm. In this algorithm, the HDR images are 

segmented to several blocks and the histogram adjustment is applied separately to improve the image 

quality further. Then we designed an image fusion scheme with the form of a bilateral filter to deal 

with the artefacts on block boundaries. The proposed TMO was evaluated on a number of HDR 

images using tone-mapped image quality index (TMQI), indicating better image quality than the 

representative tone mapping methods. Meanwhile, a good balance between the global and local 

contrast can be achieved with this algorithm. 

 

INTRODUCTION 

High dynamic range (HDR) imaging technologies have achieved great progress recently. With 

the sources of HDR images being more accessible, there comes the need of reproducing HDR images 

on traditional low dynamic range (LDR) displays. And tone mapping operators (TMOs) can fulfill 

the demand, aiming to reproduce the visual impressions and feature details of the original real scenes 

faithfully. 

Traditional histogram-based TMOs tend to be related with the histogram equalization or the 

perceptual characteristics of human vision system [1-2]. This may lead to excessive stretching of 

contrast in highly populated bins, whereas the pixels in sparse bins can suffer from excessive 

compression of contrast. Considering of these drawbacks, we propose an adaptive adjustment tone 

mapping algorithm based on block segmentation and fusion. 

 

ADAPTIVE HISTOGRAM ADJUSTMENT TONE MAPPING 

Pipeline of the proposed tone mapping 

In the proposed algorithm, the weighted sum of the channels of HDR image is calculated to get 

the luminance channel. Then the luminance image is divided into non-overlapping blocks evenly. 

Inside each block, the histogram is adjusted based on K-means clustering, which results in an 

appropriate detail-preserving curve. Finally, a scheme of image fusion is done by weighted mean of 

a bilateral filter form. The main procedure of the proposed algorithm is shown in Figure 1. 

mailto:chsxu@zju.edu.cn
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Figure 1. The pipeline of the proposed algorithm 

Luminance extraction and block segmentation 

Given an HDR image in RGB format, the luminance channel is extracted as Eq. (1). 

 𝐼 = 0.2627𝑅 + 0.6780𝐺 + 0.0593𝐵 (1) 

The luminance extraction makes it possible that the hue and chroma information is generally 

maintained in final output. 

Then the luminance image is divided into non-overlapping regular rectangular blocks. With this 

step, the tone-mapped images would have better local contrasts and so preserve more details.  

Histogram adjustment 

In each divided block, we apply a histogram-adjustment algorithm inspired by K-means 

clustering, which is detailed introduced by Oskarsson et al. [3]. With the algorithm implemented, the 

subimages are mapped as Eq. (2). 

 F(𝑢): {𝑢1, … , 𝑢𝑁} → {𝑐1, 𝑐2, … , 𝑐𝐾} (2) 

where 𝑢1, 𝑢1, … , 𝑢𝑁 are intensity levels of a subimage, 𝑐1, 𝑐2, … , 𝑐𝐾 are cluster centers, N refers to 

the number of intensities, 𝐾 is set as 256 to match up with the bit depth of LDR images and so each 

cluster corresponds to an LDR intensity value, and F means the mapping curve generated. 

Tone-mapping curve generation 

In this session, a global tone-mapping curve is utilized to suppress excessive enhancement or 

compression. According to Weber-Fechner’s law, the perceptual lightness versus logarithm of 

radiance is linear. In literature, there are a number of global TMOs taking the form of logarithm. 

Similarly, we build another mapping curve as Eqs. (3)-(4). 

 G(𝑢): {𝑢1, … , 𝑢𝑁} → {𝑙1, 𝑙2, … , 𝑙𝐾} (3) 

where the mapping curve is denoted as G and for 𝑖 = 1,… , 𝑛, 

 
𝑙𝑖 = exp⁡(log(𝑢1) + 𝑖 ∙

log(𝑢𝑁) − log⁡(𝑢1)

𝐾 + 1
) (4) 

In combination of F(𝑢) and G(𝑢), we derive a balanced mapping curve. Considering excessive 

contrast enhancement or compression often occur in uniform regions, a uniformity measure 𝛽 is 

induced to tune proportions. The blended mapping curve is presented in Eqs. (5)-(7). 

 H(𝑢): {𝑢1, … , 𝑢𝑁} → {𝑣1, 𝑣2, … , 𝑣𝐾} (5) 

 𝑣𝑖 = (1 − 𝛽)𝑐𝑖 + 𝛽𝑙𝑖, 𝑖 = 1,… , 𝑛 (6) 

 𝛽 = 0.5 ∗ (1 − 𝑒𝑎−𝜂) (7) 

where H is denoted as the blended curve. The subimages’ histograms need to be calculated again 

with the number of bins being 20. In the case, 𝑎 is then the number of bins which have larger density 

than the average and 𝜂 serves as a constant controlling balance power. Notice that 𝑣𝑖 is not the final 

LDR values. There needs also another step to map 𝑣𝑖 to LDR values. 
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Image fusion 

After the complementation of block segmentation and curve generation, we propose an image 

fusion scheme taking the form of a bilateral filter. Without image fusion, subimages would have an 

appealing contrast but distort in block boundaries apparently. It is considered that a block is related 

to its neighbouring blocks, as is mapped values. Given an input HDR image 𝐼, the image fusion 

scheme of the output image 𝑝 is given in Eq. (8). 

 

(8) 

 

(where 𝑥, 𝑦 are pixel coordinates, 𝑤𝑑 is the distance weighting factor, 𝑤𝑠 is the intensity similarity 

weighting function, and 𝐵 is the number of neighbouring blocks considered. In detail, the 

calculations of 𝑤𝑑 and 𝑤𝑠 are shown in Eqs. (9-11). 

 𝑤𝑑(𝑖) = 𝑒−(𝑑𝑖/𝜎𝑑) (9) 

 𝑤𝑠(𝑖) = 𝑒−(𝑠𝑖/𝜎𝑠) (10) 

 
𝑠𝑖 =

|log(𝐼𝑡 + 1) − log⁡(𝐼𝑖 + 1)|

log⁡(𝐼𝑚𝑎𝑥 + 1)
 (11) 

where 𝑑𝑖 is the Euclidean distance between the current pixel 𝐼(𝑥, 𝑦) and the centres of each of the 

neighbouring blocks, 𝜎𝑑 controls the smoothness of the image, 𝑠𝑖 measures the difference of average 

values between the target block 𝐼𝑡 and surrounding blocks 𝐼𝑖, and 𝜎𝑠 tunes the influence of 

neighbouring blocks. 

Finally, the colour channels of HDR images are transformed to LDR values according to Eq. (12). 

 𝑐(𝑥, 𝑦) = 𝐶(𝑥, 𝑦)/𝐼(𝑥, 𝑦) ∙ 𝑝(𝑥, 𝑦) (12) 

where 𝐶(𝑥, 𝑦) denotes one of the colour channels (red, green and blue), and 𝑐(𝑥, 𝑦) is the output 

LDR values. 

EVALUATION 

The proposed algorithm was compared with 5 typical tone mapping algorithms, including Drago 

et al., Ferwerda et al., Kim et al., Mai et al. and Reinhard et al. [4-8]. 

Implementation details 

The parameter selection plays a vital role in our algorithm. We attempt to achieve a balance 

between the local contrast and overall lightness. The involved parameters are listed in Table 1. 

Table 1. The parameters’ selected in the proposed algorithm 

Parameters Values 

Number of blocks 16*12 

N 512 

K 256 

B  5*5 

 𝝈𝒔 32 

 𝝈𝒅 245.4 

 

 
𝑝(x, y) =

∑ H𝑖(𝐼(𝑥, 𝑦))
𝑖=𝐵
𝑖=1 ∙ 𝑤𝑑(𝑖) ∙ 𝑤𝑠(𝑖)

∑ 𝑤𝑑(𝑖) ∙ 𝑤𝑠(𝑖)
𝑖=𝐵
𝑖=1
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Considering that the resolution of HDR images used is up to 3930*2941, the images are all 

segmented into 16*12 blocks. The division makes sure that there are efficient pixels in each 

individual block to implement histogram adjustment, while it keeps pleasant local contrast 

simultaneously. 

As to histogram adjustment, the bins of input image histogram is set as 512, with clusters’ amount 

(K) being kept as 256. K corresponds to the bit depth of LDR images and N is twice the number of 

K to ensure histogram details preserved. 

Heuristically, we set the neighbouring blocks as 5*5 grids, i.e., B holds the value of 25. 

Meanwhile, 𝜎𝑠 is set to 32 and 𝜎𝑑 is calculated as Eq. (13). 

 𝜎𝑑 = (𝐻0 +𝑊0)/2 (13) 

where 𝐻0 and 𝑊0 are the height and width of an individual block respectively. 

Objective Assessment 

The desirable characteristics of a TMO are that it should produce artefacts-free natural-looking 

results and preserve the structure. The tone-mapped image quality index (TMQI) calculates the 

structural similarity and naturalness indices and then combines them to give an overall quality index 

[9]. Researches show that TMQI has great correlation with the visual preference of images. 

Therefore, we utilize TMQI to implement the objective evaluation on the tested algorithms. 

The tested HDR images are from LVZ-HDR dataset, including indoor and outdoor scenes [10]. 

TMQI scores for the 9 test images are given in Table 2, with the highest scores being bold. The 

proposed algorithm shows the best performance for most images, which meanwhile gets best scores 

for the statistical indexes listed.  

 

Table 2. TMQI scores of tone-mapped images for the tested algorithm 

Image Number Drago  Ferwerda Kim Mai Reinhard Proposed 

1 0.76  0.59  0.74  0.82  0.73  0.85  

2 0.70  0.52  0.69  0.80  0.67  0.79  

3 0.77  0.64  0.79  0.86  0.74  0.86  

4 0.76  0.64  0.79  0.84  0.75  0.85  

5 0.88  0.73  0.88  0.94  0.82  0.95  

6 0.85  0.71  0.85  0.84  0.79  0.89  

7 0.91  0.76  0.90  0.86  0.84  0.92  

8 0.86  0.74  0.89  0.92  0.83  0.94  

9 0.72  0.66  0.83  0.79  0.71  0.82  

Mean 0.80  0.67  0.82  0.85  0.76  0.87  

Min 0.70  0.52  0.69  0.79  0.67  0.79  

Lower quartile 0.76  0.64  0.79  0.82  0.73  0.85  

Median 0.77  0.66  0.83  0.84  0.75  0.86  

Upper quartile 0.86  0.73  0.88  0.86  0.82  0.92  

Max 0.91  0.76  0.90  0.94  0.84  0.95  

Subjective comparison 

A typical visual comparison of the competing methods is demonstrated in Figure 2. The presented 

images are based on a representative HDR scene, with both indoor and outdoor contents. The results 
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in (a), (b), (c) and (e) show good global contrast. Whereas there are lacks of indoor details more or 

less. (d) presents vivid indoor details while the outdoor scene looks like suffering from over-

exposure. By comparison, it can be seen from (f) that the proposed algorithm guarantees impressive 

local contrast from outdoor scenes to indoor details.  

 

Figure 2. Tone mapping results of a test image. (a)Drago et al. (b)Ferwerda et al. 

(c)Kim et al. (d)Mai et al. (e) Reinhard et al. (f)Proposed. 

 

CONCLUSION 

In this paper, a histogram-adjustment-based tone mapping algorithm is presented. We proposed a 

strategy of segmenting an image into several blocks to improve local contrast. Moreover, an image 

fusion scheme taking the form of a bilateral filter was adopted heuristically. Both subjective 

assessment and objective evaluation indicate that our algorithm gives comparable results to the 

typical tone mapping algorithms and achieves a balance between overall lightness perception and 

detail preserving. 
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ABSTRACT 

The aim of this study is to evaluate the influence of different substrate properties with color 

appearance and image color perception on Thai curry product labels in UV inkjet printing.  Three 

commercial substrates of pressure sensitive ( PS)  label were selected to use in this study.  Graphic 

design of three Thai curry patterns was printed on the substrate differences of thickness and whiteness 

in setting up the LED-UV curable inkjet printer for speeds, print directions and resolutions. Through 

the measurement of color appearance on printing quality was discussed by CIE L*a*b*, ΔE*
ab (color 

difference) and gloss. The related influence of UV digital printing system has not only label cost but 

also ability of barcode reader application.  However, the preference of image color perception on 

suitable substrates should be considered by designer or manufacturer.    

                

INTRODUCTION 

Current usages of digital printing have become a mainstream process to expect growth in the 

commercial print area. The adoption of digital printing is widespread to a variety of products into the 

various market sectors.  For packaging industry, digital printing applications are self- adhesive labels, 

prototyping of package promotion, batch number, print and apply labels, point-of sale items and 

digital proofing.  The digital printing advantages for labels process can make on demand in limited 

order quantity, short run of production speed, cost consideration, and printing onto a variety of 

substrates under inkjet or toner printing system.  Majority of digital work process of packaging is 

label category to meet the inkjet printing. If digital printing is to expand into other packaging areas, 

toner-based systems may not be able meet the demands of printer.  Because of higher cost toner-

based system, digital inkjet is expected to grow at a fast rate [3]. 

In addition to UV-curable ink and solvent ink, color and adhesion of ink are important commercial 

applications to direct product labeling. Solvent-based inks dry by evaporation and UV-curable inks 

are solidified by brief exposure to UV source [2].  In this study focused on digital printing with LED-UV 

curable inkjet printer on three surfaces of labels at different printing speed condition.  In figure 1 shows UV-
LED print mechanism of UV ink property of immediate curing upon UV light irradiation, no drying time is 

required.    
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Figure 1. UV-LED print mechanism of UV ink property  

source: www.mimaki.com  

Additional considerations of label material selection with suitable product include substrate 

properties such as opacity, stiffness, smoothness, brightness, whiteness and thickness. These factors 

are based on ensuring quality, consumer compliance of agreement as well as good color appearance. 

The most common film materials are used in package labels.  According to substrate for digital printing, 

Bugner, 2002 [2 ]  described the intended application of the substrate forms for digital printing.  The inkjet 

receivers of substrate compose of uncoated papers, coated paper, composites, films and synthetic paper.  UV 

ink process is printable to PVC, PET, PP, paper, fabric and more varied applications.  For the substrate types 

of print modes, it can choose from depending on work purpose or consumer satisfaction.  In term of color 

measurement, spectrophotometer has ability to measures transmitted, reflected, or emitted light from 

an object at many different wavelengths. Typically, the measurement is made in spectral radiance or 

colors perceived emittance values from 400 to 700 nanometers [ 1 ] .  The CIE adopted three - 

dimension color model is called CIE-LAB in which the distances do correspond to perceived color 

differences.  It can be useful for work at understanding Lab (CIE-Lab) .  Therefore, the objective of 

this study is to evaluate the influence of different substrate properties with color appearance and image color 

perception on Thai curry product labels in UV inkjet digital printing.  

         

MATERIAL AND METHOD 

Material and sample preparation    

Graphic design of labels was created with Adobe Illustrator program which program can be 

determined cyan (C), magenta (M), yellow (Y) and black (K) equivalent for choosing in subtractive 

system. Thai curry Pressure Sensitive (PS) labels of three product types under Anurux brand were 

designed with Adobe Illustrator CC. Graphic of the labels were designed to compost of food pictures, 

information of product and brand name.  The UV-  curable ink of inkjet printing was provided onto 

the three commercial substrates of pressure - sensitive adhesive materials (Avery Dennison supplier). 
Three products were collected background spaces of the printed label samples for measuring colors 

as shown in Figure 2 ( green:  instant green curry power, red:  instant massaman curry power, and 

yellow: instant yellow curry power). Accordance with printer parameter setting up, the label samples 

were printed with digital inkjet printer ( Mimaki, UCJV 155- 160, Japan) .  It was determined scan 

speed in both normal and high speed level at the same uni- print direction and resolution setting for 

600 x 1200 dpi of all printed substrate samples.         

Color measurement and microscopic images 

CIE L* a* b*  and color difference (ΔE)  value of the printed label samples were measured 

according to ISO 12647-6:  2020 standard using spectrophotometer X-Rite eXactTM, USA)  at D50 

illuminant, 2 observer, 0/45 geometry). The evaluation of the printed surface is based on comparing 

the color appearance between different printing speeds and printing substrate materials.  

Digital microscope ( 1000x, China)  used optics system and a digital camera to capture and 

magnify images. These images were displayed computer monitor with camera software through USB 
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port which can be attached to microscope for printed photo quality of 0. 1 MP.  They were visually 

assessed.  The substrates without printing image were measured by using a gloss meter.  Gloss was 

measured at the angle of 60.       

 

Product a Product b Product c 

Figure 2. Thai curry label design features 

RESULT AND DISSCUSSION 

CIE L*a*b*, Color difference and Microscopic Analysis   

As shown in Table 1 and Table 2, L*, a* and b* values of printing color onto three substrates at 

labeling three products ( Instant yellow curry powder, instant massaman curry powder and instant 

green curry powder) exhibited a similar graphical trend for both printing speeds. The effect of label 

color with L*  values was found that instant yellow curry powder and instant green curry powder 

higher than instant massaman curry powder. This indicated that yellow and green were vivid pigment 

color as lightness.  Parmod & Sharma, 2017[ 8 ]  applied the ultraviolet ( UV)  curing process to be 

coated the substrate with properties of high-gloss hardness. Effective photoinitator has to be adjusted 

to a special region and the special absorbance. Seipel et al., 2019 [9] studied color effect of switching 

speeds by inkjet printing and UV- LED curing based on photochromic dry.  

Table 1. The color specifications of normal speed printing onto three different substrates 

 

 

Materials 
Thickness 

(um) 

CIE L*a*b 
Gloss 

(GU) Instant yellow 

curry powder 

Instant Massaman 

Curry powder 

Instant Green curry 

Powder 

Substrate 1 97 

L =87.95 

a = -3.07 

b = 88.21 

L =35.49 

a = 35.07 

b = 20.08 

L =73.64 

a = -31.89 

b = 65.03 

 

100.33 

ΔE  S1-S2  3.96 1.50 1.19  

Substrate 2 262 

L = 87.86 

a = -4.15 

b = 88.45 

L = 37.16 

a = 37.59 

b = 20.95 

L =74.49 

a = -32.30 

b = 65.96 

 

88.66 

ΔE  S2-S3  10.11 .3.20 7.47  

Substrate 3 200 

L = 81.79 

a = -4.52 

b = 80.69 

L =35.52 

a = 35.21 

b = 18.74 

L =70.34 

a = -31.67 

b = 61.70 

 

78.90 

ΔE  S3-S1  7.96 4.93 5.77  
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Table 2. The color specifications of high speed printing onto three different substrates 

This study can conclude that the print color was affected by its corresponding whiteness and lightness. The 

result of this study was consistent with the description of Li et al., 2020 [7] that investigated the effect of UV-

curable inkjet printing on the heat- sensitive PP substrate.  The influences of printing parameters such as the 

printing distance, number of overprints, color of ink.  The physical size of the area shown in each image is 11 

mm x 9 mm as indicated in Table 2 -  4. When comparing the printer speed with black letter printed samples 

and negative letter without printed samples were performed clearly sharpness difference between high speed 

printing and normal speed printing at the same trend of three substrates.  Furthermore, the results showed that 

gloss values of each substrate were small color differences with in most visible to the human eye. On the other 

hand, color difference (ΔE ) of each condition exhibited closely 1 ΔE for substrate 1 and substrate 2 of instant 

massaman curry powder and instant green curry powder.  In study of Hajipour & Shans-Nateri [4] analyzed a 

color tolerance of the color gamut between reference and printed sample with UV- inkjet printing.  The 

maximum acceptable color difference was obtained 2 CIE L*a*b* of CMYK target. Additionally, this could 

be due to the fact that affected the comparison of color difference (ΔE) before and after transfer of the 

dot area in UV- curable inkjet printing [7].  

   

High speed printing of yellow 

curry label  

High speed printing of 

massaman curry label  

High speed printing of green 

curry label  

   

Normal speed printing of yellow 

curry label 

Normal speed printing of 

massaman curry label 

Normal speed printing of green 

curry label 

Figure 2. Microscopic surface of the printed labels at normal speed and high speed of printer 

operating onto substrate 1  

Materials 
Thickness 

(um) 

CIE L*a*b* 
Gloss 

(GU) Instant yellow 

curry powder 

Instant Massaman 

Curry powder 

Instant Green curry 

Powder 

Substrate 1 97 

L = 87.74 

a = -3.56 

b = 83.23 

L = 40.54 

a = 35.77 

b = 20.33 

L =76.06 

a = -28.47 

b = 63.94 

 

100.33 

ΔE S1-S2  3.50 1.45 1.11  

Substrate 2 262 

L = 88.20 

a = -3.28 

b = 85.13 

L = 39.81 

a = 35.25 

b = 18.80 

L = 75.87 

a = -29.40 

b = 64.32 

 

88.66 

ΔE S2-S3  10.30 3.22 6.31  

Substrate 3 200 

L = 82.54 

a = -4.27 

b = 77.03 

L = 38.31 

a = 33.12 

b = 16.82 

L = 71.89 

a = -28.34 

b = 58.84 

 

78.90 

ΔE S3-S1  8.37 4.33 6.24  
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High speed printing of yellow 

curry label  

High speed printing of massaman 

curry label  

High speed printing of green 

curry label  

   

Normal speed printing of yellow 

curry label 

Normal speed printing of 

massaman curry label 

Normal speed printing of green 

curry label 

Figure 3. Microscopic surface of the printed labels at normal speed and high speed of printer 

operating onto substrate 2 

 

   

High speed printing of yellow 

curry label  

High speed printing of massaman 

curry label  

High speed printing of green 

curry label  

   

Normal speed printing of yellow 

curry label 

Normal speed printing of 

massaman curry label 

Normal speed printing of green 

curry label 

Figure 4. Microscopic surface images of the printed labels at normal speed and high speed of printer 

operating onto substrate 3 

CONCLUSION 

The print color appearances were affected by its corresponding substrate color and printing parameter 

switching speed level.  Gloss value of all substrates was slightly presented ink color difference of label 

background in this study.  It can be important color appearance of image which reveals negative letter 

background as bare white of each substrate.  Printing speed and vivid ink color had effected sharpness of 

distinguish of dot area of images and also L*  value.  The labeling preference of image color perception onto 

suitable substrates should be considered by designer and manufacturer agreement.   



 

 

 

 

 ACA CONFERENCE 2021-color and culture  

 62 

ACKNOWLEDGEMENT 

The authors would like to thank faculty of Agro- Industry, Prince of Songkla University, Thailand for 

supporting the equipment and Miss Kanyamanee Pumethakul for her help to support the curry products in this 

study.   

 

REFERENCES 

1. Ashe, T.  P.  ( 2014) .  Color management & quality output:  Working with color from  

camera  to display to print.  New York and London.  Focal Press:  Taylor & Francis  

group.  

2. Bugner, D.  E.  ( 2002) .  Handbook of imaging materials, Papers and Films for Ink Jet  

Printing. 2nd Edition: New York, USA: CRC Press.  

3. Casatelli, L.  M.  ( 2011) .  Digital printing technologies for packaging, Digital print  

trends by  packagetype, England: Pira International Ltd. 

4. Hajipour, A, & Shans- Nateri, A.  ( 2021) .  Expanding the color gamut of inkjet textile  

printing during color matching.  Color research & application, 46, 1218- 1226.  doi  

10.1002/col.22681 

5. Hu, Guichun Hu,.  Fu, Shiyu,.  Chu, Fuqing,.  & Lin, Maohai.  ( 2017) .  Relationship   

between paper whiteness and color reproduction in inkjet printing.  BioResources,  

12(3)4854-4866.  

6. Li, G. W. , Ho, C. P. , Yick, K. I.  & Zhou, J. Y.  ( 2020) .  Effect of UV- Curable inkjet  

printing parameters on physical, low- stress mechanical, and aesthetic properties of  

polypropylene knitted fabric.  Fibers and polymers, 21( 12) 2788- 2798.  

doi10.1007/s12221-020-1295-5  

7. Lu, X. & Chen, C. 2020. A study on print quality attributes variance of OMR between PET and 

ABS by digital inkjet printing.  IOP Conference Material Science and Engineering.  964. 

doi:10.1088/1757-899X/964/1/012019     

8. Parmod & Sharma, S.  ( 2017) .  Curing and drying technology in printing and  

packaging substrate.  International Journal of Science, Engineering & Computer  

Technology, 7(1), 41- 43. 

9. Seipel, S. , Yu, J. , Viková, M. , Vik, M. , Koldinská, M. , Havelka, A.  & Nierstrasz, V.   

( 2019) .  Color performance, durability and handle of inkjet- printed and UV- cured  

photochromic textiles for multi- colored application.  Fibers and polymers, 20( 7) ,  

1425-1435. doi 10.1007/s12221-019-1039-6     

 

 

 

 

 

 

  



 

 

 

 

 ACA CONFERENCE 2021-color and culture  

 63 

EVALUATION OF CONSISTENT COLOR APPEARANCE 
 

Yuta Terashima1*, Yukiya Konta1 and Yasuki Yamauchi1 
 

1
Department of Informatics, Graduate School of Science and Engineering, Yamagata University, Japan. 

 

*Corresponding author: Yuta Terashima, twd04048@st.yamagata-u.ac.jp 

 

Keywords: Consistent color appearance, Color reproduction, Psychophysical evaluation 

 

ABSTRACT 

The colors attainable on devices vary tremendously as their gamut differ. Therefore, images 

reproduced on different devices have different colors. However, it is desirable for the images 

reproduced on various devices, such as a company logo, to have a similar color 

impression/appearance. The degree of similarity in color appearance among this set of images can 

be defined as consistent color appearance (CCA). If the CCA is high, the colors appear similar (or 

consistent). To evaluate whether the colors have CCA, it is necessary to develop a metric to describe 

CCA. Although several color difference metrics, such as CIEDE2000, have been often used to 

evaluate color difference, they do not necessarily represent subjective differences in color 

impression/appearance. To solve this problem, a new concept of “trendline” has been proposed. 

Consistent colors were expressed as a trendline. Thus, the degree of deviation from a trendline might 

be used to evaluate CCA, i.e., a set with a smaller deviation from the trendline would have more 

consistent colors. In this study, we conducted psychophysical experiments to verify this approach. 

We created 25 sets of color patches for six hues (red, green, blue, cyan, magenta, and yellow). Each 

set consisted of 7 patches. Some of the colors were chosen to be on the trendline, while the others 

were off-trendline. Subjects were presented with two sets of the color patches, selecting the one with 

higher CCA. The sum of the color differences between all pairs of adjacent patches was calculated. 

A good correlation was found between the selection rate and the total sum of the color difference. 

This result indicates that the trendline approach can be used to develop a good metric to describe 

CCA. 

INTRODUCTION 

In order to reproduce an image on different color reproduction devices, such as a company logo, 

it is important to match their color appearance. The degree of similarity in color appearance among 

a set of images on such devices can be defined as consistent color appearance (CCA). Metric 

describing such as CIE76 [1] and CIEDE2000 [2,3] have been widely used to evaluate color 

difference and color reproducibility. They are suggested to use when the color differences are 

relatively small. When it comes to evaluating large color differences and consistent color 

appearances, we would need a new metric to which can well express them. The International 

Commission on Illumination (CIE) has established the TC8-16 committee and is currently working 

to develop a method for evaluating the consistency of color appearance in a single reproduction 

medium. A technical committee (TC8-16) has been just working on standardization activities in CIE, 

aiming to develop this metric. 

Evaluating the difference in appearance of two sets would be equivalent to evaluate how close 

those two sets are. Instead of comparing the color difference/closeness directly, it would be also 

possible to compare colors with some intervening color. Our final goal in this study is to propose a 

new metric based on the hypothesis mentioned above. As the first step, we have proposed a new 

approach of “trendline” in our previous study [4-6]. We conducted psychophysical experiments to 

find consistent colors for a reference color and, as a result, consistent colors were expressed as a 
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trendline (Fig. 1). The next step is to verify whether our concept, the degree of deviation from a 

trendline is applicable to predict CCA, i.e., a set with a smaller deviation from the trendline would 

have more consistent colors. In this study, we conducted psychophysical experiments to verify this 

approach and investigated how the degree of deviation from the trendline affects the consistency 

evaluation. 

 

Figure 1. The trendline 2019 in a*-b* plane 

METHOD 

Apparatus  

The experiment was conducted in a viewing booth whose walls were covered with black velvet. 

Fluorescent light with a CCT of approximately 5000K (FL20SS ENW/18HF, Panasonic, Japan) lit 

the inside the booth to prevent observers from dark adaptation. The illumination of the booth was 

approximately 100 lx. The experiment was performed with an LCD monitor (24.1-inch ColorEdge 

CX241-CNX, EIZO, Japan; 1,920 × 1,200 pixels) for stimulus presentation. The monitor was 

calibrated with a spectral photometer (SR-3AR, Topcon Technohouse Corporation, Japan) to allow 

accurate reproduction of colors, based on their colorimetric values. The display had a CCT of 4984 

K with a peak white luminance of 119.4 cd/m2. The CIE1931 xy chromaticity of the R, G, and B 

primaries were (0.642, 0.329), (0.204, 0.704), and (0.152, 0.060), respectively. All experimental 

procedures were controlled using MATLAB R2021a (MathWorks, United States) and Psychtoolbox 

3 [7,8] on a PC (Vostro 470, Dell, United States; Intel Core i7-3770; NVIDIA GeForce GT 620; 64-

bit Windows 10 Pro). The observers’ responses were obtained using a mouse connected to the 

computer. Observers were able to move their heads freely and viewed the stimuli binocularly. 

Stimuli 

An example of the stimulus is shown in Fig. 2a. The stimuli, defined as a “color group”, consisted 

of a set of seven different color patches, from left to right, R, A, Bi, C, Di, E and F. The patches 

distribution of red hue condition is shown in Fig. 2b. The patch R, A, C, E, and F are the “trendline 

colors” on the trendline 2019, while the patch Bi and Di are test colors with five different colors. The 

test colors are apart from the trendline 2019. The patch B is selected from one of the 5 color test 

colors, either B3 (on the trendline), B1, B2, B4, or B5 (off- trendline), and so is the patch D (either 

D3, D1, D2, D4, or D5). The saturation of the test colors B1 to B5 is the same as that of the B3, and 

similarly the saturation of the test colors D1 to D5 is the same as that of the D3. The color difference 

of the test colors was 5, 10 degrees in CIELAB metric hue-angle from the trendline 2019 in both 

directions, respectively. The hue-angle parameters of the test colors are also defined by the following 

equation: 
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where hBi and hDi are the hue-angle of the test colors B1-5 and D1-5, respectively. The hue-angles of 

the test colors B3 and D3, which locate on the trendline 2019 are represented as hB3 and hD3, 

respectively. In these equations, Δh is a hue-angle difference parameter from the hue-angles hB3 and 

hD3 of the B3 and D3 colors, with three levels of Δh = 0, 5 and 10 degrees. 

As mentioned above, the color groups consisted of a combination of five trendline colors (R, A, 

C, E, F on the trendline) and the two test colors (Bi, Di). A total of 25 color groups were created. 

Since we have defined the trendlines for six colors (Red, Green, Blue, Cyan, Magenta, Yellow), the 

color group was also created for those colors. Figure 2c shows an example pair of stimuli on screen. 

It consisted of two-color groups, which were presented simultaneously on a gray background. The 

color groups were separated and colored with the gray background.  

 

Figure 2. (a) Example of the stimuli in six hue conditions used in the experiment. (b) Test patches 

distribution of red hue condition in the CIELAB a*-b* plane. The black circular plots and line fitting 

represent the trendline 2019, and the red circular plots are test patch colors. (c) Example of the presented 

stimulus pair on display. 

Procedure 

The degree of color similarity of a set of color patches was measured using the Thurstone’s paired 

comparison method. The experimenter explained the general procedure of the experiment and 

specifically explained the concept of “consistent color appearance” to the observer. Each observer 

received a training session prior to the experiment. In the experiment, each observer was asked to sit 

approximately 80 cm from the display. They required to adapt to the viewing conditions for 1 min 

prior to each session and viewed the grey background on the screen. After the adaptation, a stimulus 

pair was displayed for evaluation. A stimulus pair was presented on the monitor during each trial 

(Figure 2b). The combination of the stimulus set and the order of presentation of the stimulus pairs 

were randomly determined for each trial. During stimulus presentation, the observer responded 

ℎ𝐵𝑖 = ℎ𝐵3 ± ∆ℎ, 

ℎ𝐷𝑖 = ℎ𝐷3 ± ∆ℎ, 

(1) 

(2) 
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which of the two (upper or lower set) appeared to be more consistent by clicking the mouse button 

in a two-alternative forced-choice (2AFC) task. The stimulus was presented on the screen until the 

observer made a response. After the observer’s response to the mouse click, a mask with a gray 

background was presented on the screen for 0.8 s, followed by a uniform gray screen to avoid dark 

adaptation. The next stimulus was presented after the mask. 

The number of stimulus pairs was 1,800 ([25C2 = 300 stimulus pairs] × [6 hue conditions]), and 

each observer responded three times for each pair. The experiment was divided into 18 sessions for 

each observer, and it took approximately 16.5 min to complete a session, on average. Observers 

performed three sessions per day (some observers performed up to six sessions), with at least 

approximately 5 min of rest between sessions.  

Five male graduate and undergraduate students in their twenties from Yamagata University, 

including the author, participated in the experiment as observers. All observers had normal or 

corrected-to-normal visual acuity, and they were naïve for the purpose of the research except the 

author.  

RESULTS AND DISCCUSION 

Figure 3 shows the selection ratios calculated for all the observers’ responses. The vertical axis 

shows ratios of stimuli choice in z-score. The horizontal axis shows the three categories of all stimuli, 

which are TL, Category I, and Category II. Each symbol represents the selection ratio for each 

stimulus, where squares denote TL, circles denote Category I, and triangles denote Category II. In 

this figure, the higher ordinate values indicate that the stimulus is more consistent. As a description 

of each category, TL is the stimulus on the trendline (R-A-B3-C-D3-E-F), Category I is the positional 

relationship where the patches B and D deviated to the same side of the trendline, either +Δh or -Δh, 

and Category II is the opposite side. Two clear tendencies are observed in this figure. First, the overall 

selection ratios varied from high to low values in each condition. It can be suggested that the degree 

of consistency differs greatly across the stimuli. In particular, the selection rate for Category I 

resulted in a relatively higher value than that for Category II. Furthermore, as can be seen from the 

blue, we found high and low ratio groups even in the same category. It can be suggested that the blue 

trendline is not hue linear, which may have caused this result. Second, as an overall result, TL had 

the highest or second highest ratio of selection, with the highest ratios in the red, green, blue, and 

magenta conditions and the second highest in the yellow and cyan conditions. This result suggests 

that the trendline 2019 proposed in the previous study hold sufficient consistent color appearance. 

We then investigated the tendency of consistent color groups, focusing on the degree of deviation 

from the trendline. The degree of deviation was defined by calculating the sum of the hue-angle 

differences from the trendline 2019 for B and D colors. For instance, the degree of deviation of 

stimulus R-A-B2-C-D5-E-F is calculated as 15 from the sum of the hue angle difference Δh = 5 for 

B2 and Δh = 10 for D5. Figure 4 illustrates the relationship between selection ratios and the degree 

of deviation from the trendline. The symbols indicate the stimulus categories described above, and 

Category I was further classified into two sub-categories (I-α and I-β), which are indicates by colored 

symbols. I-α means the test color in the direction of +Δh, and I-β means the direction of -Δh. The x-

axis indicates the degree of deviation, and the y-axis indicates the selection ratio. The solid lines 

represent the linear regression lines. As a result, stimuli with a large degree of divergence tended to 

have a lower selection rate. In addition, the overall results for subcategories α and β show that stimuli 

in the +Δh direction had a lower selection rate than stimuli in the -Δh direction and this trend was 

particularly pronounced in the blue condition. Even the degree of deviation from the trendline were 

the same, however, they did not necessary give the same closeness/appearance evaluation in terms 

of consistency of color. 
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Figure 3. Selection ratios averaged across observers for all stimuli. (a) to (f) are red, yellow, green, cyan, 

blue, and magenta hue conditions, respectively 

 

CONCLUSION 

In our study, we conducted experiments to evaluate consistent color appearance for various set of 

color patches. In addition, we examined the validity of a new approach for evaluating CCA proposed 

in previous studies and investigated how the degree of deviation from the trendline affects the 

consistency evaluation. In conclusion, it was found that the color groups evaluated as highly 

consistent had a small deviation from the trendline or were located near the trend line. In addition, 

the color groups on the trendline had a high selection rate, suggesting that the approach of using the 

trendline to evaluate color consistency may allow quantitative evaluation of the degree of 

consistency. However, actual images do not consist of only a single color, but a variety of colors. 

Therefore, it is necessary to investigate how to apply our trendline concept to evaluate the CCA of 

multi-color images in the future. 
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Figure 4. Relationship between selection ratios and the degree of deviation from the trendline 
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ABSTRACT 

In this paper we compared the direct selection (DS), CIE recommended (CIE-R), ASTM table 5 

(ASTM T5), LLR and LWL methods for computing tristimulus values (TSV) XYZ , F F FX Y Z , and

LMS . 2393 1nm reflectance set, three continuous, three fluorescent and nine LED illuminants are 

used for the comparison. It was found that the LWL performs the best in terms of CIELAB colour 

difference, then followed by the LLR method. The ASTM T5 method forms the third. CIE-R and DS 

methods perform the worst. It is therefore, the LWL method is recommended for computing TSVs   

XYZ , F F FX Y Z , and LMS . 

INTRODUCTION 

Tristimulus values (TSV) for the current CIE colorimetry [1] is defined by  

 dRWV

b

a

V )()(= , with XV = , Y and  Z                                   (1) 

where 

 ( ) ( ) ( )X XW E x   = ,  ( ) ( ) ( )Y YW E y   =  ,   ( ) ( ) ( )Z ZW E z   = .        (2) 

Here, ( )x  , ( )y  , and ( )z   are CIE 1931 or 1964 colour matching functions (CMF), and X , Y , 

and Z are scaling factors, and they are all the same and is defined by 

100 / ( ) ( )

b

X Y Z

a

E y d      = = = =                                                 (3) 

Note that when ( )x  , ( )y  , and ( )z   are CIE 1964 CMFs, normally a subscript “10” is used.  

However, the integrands involved in Eq. (1) has no analytical expressions, hence CIE [1] 

recommended that the integrations should be carried out by 1nm numerical summations:  

 =
=

)()(
0

i

n

i

iV RWV  , with XV = , Y and  Z                                (4) 

at wavelength intervals 1= nm. 

However, 1nm data are rarely available in practice, since reflectance values are typically 

measured by a spectrophotometer at an interval much larger than 1nm such as 10nm. Thus, for 
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practical applications, there is still a problem for how to compute TSVs. CIE has no precise 

recommendation up to now. Hence there are many methods available for computing TSVs. Different 

methods lead to different results and the differences obtained using different methods can be large, 

which can cause problems in current industrial application practice. Li et al. [2] compared available 

methods such as DS (direct selection), CIE-R (CIE recommended), ASTM table 5 (ASTM T5), 

Optimum wights ( known as LLR method) and Least Square weights (known as LWL method) 

methods under the continuous (CIE D65, A, and D50) and fluorescent (CIE F2, F7 and F11) 

illuminants  and found that the LLR method is the best.  

In 2006 and 2015 CIE [3,4] recommended 2° and 10° of cone fundamentals (CF):  ( )l  , ( )m  , 

and ( )s  . CIE also recommended two sets (2° and 10°) of CMFs  ( )Fx  , ( )Fy  , and ( )Fz   

associated with the two sets of CFs:  ( )l  , ( )m  , and ( )s  . 

Note that when we replace CMF  ( )x  , ( )y  , and ( )z   by ( )l  , ( )m  , and ( )s   in Eqs. (1) 

and (2), we have the cone response TSV LMS . In this case the scaling factors L , M , and S  are 

different and may have different choices for different applications since the CFs  ( )l  , ( )m  , and 

( )s   were normalized to have a maximum value of 1 for each of them; When we replace CMF  

( )x  , ( )y  , and ( )z   by ( )Fx  , ( )Fy  , and ( )Fz   in Eqs. (1) and (2) we have the TSV 

F F FX Y Z  , and in this case the associated scaling factors X F ， ,
,Y F , and Z ，F are all equal, and they 

can be similarly defined using Eq. (3). Note also that subscript “10” is also introduced for the 10°  
CF and CMF based on 10° CF. Here in this article, we omit the subscript “10” and only mention   2° 
or 10° CMF or CF. 

CIE launched 10 key research areas four years ago and application of CIE 2015 CF-based CIE 

colorimetry is part of them. The objective of this proposal by the CIE is to conduct field trials that 

compare the results of the use of the CIE 1931 (2°), CIE 1964 (10°) and CIE 2006 2° and 10° CMFs 

( )Fx  , ( )Fy  , and ( )Fz  , especially when applied to LED lighting and in imaging applications. 

Recently, CIE set up a technical committee TC1-98 to investigate the roadmap for establishing future 

colorimetry based on CIE 2006 2° and 10°  CFs : ( )l  , ( )m  , and ( )s  .  

No matter colorimetry based on ( )Fx  , ( )Fy  , and ( )Fz  or ( )l  , ( )m  , and ( )s  ， TSV 

space F F FX Y Z or LMS are important space since all other spaces  will be transformed from the TSV 

space. Hence, accurate compute TSVs are also important. In this article, we will use the available 

DS, CIE-R, ASTM T5, LLR and LWL methods used for computing TSVs XYZ  for the current 

colorimetry as the methods for computing TSV F F FX Y Z , and TSV LMS , and find out which 

method is the best for computing them. 

 

EVALUATION PROCEDURE 

Illuminants 

Three sets of illuminants are used. They are the three continuous (D65, D50 and A), three 

fluorescent (FL02, FL07 and FL11) and nine LED (B1, B2, B3, B4, B5, BH1, RGB1, V1 and V2) 

[1] illuminants respectively.  

CMFs and CFs 

CIE 1931 and 1964 CMFs, CIE 2006 2° and 10° CMFs, and CIE 2006 2° and 10° CFs are used 

for computing TSVs combined with any of the illuminants used. 
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Methods for computing TSVs 

DS, CIE-R, ASTM T5, LLR and LWL methods [2] are used. 

Standard 1nm reflectance set 

1124 reflectance functions measured from Pantone samples and 1269 reflectance functions 

measured from matt Munsell color chips [2] are used. All were measured between 380nm and 780nm 

at 1nm interval. This set of reflectance is considered as standard and accurate (or standard) TSVs can 

be computed using 1nm summation (see Eq. 4).  

 

Measured 10nm reflectance set 

Using the standard 1nm reflectance set, 10nm reflectance set can be obtained using the simulation 

model [2]. 

 

Computed TSVs 

Based on the measured 10nm reflectance set, TSVs can be computed using any of the methods 

under any of the viewing conditions (illuminant plus observer).  

 

Performance measure 

Similar to CIELAB space can be transformed from the TSV XYZ  space, we also can transform 

the computed TSVs and standard TSVs to the corresponding CIELAB space, and then CIELAB 

colour difference can be computed. The smaller the CIELAB color difference is, the more accurate 

the corresponding method is. For each combination of illuminant and color matching function, five 

statistical measures are used to evaluate the performance of each method. They are the average 

(Average), median (Median), 80-percentile (denoted as 80E ), 95- percentile (denoted as 95E ) and 

maximum (Max) of CIELAB color difference.  

PERFORMANCE FOR EACH METHOD 

Firstly, weight tables were available for the ASTM T5 under continuous and fluorescent 

illuminants and CIE 1931 and 1964 CMFs, but not available for LED illuminants, and CIE 2006 2° 
and 10° CMFs, and CIE 2006 2° and 10° CFs. Hence, we used the ASTM E2022 procedure to 

compute the TSVs for the ASTM T5.  

All test results are shown in Figures 1-7 respectively. Figure 1 (A) shows the 3-dimensional bar 

chart for the performance of the five methods under the 9 LED illuminants and CIE1931 and 1964 

CMFs. The left side of the horizontal axis we are facing labels with each of the five methods, the 

right side of the horizontal axis we are facing labels with each of the five measures. The higher the 

bar is, the worse the corresponding method preforms under the corresponding measure. It can be seen 

the DS method performs the worst among any measure. The second worst method is the CIE-R 

method. LWL, LLR and ASTM E2022 methods are better than CIE-R and DS methods. Figure 1(B) 

further shows the performance of the LWL, LLR and ASTM E2022 methods. Overall, LWL method 

performs the best, then followed by LLR and ASTM E2022 preforms the third. Note that Li et al. [2] 

already showed the LWL performs the best under the continuous and fluorescent illuminants.    



 

 

 

 

 ACA CONFERENCE 2021-color and culture  

 72 

       

Figure 1. The performance of each method using the combination of nine CIE LED illuminants 

and two CMFs (CIE 1931 and CIE 1964) 

Figures 2-4 show the performance for all methods under the three continuous, three fluorescent, 

and nine LED illuminants respectively combined with CIE 2006 2° and 10° CFs. It can be seen again 

that LWL method performs the best, then followed by LLR and ASTM E2022 preforms the third. 

The CIE-R and DS performs the worst. Also it can be seen that all methods perform worse under the 

fluorescent illuminants than under continuous and LED illuminants.   

       

Figure 2. The performance of each method using the combination of three CIE continuous 

illuminants and two CFs (CIE 2006 2° and 10° CFs) 

       

Figure 3. The performance of each method using the combination of three CIE fluorescent 

illuminants and two CFs (CIE 2006 2° and 10° CFs) 
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Figures 5-7 show the performance for all methods under the three continuous, three fluorescent, 

and nine LED illuminants respectively combined with CIE 2006 2° and 10° CMFs. It can be seen 

again that LWL method performs the best, then followed by LLR and ASTM E2022 preforms the 

third. The CIE-R and DS performs the worst. All methods perform worse under the fluorescent 

illuminants than under continuous and LED illuminants.   

       

Figure 4. The performance of each method using the combination of nine CIE LED illuminants 

and two CFs (CIE 2006 2° and 10° CFs) 

       

Figure 5. The performance of each method using the combination of three CIE continuous 

illuminants and two CMFs (CIE 2006 2° and 10° CMFs) 
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Figure 6. The performance of each method using the combination of three CIE fluorescent 

illuminants and two CMFs (CIE 2006 2° and 10° CMFs)  

       

Figure 7. The performance of each method using the combination of nine CIE LED illuminants 

and two CMFs (CIE 2006 2° and 10° CMFs) 

 

CONCLUSION 

In this paper, the DS, CIE-R, ASTM E2022, LLR, and LWL methods for computing CIE TSVs 

are compared. No matter which colour matching function or cone fundamentals is used, it was found 

that all methods perform worse for CIE fluorescent illuminants than for CIE continuous and LED 

illuminants and the LWL method performs the best among all methods for 10nm measuring interval 

length. Therefore, it is proposed that the LWL method should be used for computing TSVs XYZ , 

F F FX Y Z , and LMS .  
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ABSTRACT 

Individuals' interpretation of Thai tea color might vary based on their experiences because each area's 

color range of Thai tea has a different color shade. The Thai tea color is distinctive, which may 

provide communication issues if employed in the design or creation of advertisements. Therefore, 

this research aims to investigate the color of Thai tea color for advertising. The subjects were students 

and staff of the Faculty of Mass Communication Technology. They were all tested for color vision 

deficiency using the Ishihara Tests. The experiment was divided into two parts. The first part was to 

identify the hue of Thai tea color by selecting the color chips from Munsell hue ring. The second part 

was to select the color chips from the Munsell color chart of the hue obtained from experimental part 

I. According to the results of experiment part I, six Munsell hues were selected by at least one subject 

(i.e., 5YR, 2.5YR, 7.5YR, 10R, 10YR and 2.5Y). In the second experimental part, the subjects 

selected the colors from 241 color chips that had the hue from the first experimental part. Eight 

Munsell colors that were consistently selected by at least 20 percent of the subjects were 3.75YR 

6/12, 3.75YR 5/12, 5YR 5/12, 1.25YR 5/12, 2.5YR 5/12, 5YR 6/10, 2.5YR 6/12 and 2.5YR 5/14. 

All colors appeared orange. 

 

INTRODUCTION 

Color is an important part that is used in various fields and for the benefits of communication in 

human daily life, such as to classify the clarity, to convey the meaning, to be used as a symbol [1]. 

In the advertising field, color has a significant impact on creative works because the colors chosen 

to be used in the work arise from human's learning to interpret what they perceive naturally. These 

processes occur automatically in all humans [2]. Nowadays, the names of natural objects or objects 

of a particular color are often used as references to name colors in order to reduce communication 

errors and to enable those who are communicating to imagine and visualize the object. 

Nowadays, tea beverages are becoming popular among Thai people [3]. For Thailand, there is a 

famous and unique tea drink both Thais and foreigners known as "Thai Iced tea", which is used as a 

name instead of the color name. Due to the unique color characteristics of tea leaves, when brewing 

through hot water, the tea turns orange-red. The flavoring process is with various ingredients such as 

sugar, sweetened condensed milk, regular condensed milk and fresh milk resulting in the color of 

Thai tea that is in orange tone. The ingredients in tea brewing in each region are different. As a result, 

the color of Thai iced tea is various [4]. 

There was very little research that tried to investigate the representative color of Thai iced tea 

based on our survey. Saksirikosol et al. (2020) conducted an experiment to establish the 
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representative hue of Thai iced tea [5] and discovered that perception of Thai iced tea color varies 

depending on an individual's field of experience. By mixing colors through a computer screen, the 

color choosing process was from the memory of the subject. The result of mixing color for Thai Tea 

was showed in CIEL*a*b* color space. The boundary of Thai iced tea color was identified widely 

in the orange region. The averaged of Thai iced tea color was L* = 52.61,          a* = 19.36, b* = 

52.81. However, there is a limit of color gamut shown by the computer screen, so it may not be able 

to display the colors that the subject wants. 

In this study, the researchers used the Munsell color system in an experiment to allow the subjects 

to select a color from the color chip they saw. This covered the colors that our eyes see more than 

the colors on the monitor. The objective is to investigate the color of Thai iced tea for advertising. 

 

METHODOLOGY 

 This experiment was divided into two parts. The samples were students and staff of the Faculty 

of Mass Communication Technology, Rajamangala University of Technology Thanyaburi who have 

normal vision and pass the Ishiharas Tests plates. There were 400 subjects in experimental part 1 and 

144 subjects in experimental part 2. 

Experimental part I 

 The researchers created the Hue Ring using 40 Munsell color chips covering all hue colors in the 

Munsell Book (Munsell Book Glossy Collection X-rite). Each color chip had chroma 8 and value 5. 

These colors are arranged in circles on a gray background, as shown in figure 1. Then the Munsell 

hue ring was installed in a laboratory. The subjects were asked to choose a color that represents the 

color of Thai iced tea from Munsell hue ring with no limit on the number of choices. 

 

 

Figure 1. Munsell hue ring used in this experiment 

 

Experimental part II 
  

 The other color chips that are in the same color chart as the hue from Experiment part 1 were 

randomly arranged on a gray board. Then the subjects chose a color chip that represents the color of 

Thai iced tea based on their field of experience with no limitation on the number of choices in a 
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laboratory. The illuminance in the experimental room was set between 1000-1200 lux. Figure 2 show 

the schematic diagram of the set up in the experimental room. 

 

 

Figure 2. Schematic diagram of the experimental room (Top view) 

RESULT AND DISCUSSIONS 

Experimental result part I 

 Result of the selected hue representing the Thai iced tea color was shown in Figure 3. The 

abscissa represented Munsell hue. The ordinate represented the number of selections. The result 

showed that there were 6 selected hues. The most selected hue is 5YR which was selected 336 times, 

followed by 2.5YR, 229 times; 7.5YR, 182 times; 10R, 33 times; 10YR, 26 times, and 2.5Y, 14 times 

respectively. All selected hue was in an orange shade which relating to an identity color of Thai iced 

tea. 

 
Figure 3. Representative hue selected by all subjects 

 

Experimental result part II 

The total of 241 color chips randomly arranged on gray paper was in Munsell 6 hue, 217 color 

chips, and 24 additional supplementary colors in the same color hue. From the experiment, it was 

1000-1200 lux 

Soft filter 

fluorescent lamp 
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found that the colors that were selected more than 20% from 144 subjects consisted of 8 colors, as 

shown in Figure 4. The area of the color represents the frequency of the selection.     The 8 colors 

representing Thai iced tea colors are 3.75YR 6/12 (43.75%), 3.75YR 5/12 (57.00%), 5YR 5/12 

(36.81%), 1.25YR 5/12 (30.56%), 2.5YR 5/12 (26.39%), 5YR 6/10 (22.92%), 2.5YR 6/12 (21.53%), 

and 2.5YR 5/14 (20.83%). Table 1 shows the color values in the CIEL*a*b color space to be used in 

the printing industry. 
 

  

Figure 4. Top selected Munsell color for Thai iced tea color 
(Note: color might not present the exact color appearance to subjects) 

 

Table 1. CIEL*a*b* of Thai tea color  

Munsell L* a* b* 

1.25YR 5/12 51.45 43.70 54.37 

2.5YR 5/12 51.70 40.95 63.21 

2.5YR 5/14 54.16 44.79 72.04 

2.5YR 6/12 61.20 41.98 63.76 

3.75YR 5/12 50.52 36.70 64.33 

3.75YR 6/12 61.32 37.40 63.97 

5YR 5/12 52.84 32.94 64.50 

1.25YR 6//10 62.32 29.00 55.70 

 

According to Saksirikosol et al. (2020) , the average CIE L*a*b* color value of the Thai iced 

tea color is (52.61, 19.36, 52.81) [5].  In this experiment, the average of 8 CIE L*a*b* colors is 

(55.69, 38.43, 62.74). When compared, it was found that the CIE L*a*b* color value had a color 

difference (Eab)  of 21.72. Color differences occur as a result of differences in a* and b* values. 

The large color differences may be caused by the limitation of the monitor’ color gamut. As a result, 

it was unable to display the colors that the subjects want. 
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CONCLUSION 

This research suggested a color that can be used to define or represent the color of Thai iced tea 

to be used as a guideline for designing advertisements. According to the Munsell color system, the 

colors that represent the color of Thai iced tea are 8 colors, which are 3.75YR 6/12, 3.75YR 5/12, 

5YR5/12, 1.25YR5/12, 2.5YR5/12, 5YR6/10, 2.5YR6/12, and 2.5YR5/14.           All color was high 

chroma orange. 
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ABSTRACT 

High dynamic range (HDR) and wide color gamut (WCG) images are now commonly available, 

challenging the property of the existing color spaces, which play an important role in color image 

processing and color vision applications. In this study, the performance of several state-of-the-art 

HDR and WCG encoding color spaces, namely ICTCP, Jzazbz, and Non-Constant Luminance (NCL) 

Y’CB’CR’, was investigated. First, just-noticeable-difference (JND) uniformity and hue linearity 

were compared visually and numerically via the existing visual datasets. Then, the crosstalk 

characteristics of each color space were analyzed by conducting chroma sub-sampling to both 

standard dynamic range (SDR) and HDR image databases. The results indicate that ICTCP and Jzazbz 

present better perceptual uniformity and hue linearity compared to Y’CB’CR’, while better JND-

uniformity and hue-linearity would not mean better crosstalk characteristics. 

INTRODUCTION 

 The media industry is continuously striving to improve image quality and to enhance the overall 

viewing experience. Currently there is significant emphasis on high dynamic range (HDR) and wide 

color gamut (WCG) imaging. As an indispensable part of color image processing, color space plays 

a vital role in the performance of the algorithm. Specifically, the uniformity of the just noticeable 

difference (JND) could improve the coding efficiency. In addition to JND-uniformity, hue-linearity 

helps the tone balance of the image implemented by color gamut mapping. Furthermore, the 

achromatic axis and the chromatic axes of the color space should be de-correlated as far as possible 

to ensure the performance of chroma sub-sampling and tone mapping algorithm. The popularity of 

HDR and WCG images has challenged the above-mentioned characteristics of traditional color 

spaces. In this context, a series of color spaces for HDR and WCG signals have been developed, 

while the research on color space would also promote the development of HDR and WCG imaging 

technology. 

 In this paper, a comparative study was carried out in three state-of-the-art HDR and WCG 

encoding color spaces, i.e., ICTCP [1], Jzazbz [2], and Non-Constant Luminance (NCL) Y’CB’CR’ [3], 

to explore the advantages of these color spaces, so that the appropriate color space could be selected 

for specific applications. 

METHODS 

Several criteria were considered to investigate the performance of the HDR and WCG color 

spaces from multiple dimensions, which are described in details below. 

JND-Uniformity 
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The main goal of image coding is to minimize the color distortion with a limited bit depth. The 

uniformity of a color space relates directly to its coding efficiency. In order to avoid visible 

quantization artifacts, the step of each coding value should be below the JND. That is, the more 

regular and uniform the JND ellipses are throughout the color space, the more efficient the coding 

would be. 

The JND-uniformity of the three tested color spaces was compared both visually and numerically. 

For the visual comparison, the MacAdam JND ellipses [4] were plotted in the three color spaces. 

And the numerical comparison for the JND-uniformity ( JNDC ) is shown in Eq. (1). 
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where ,i jl
 represents the length of the major or minor half axis of the j-th JND ellipse, and n  denotes 

the total number of the JND ellipses. For the MacAdam ellipses, n  is 25. 

Hue-Linearity 

Since the human visual system (HVS) is more sensitive to the changes in hue than those in 

chroma, the linearity of the constant hue is very important in saturation adjustment of the image, 

such as the color gamut mapping operation. A completely hue-linear color space would not introduce 

any hue shift with the changes of the saturation of the image. 

Equations (2)-(3) calculate the linearity ( hueC ) of the Hung and Berns [5] data set in the three 

tested color spaces. In addition, iso-hue lines were also be plotted in these color spaces for visual 

evaluation. 
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where ,i jh
 represents the hue value of the j-th point in the i-th iso-hue line of the data set, by 

calculating the tangent angle of the achromatic axes ,i ja
 and ,i jb

 of the corresponding color space. 

There are 12 iso-hue lines in total in the Hung and Berns data set and each line has 4 data points, that 

is, m  and n  in Eq. (3) are 12 and 4, respectively. 

Color Crosstalk 

In this paper, the crosstalk characteristics refer specifically to the correlation between the 

achromatic axis and the chromatic axes of the color space. To test the crosstalk characteristics of the 

three color spaces, chroma sub-sampling was conducted in standard dynamic range (SDR) and HDR 

images from TID2013 [6] and HdM-HDR-2014 [7] databases, respectively. 
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RESULTS AND DISCUSSION 

JND-Uniformity and Hue-Linearity 

Figures 1-2 both show the Rec.2100 color gamut hull with 1000 cd/m2 peak white in the three 

color spaces with an orthographic view along the achromatic axes. For the visually verification of 

the JND-uniformity and hue-linearity of the tested color spaces, the MacAdam ellipses and Hung 

and Berns iso-hue lines were also plotted in the two sets of figures, respectively, where the JND 

ellipses were amplified by a factor of 10. Note that PQ instead of HLG curve was adopted for the 

non-linear transfer function of Y’CB’CR’, in order to be consistent with ICTCP and Jzazbz. The results 

of Eqs. (1)-(3) in the three color spaces are listed in Table 1, indicating that the JND-uniformity of 

ICTCP and Jzazbz is better than that of Y’CB’CR’. Jzazbz has the best hue-linearity, especially in the 

blue region, which benefits from the pre-adjustment of CIE XYZ tristimulus values before being 

converted to the corresponding color space. 

 

Figure 1. Visual comparison of JND-uniformity among the current state-of-the-art HDR and 

WCG color spaces: (a) Y’CB’CR’, (b) ICTCP, and (c) Jzazbz. 

 

Figure 2. Visual comparison of hue-linearity among the current state-of-the-art HDR and 

WCG color spaces: (a) Y’CB’CR’, (b) ICTCP, and (c) Jzazbz. 
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Table 1: Numerical comparison of JND-uniformity and hue-linearity of the three 

tested color spaces. 

 JNDC  hueC  

Y’CB’CR’ 2.4670 0.0089 

ICTCP 0.2340 0.0080 

Jzazbz 0.1734 0.0058 

Crosstalk Characteristics 

Table 2 presents the reproduction accuracy of the SDR and HDR images after conversion to 4:2:0 

and back in the three color spaces. 4 metrics were implemented for the quantitative evaluation, i.e., 

PSNR, SSIM, CIEDE2000, and ꟻLIP [8]. We can see that the reproduction accuracy of HDR images 

is better than SDR images, because these three color spaces are designed specifically for HDR and 

WCG images. Y’CB’CR’ performs better on SDR images, indicating that the traditional color space 

format with the PQ non-linear transfer function is still applicable to SDR images. For HDR images, 

ICTCP have the best performance in the color metrics (CIEDE2000 and ꟻLIP). The results of Tables 

1 and 2 also suggest that better JND-uniformity and hue-linearity would not mean better crosstalk 

characteristics. In order to improve the de-correlation between the achromatic axis and the chromatic 

axes of a color space, further scientific optimization methods are expected to be developed. 

 

Table 2: The reproduction accuracy of the SDR and HDR images after chroma sub-

sampling in the three tested color spaces. 

 SDR HDR 

 PSNR SSIM DE00 ꟻLIP PSNR SSIM DE00 ꟻLIP 

Y’CB’CR’ 39.6898 0.9936 1.24 0.0232 40.8235 0.9676 0.53 0.0041 

ICTCP 38.7959 0.9938 1.31 0.0296 40.0952 0.9667 0.46 0.0034 

Jzazbz 38.8149 0.9929 1.39 0.0420 38.2474 0.9502 0.46 0.0044 

CONCLUSION 

The performance of three state-of-the-art HDR and WCG color spaces was investigated from 

multiple dimensions. The results demonstrate that Jzazbz has the best JND-uniformity and hue-

linearity. Crosstalk characteristics do not have a strong correlation with JND-uniformity and hue-

linearity of the color space. For SDR images, Y’CB’CR’ has better crosstalk characteristics compared 

to ICTCP and Jzazbz, while the de-correlation between the achromatic axis and the chromatic axes of 

ICTCP is the best for HDR images. 
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ABSTRACT 

The spectral sensitivity of multispectral imaging system influences the accuracy of recovered 

spectral image and colorimetric image, so optimizing the spectral sensitivity is necessary to maintain 

the compact structure of multispectral imaging system and high performance. The existing 

optimization methods neglect the uniformity of the target samples, therefore the optimized channels 

are not applicable for any object. The uniform target samples are first selected in this paper, and the 

optimizing is implemented based on the uniform target samples through simulation. The genetic 

algorithm is adopted to optimize the spectral sensitivity of channels. The shape of the spectral 

sensitivity is formulated as the Gaussian curve, and the full width of half maximum of the Gaussian 

curve is optimized with respect to different number of channels. The optimized spectral sensitivities 

achieving best spectral and colorimetric accuracy are obtained, respectively. 

INTRODUCTION 

 Multispectral imaging can obtain more accurate colorimetric and spectral image than traditional 

color imaging due to the increased number of spectral channels. The spectral sensitivity of spectral 

channels influences the generation of multichannel responses and further the reconstructed spectral 

reflectances. So it is necessary to optimize the spectra sensitivity of multispectral imaging system to 

gain high accuracy and keep compact structure. The existing methods of optimizing spectral 

sensitivity can be divided to two categories, i.e. the data-driven method[1,2] and the non-data-driven 

method[3,4]. The non-data-driven method only considers the spectral characteristics of the filter and 

the optimization objective based on a certain assumption, and usually obtains the optimization results 

under that assumption. With the increase of open spectral databases, various data-driven optimization 

methods are gradually proposed. In the data-driven method, the appropriate target samples are firstly 

selected, and then the spectral reflectances of target samples are reconstructed based on the 

corresponding multichannel responses. Besides, the accuracy of reconstructed spectral reflectances 

of the target samples is taken as the optimization objective. The data-driven method can add the 

spectral characteristic data of imaging factors such as light source, sensor and color filter into the 

optimization process to simulate the multispectral imaging mechanism more truly. However, such 

existing methods neglect the uniformness of the target samples, and the peak wavelength and 

bandwidth of the spectral sensitivity are not optimized simultaneously. In this paper, the data-driven 

method is adopted, and the uniform target samples are firstly selected. Then the real-coded genetic 

algorithm (RCGA) is employed to optimize the peak wavelength and bandwidth of the spectral 

sensitivity together. Finally, the optimized spectral sensitivities achieving best spectral and 

colorimetric accuracy are obtained, respectively. 
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SELECTION OF UNIFORM TARGET SAMPLES 

Uniform color samples were selected from the spectral reflectances of 114120 real object 

samples[5]. The provider collected samples from a large number of spectral reflectance databases 

and spectral image databases, and then combined some highly similar samples through clustering, 

and eliminated samples containing impulsive noise. The sampling range of spectral reflectance is 

400nm to 700nm, with 10nm interval.  In the chroma-hue plane, the hue angle is evenly divided from 

0° to 350° with 10° intervals, and 36 hue angles are thus obtained.  All samples are scattered in the 

chroma-hue plane. According to the statistics, the hue angle containing the least samples is 130°, and 

the number of samples at this hue angle is 59. After selecting samples with color difference between 

two pairs greater than 1, the number of samples to be selected is 54, so the number of samples to be 

selected at each hue angle is 54. Moreover, 54 neutral samples are also added. As a result, the number 

of selected uniform target samples is 1998 = 36×54+54, as shown in Fig. 1.   

 

Figure 1. Uniform target samples 

 

OPTIMIZATION OF SPECTRAL SENSITIVITY BASED ON RCGA 

The type of spectral sensitivity is formulated as the Gaussian curve, as illustrated in Fig. 2. The 

main parameters of the Gaussian curve are peak wavelength and bandwidth. So the variables to be 

optimized in the RCGA are the peak wavelengths and bandwidths of spectral channels.  

 

Figure 2. Spectral sensitivity of Gaussian type 
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Since the bandwidth of each channel is individually optimized, the number of variables is twice 

that of channels. The number of channels to be optimized is 3 to 16. The range of the bandwidth is 

5nm to 120nm, with 1nm interval. The objective functions are the CIE DE2000 color difference and 

RMSE spectral difference of the uniform target samples, respectively. The peak wavelength and 

bandwidth of each channel achieving best colorimetric and spectral accuracy are obtained 

simultaneously through RCGA. Besides, a conventional method called even is compared with the 

proposed method. In this method, the peak wavelengths of all the channels of certain number are 

evenly spaced within the spectral range. The color accuracies of optimized channels with the two 

methods are displayed in the Fig. 3(a). The red dash line and green solid line individually represent 

the results of the even method and the proposed method labeled with optimized.               

 

Figure 3. The results of colorimetric optimization 

When the number of channel is less, the optimized channels have better performance than the even 

method. For instance, the color difference of the 3 optimized channels is much less than that of the 

even method. Moreover, the performance between the two methods is very close when the number 

reaches 5. Therefore, the spectral sensitivities of the 3 and 5 optimized channels are displayed in Fig. 

3(b) and Fig. 3(c), respectively, as plotted color curves. Besides, in the two subgraphs, the spectral 

sensitivities of the channels obtained with the even method are also plotted, shown as gray curves. 

Meanwhile, the peak wavelengths of color matching functions are marked as 3 green dots in each 

subgraph. As indicated, the peak wavelengths of optimized channels are almost within the spectral 

range of those of color matching functions. So the derived channels through colorimetric 

optimization gather in the spectral range determined by the peak wavelengths of color matching 

functions.    

The peak wavelengths and bandwidths of 3 optimal channels through colorimetric optimization 

are given in Table 1. Besides, the two parameters of obtained channels with even method are shown 

as well. Since the bandwidth of each channel is optimized simultaneously, each optimized channel 

has respective bandwidth. The peak wavelengths of the first and third channel are less than those of 

even method, and the second one is very close. What’s more, the bandwidths of optimized channels 

are less than those of even method. 

Table 1: The peak wavelengths and bandwidths of 3 optimal channels   

 peak wavelength (nm) bandwidth(nm) 

even 475 550 625 113 113 113 

optimized 452 551 590 56 90 86 

As shown in Fig.4(a), the performance of derived channels through spectral optimization is 

compared with that of even method. As can be seen, the performance of the two methods is very 

alike regardless of the number of channels. And the proposed method is slightly better than the even 

method. The spectral sensitivities of 3 and 5 optimized channels are plotted as color curves in 

Fig.4(b) and Fig.4(c), respectively. The gray curves still represent the spectral sensitivities obtained 
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with the even method. As can be seen, the peak wavelengths of optimized channels almost distribute 

evenly within the whole spectral range.  What’s more, the peak wavelength of last optimized channel 

is closer to the end of the spectral range, indicating the more covering of the whole spectral range is 

more beneficial for recovering the spectral reflectance.   

 

Figure 4. The results of spectral optimization 

As shown in Table 2, the optimized bandwidths are narrower than those obtained with the even 

method, indicating narrow bandwidths are helpful for reconstructing the spectral reflectance. 

Moreover, the optimized peak wavelength of the first channel is 441nm, and the last one is 694 nm. 

The corresponding ones of even method are 450 nm and 650 nm. So the optimized channels occupy 

more spectral space within the spectral range.   

Table 2: The peak wavelengths and bandwidths of 5 optimal channels 

 peak wavelength (nm) bandwidth(nm) 

even 450 500 550 600 650 120 120 120 120 120 

optimize

d 

441 530 571 629 694 96 91 73 72 63 

 

CONCLUSION 

The spectral sensitivities of multispectral imaging system are optimized based on RCGA. The 

peak wavelengths and bandwidths are optimized simultaneously with respect to colorimetric 

objective and spectral objective. When the number of channel is small, the optimized channels have 

better colorimetric performance than the even method. And the peak wavelengths gather within the 

spectral range determined by the color matching functions. For spectral optimization, the derived 

channels are slightly better than the even method. And the optimized channels cover wider spectral 

space within the spectral range.   
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ABSTRACT 

In recent years, the white LED's light efficiency has been gradually increased with the rapid 

development of solid-state lighting technology. It could widely be seen in our daily lives. Three 

psycho-visual experiments are carried out in the study to obtain the visual responses, including 

afterimage's duration time, the color difference between stimulus and background, and visibility. 

Totally twelve observers participate in the experiment to assess 60 test patterns with different colors,  

exposure time, the luminance level of LEDs, and the background for each evaluation item. The 

experimental setup and procedure will be described in detail in the full paper. Besides, the 

quantification of glare is determined by the CIE UGR formula to calculate the value. As a result, it 

shows that the color difference between stimulus and background and visibility is highly correlated 

to the CIE UGR values, whereas the correlation of afterimage's duration time isn't significant. The 

correlation coefficient are 0.95, -0.84, and 0.72, respectively. Moreover, it presents a similar trend in 

both 1 and 3 seconds of exposure time. In summary, the study reveals that the CIE UGR value can 

express the degree of the visual afterimage characteristics. 

INTRODUCTION 

With the rapid development of solid-state lighting technology, white LED light efficiency has 

gradually increased in recent years. LED lighting technology can be seen widely in our daily life, 

such as in LED backlight modules, information boards and lighting applications. However, the LED 

dot matrix’s high luminance characteristics might easily cause a dazzling glare, disturbing human 

vision and damaging the visual system, especially the retina. When looking directly toward the high 

luminance LED, humans would initially perceive a glare, and it was removed with an afterimage that 

appeared [1, 2].  

Gazing at the high luminance stimulus might bring about a visual afterimage. Depending on the 

duration time, there were two types of visual afterimage presented. As the stimulus was removed, a 

brief positive afterimage was displayed which then gradually changed to a negative one in a relatively 

slow process [3]. For the positive afterimage, the light and dark parts corresponded to those of the 

object, whereas complementary colors appeared in the negative one [4]. In general, with a longer 

fixation duration, a significant negative afterimage is perceived. However, the afterimage’s intense 

influence was determined by the positive one and was slightly colored. Due to the disadvantages of 

afterimage on visual performance, many studies have contributed to investigating afterimage 

characteristics which result from a high luminance stimulus.  

Glare can be divided into two classes, discomfort and disability glare, respectively. The significant 

difference is that the latter can strongly obstruct visual performance. Although lots of previous works 
have investigated the influence of glare [5, 6], the evaluation methods [7], and glare recovery [8] 
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induced by LED lighting, there still were few studies focusing on how it relates to the visual 

afterimage. Therefore, the study discusses the relationship between the unified glare rating (UGR) 

and the visual afterimage characteristics. 

METHODS 

To obtain the visual response of the visual afterimage characteristics induced by high luminance 

LEDs from the observers, three psychophysical experiments are conducted. Three experiments 

acquire the data of duration time of the afterimage, the color difference between the afterimage and 

the background, and the visibility of the afterimage. 

Totally 60 test patterns are evaluated for each item, including duration of the afterimage, color 

difference, and visibility with two luminance levels of illumination, five colors, three luminance 

levels of background and two exposure times. Figure 1 shows an example of a viewing field seen in 

a completely dark environment. An RGB LED spotlight presents all the stimuli with an IR remote 

control, enabling the adjustment of colors, transitions, and luminance levels. A half-silvered mirror 

(50% reflection and 50% transmission) is placed 70 cm in front of the observers to simultaneously 

acquire the stimulus and different luminance of the background, presented by a 47-inch narrow-bezel 

transparent display (47TS50MF, LG). The circular stimulus viewing angle is about 1.35° at the 

subject’s position, and a cross mark is placed at the center of the half-mirror as a fixation point. 

Tables 1 and 2 show the parameter settings. Figures 2 (a) and Figures 2 (b) illustrate the CIE1976 u’, 

v’ chromaticity coordinates of the LED color stimuli and the detail of viewing conditions, 

respectively. 

  

Figure 1. An example of the viewing field. 

Table 1: Parameters of the afterimage experiment. 

Stimulus Color Red Green Blue Yellow White 

Background (grayscale) Black (0) Gray (128) White (255) 

Exposure time 1 s 3 s 

 

Table 2: Luminance (cd/m2) of five colors (through a half-mirror). 

cd/m2 Red Green Blue Yellow White 

Level 1 4376 7101 1308 12,031 10,365 

Level 2 18,165 29,095 5163 47,416 40,579 
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Figure 2. (a) The CIE 1976 u’, v’ chromaticity coordinates of the LED color stimuli (b) 

Illustration of the viewing conditions. 

Before starting the experiments, a 20-min dark adaptation is required. During the experiment, each 

observer is seated in front of a half-silvered mirror in a completely dark environment. An 

experimenter sitting next to the blackout system controls the display of stimuli in the same order and 

records the observer’s assessments. Twelve observers with normal vision, including seven males and 

five females, participate in each experiment. The observers are around 26 years of age. Each observer 

assesses two-fifths of the patterns twice for verification and adapt to the background for 10 s before 

the stimulus is presented. 

For measuring the afterimage duration, a Graphical User Interface (GUI) is developed to switch the 

background luminance and automatically calculate the duration, utilizing a timer to record the start 

and end times. The start time is the moment the high luminous stimulus is turned off. After the 

perceived negative afterimage disappeared, the observer is asked to click the mouse button as the 

end time. In the grading of the color difference between the afterimage and background, a series of 

color difference grayscale images is displayed with the background on the half-mirror simultaneously 

after the stimulus is presented. After 1 s and 5 s from stimulus removal, the observer have to judge 

the grayscale level and ascertain the relative color difference. The grayscale series from left to right 

are assigned as follows: level 0 to 8 for black, −4 to 4 for gray and −8 to 0 for a white background, 

respectively. The negative rating values signify the afterimage is relatively darker than the 

background. Moreover, levels 9, 5, and 1 are allowed for estimating an over bright afterimage in 

each background. The assessment of visibility is conducted by evaluating the rating scale to 

understand the impact of afterimage on visibility. The low-contrast characters appeared in 3 s at the 

center of the half-mirror as the stimulus is removed. The observers need to estimate the visibility 

with a rating level from 1 (unclear) to 8 (clear). Similar to the duration time task, two GUI 

applications are individually applied to the experiment for color difference and visibility and to 

simulate the background with grayscale and characters. 

RESULTS 

The experimental parameters and the test patterns are adopted to calculate the CIE UGR values 

following Eq. 1, where the Lb is the background luminance (cd/m2), L is the luminance of the 

luminous parts of each luminaire in the direction of the observer's eye (cd/m2), ω is the solid angle 
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of the luminous parts of each luminaire at the observer's eye (sr), and ρ is the Guth position index for 

each luminaire. Two luminance levels of five colors and the luminance of three backgrounds are 

considered as the parameters of L and Lb to calculate the UGR value, and ω is 0.001726. Because 

the observer straightly gazes at color stimuli, the parameter ρ is set as 1. Two exposure times 

inclusive of 1 and 3 seconds are discussed to investigate the relationship between the UGR values 

and the visual characteristics of afterimage, and the results are shown in Figures 3 and 4, respectively. 

The correlation coefficient of 1 second and 3 seconds is 0.72, 0.95, and -0.84, and 0.67, 0.93, -0.83 

for duration time, the color difference between the background and visual afterimage, and visibility. 

Accordingly, a similar trend is presented in both 1 and 3 seconds. The color difference between visual 

afterimage and background and visibility is highly correlated to the CIE UGR values. In contrast, the 

afterimage's duration time shows a poor correlation with the UGR value. Based on the finding, the 

visual characteristics of the afterimage can be well described by the UGR value expect for the 

duration time, which needs further studies.  
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Figure 3. The scatter plot of the correlation coefficient of 1 second for duration time, the color 

difference, and visibility. 

 

Figure 4. The scatter plot of the correlation coefficient of 3 second for duration time, the color 

difference, and visibility 

CONCLUSIONS 

In conclusion, the study explores the relationship between the visual characteristics of afterimage 

and the CIE UGR values induced by high luminance LEDs. To carry out the research, three psycho-

visual experiments are conducted to obtain the visual responses, including duration time, the color 
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difference between the visual afterimage and the background, and visibility, from the observers. The 

CIE UGR values are calculated by use of the test pattern and the experimental parameters, such as 

luminance levels of the stimuli and the luminance of the background. The results indicate that the 

color difference and the visibility of visual afterimage are highly correlated to the CIE UGR values, 

and both 1 and 3 seconds have a similar trend. However, the relationship between the duration time 

and UGR value isn’t ideal, which requires intensive study. In addition, the study suggests that the 

visual afterimage’s characteristics can be described by using the CIE URG value as a factor. 
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ABSTRACT 

The ability to stably perceive the color appearance of objects under various colored lights is 

called color constancy. Color Constancy Index (CCI) is a measure to quantify the efficacy of the 

phenomena. This index was commonly calculated based on a color space that used a physical color 

object as a reference. It varies from 0 to 1 to show poor color constancy to perfect color constancy. 

Whereas the index is usually based on a magnitude of distance shift between observation’s judgment 

and ideal value, in this study, the color appearance of color chips was investigated by using 

perception color space. In the first experiment, there were 100 persons participated. An observer sat 

in the experimental booth and judged color appearance by the elementary color-naming method for 

each of 26 color chips under 13 RGB-LED illuminations of six hues: red, yellow, green, cyan, blue, 

and magenta, plus a white light, D65. The light of each hue had two saturations, dull and vivid. In 

the second experiment, the booth was extended into test rooms and subject rooms. There was a small 

hole in a wall between those rooms. A participant sat in the subject room illuminated by White LEDs 

to see a color chip placed on a stand holder in the test room. Using this two-room technique, 

participants reported that they could perceive a color chip placed on a wall in the subject room, even 

originality it placed under the test room. As a result, color constancy was poor under yellow, cyan, 

and green light more than the others. Moreover, color constancy was usually low when the color chip 

was complementary to the colored light.  

INTRODUCTION 

 Inside our brain, there is a mechanism whose ability is to control our perception. Color constancy 

is a phenomenon that makes a human stably perceive the same color under various colored 

illuminations. This statement is applicable only when illumination is located near the white 

illumination or not vivid colored illumination.  To see the same color, researchers predicted that the 

mechanism should understand or know the color of illumination [19] in the first place. Therefore, 

lack of clue of illuminations or initial visual information (IVI) [20-21] under vivid colored 

illumination can be expected to be a poor color constancy or be difficult for the mechanism to 

understand the original surface color. 

 There were many ways to measure color constancy. The most famous method was color matching 

[22] which the participant has to match the test color to appear to be the same as the reference color, 

and in an achromatic setting [23] which the participant must adjust the test under a circumstance to 

appear to be neutral or gray. These methods were claimed to be valuable and accurate. Still, they 

required lots of time to match, and sometimes participants hardly obtained a satisfactory setting since 

there was a range in adjusting a step depending on the experimental design. Another method was 

categorical color naming. By naming color, which a participant judged what color he or she was 
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seeing allowed the researcher to expand various test color stimuli with the advantages of a fast 

tasking and familiar to human behavior. Even there was a good point. This method limited 

participant's answers by only a certain number, for example, eleven colors as the basic color naming 

[24]. 

 In the present experiment, we used elementary color naming, which is quantitative judgment and 

allowed us to study a variety of color chips under vivid color illuminations. We proposed a modified 

color constancy index which ranged from 0 to 1 as poor color constancy to perfect color constancy, 

respectively, to be appreciated to the polar diagram, which is a perceptual color space. 

METHODOLOGY 

 The first experiment done inside a room-size was 172×82×132 cm, as shown in Figure 1. The 

room was decorated with a flower vase, a picture on the wall, and a collection of books to stimulate 

a participant's daily life situation. The room was illuminated by only RGB-LED light, a Phillips 

product as Kinetics color cover MX power core model. The light was put on the left ceiling of the 

room and covered by translucent white paper to obtain a uniform illumination. In front of a subject’s 

chair, there was a small table which a rectangular paper (Munsell N6) of 33×33 cm. dimensions 

giving 22.5° arc of visual angle with a viewing distance of a subject position. A test patch which size 

was 6×6 cm. giving 5.7 °, was placed on the paper. 

 

Figure 1. Apparatus of experiment 1 

 

In the second experiment, the room was extended to be a test room on the left side in Figure 2, 

and the right room is called a subject room. The test room was illuminated by the same RGB-LED 

light, which can be changed colored light depending on illumination conditions. On the other hand, 

the subject room was illuminated by only D65 LED light. Between the test and subject room, there 

was a small square hole on the wall in which the subject sits in the subject room could see a color 

chip placed on the holding stand in the test room. This procedure is called the two-room technique, 

in which the subject adapts to only the white light, while the color appearance of color chips is not 

affected by the color light of the illumination conditions.  

There were thirteen illuminations, including white as D65, in this experiment. The illuminations 

are composed of 6 colors: red, yellow, green, cyan, blue, and magenta. There were two saturation 

steps: a dull or less vivid color light group and a high saturation color light group, as shown in Figure 

3 as connected by the dashed line and solid line, respectively. In our experiment, the illuminant was 

controlled in all lighting as 100 ± 5 lx except the B2 condition, which is limited to blue diode capacity 

in our experiment, for the B2 condition was 80 ± 5 lx. The coordinate of each light in Figure 3 was 

plotted on u’v’ graph, which is almost a uniform color space. 
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Figure 2. Apparatus of experiment 2 

 

Figure 3. Illumination conditions  

 

In Figure 4, 26 color chips were produced by Konica Minolta printer C83HC. The chips can be 

divided into three groups as 15 chips based on the Test color sample [25], which used to measure 

color constancy index as shown in a solid circle symbol, 8 chips which represented as the color gamut 

of the printer shown as an open circle symbol, and 3 chips as achromatic chips which is a square 

symbol in the figure. 

There were 100 subjects who participated in experiment 1, and 30 subjects participated in 

experiment 2. They were students from Rajamangala University of Technology Thanyaburi and had 

a normal color vision tested by Ishihara test and got a score credit in return. Before participating, 

they had taken a color vision class and were trained to judge color appearance by the elementary 

color-naming method. 

 

 

Figure 4. 26 Color chips printed by Konica Minolta C83HC 
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Every changing illumination, a subject had to adapt the light for 3 minutes. During the time, he 

or she has to look around the room without seeing the RGB-LED instrument. Each color chip would 

be placed in front of the subject’s chair on the grey paper as a background. The subject had to judge 

color appearance of color chips by assessed how much percentage of chromaticness, whiteness, and 

blackness. Then, the percentage of red, yellow, green, and blue. The second judgment was based on 

the opponent color theory. A subject could not judge red and green together, and vice versa. Totally, 

one subject had to be named 26 color chips × 13 illuminations for one repetition. A subject could 

participate in only 3-4 illuminations to prevent exhaust, not exceeding 4 hours per day, including 

relaxing time.  

RESULT 

The average result of elementary color naming can be transformed and plotted on the polar 

diagram as shown in Figure 5 and Figure 6. The color area in each figure represents color perception 

under each test illumination, while the behind area as dash area is the color perception under D65 

illumination. This figure shows that color perception under less vivid color light was not much 

different from the reference light compared to the vivid light condition. The color perception under 

the vivid case was narrow and even reversed shape in some conditions, such as Y2. 

Color constancy index was calculated based on Eq. (1-3). Ordinary color constancy index 

(OCCI) is an index measurement based on the different magnitude between a distance of color 

appearance under D65 to the appearance under the test illumination, as shown in Figure 7. While the 

hue color constancy (HCI) can be calculated as a hue angle as blur arc line compared to the red arc 

line in the same manner as OCCI. Finally, the modified color constancy index (MCCI) was calculated 

based on the multiplication of those previous indexes to show the color constancy index performance 

under test illumination. 

 

𝑂𝐶𝐶𝐼 = 1 −
𝑎

𝑏
 (1) 

𝐻𝐶𝐼 = 1 −
𝜃𝑎

𝜃𝑏
 

(2) 

𝑀𝐶𝐶𝐼 = 𝑂𝐶𝐶𝐼 × 𝐻𝐶𝐼 (3) 
      

 

Figure 5. The average result of dull color light condition group 
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Figure 6. The average result of vivid color light condition group 

 

 

Figure 7. The color constancy index in the polar diagram. 

 

 

Figure 8. The result of color constancy index under Y2 

 

a 

b 

𝜃𝑏 

𝜃𝑎 
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The example of the color constancy index result under the Y2 condition is shown in Figure 8. 

The result showed that the lowest color constancy index was around the color chip, which appeared 

to be blue. Similar results also occurred in another colored illumination. Figure 9 shows the color 

constancy index on the ordinate and light condition distance from D65 on the abscissa. The result 

showed color constancy was poor as early dropped under cyan, yellow, and green illumination more 

than the others. 

 

Figure 9. The average result of vivid color light condition group 
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ABSTRACT 

It is known that the simultaneous color contrast SCC is a phenomenon to show the chromatic 

adaptation.  Stimulus pattern of SCC is a colored field with an achromatic patch at the center. It was 

pointed out that the colored surrounding field works as an adapting color and the color appearance 

of the central gray test patch is a result of the chromatic adaptation to the surrounding color. In the 

case of paper stimulus, the test patch does not appear vivid color but if it is observed through a tissue 

paper the SCC effect is much enhanced and the central gray test patch appears vivid in color. The 

phenomenon is explained that the tissue blurs the gray test patch contours reducing the object 

recognition of the stimulus and only the colors remain to give a stronger chromatic adaptation. We 

investigate if the tissue also works for an electric display, a self-luminous display, in case of 

simultaneous color contrast. Luminance of four surrounding colors, red, yellow, green, and blue, was 

kept constant at 46, 128, 88, and 15 cd/m2, respectively, and the room illuminance was adjusted to 

10 levels ranging from 3 to 1600 lx. Subjects judged color appearance of the test and the surround 

by the elementary color naming with or without a white tissue paper. A ratio of chromaticness of test 

patch to the chromaticness of surround suddenly increased from the room illuminance 200 lx despite 

of decrease of the surrounding chromaticness. 

 

INTRODUCTION 

One of the phenomenon of color appearance is the simultaneous color contrast or SCC to 

show mechanism of the chromatic adaptation to the surrounding color, a gray test patch at the center 

appeared cyan if surrounded by red, for example. In the case of paper stimulus, the phenomenon is 

not strong and the cyan color is not vivid, but if the SCC stimulus is covered by a white tissue the 

SCC effect is much enhanced and the central gray test patch appears more vivid in color [1, 2] we 

can explain by the recognized visual space of illumination RVSI theory [3]. A subject adapts to the 

color of illumination of a space constructed over the surrounding surface [4, 5]. In the case of the 

paper stimulus, one of the major effects is the level of ambient lighting in viewing condition. But 

nowadays many researchers present stimulus by using an electronic display that is self-luminous 

which gives a stronger adaptation than object stimulus and the experiments are mostly performed in 

a dimly illuminnated room to avoid the effect of reflections of the room illumination on the surface 
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of display. We are interested if the tissue still works in the SCC effect for an electric display with 

existence of room illuminance. 

 

EXPERIMENT 

 To obtain effect of room illumination, the illuminance was changed at ten levels, 3, 6, 13, 

25, 50, 100, 200, 400, 800, and 1600 lx on the display by using six ceiling fluorescent lamps. The 

surrounding luminance was kept constant for all four colors of surrounds, red, yellow, green, and 

blue at 41.3, 124, 83.5, and 9.5 cd/m2, respectively, the central gray patch at 41 cd/m2. Their xy 

chromaticities are shown in Figure 1 for without-tissue (a) and for with-tissue (b).  

 
Figure 1. The surrounding colors under ten levels of illuminance without-tissue (a), with-tissue 

(b) (⬜ , 3 lx; 🞢, 6 lx;🞢, 13 lx; , 25 lx;▽, 50; ⚪, 100; 🞢, 200 lx; △, 400 lx; ◇, 800 lx; ⬜, 

1600 lx;, ▲, white, and r, gray 

 

 A 24.1″ EIZO LCD display was used to present the SCC stimulus. The display was placed 

horizontally on a table and was masked with black paper. The size of the surround was 23x23 cm2 

(25.9° of visual angle) and the gray patch was 3x3 cm2 (3.4° of visual angle). We use the one sheet 

of commercially available white tissue stretched flat on the frame to cover the stimulus in with-tissue 

condition, the size of the tissue within the frame was 13x14 cm2. The transmittance was constant at 

56 % for visible wavelength and the haze value was 80 %. The physical effect of a tissue is to blur 

the image and to reflect the white ceiling light toward a subject reducing the contrast of the image 

and desaturating color of the image on the display. 

Ten subjects with normal color vision participated in the experiment. Subjects were asked to 

judge the color appearance of surround and gray patch by the elementary color naming method, 

namely, to estimate chromaticness, whiteness, and blackness in percentage and unique hues, red, 

yellow, green, and blue in percentage also if there was perceived chromaticness. The judgment was 

repeated for five times in different days. 

 

RESULTS 

 Figures 2 and 3 show examples of results of red surround for subject JM and PC, 

respectively. The amounts of chromaticness at ten levels of room illuminance are shown for the 

surround in (a) and for the gray test patch in (b), open circles for the with-tissue and filled circles for 

the without-tissue. The abscissa shows the room illuminance and the ordinate the amount of 
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chromaticness. The subject JM perceived quite constant chromaticness for surrounding without 

tissue (2a), but the chromaticness clearly reduced for higher illuminance with tissue. The 

chromaticness of test patches stayed constant at all of illumination both with and without-tissue (2b). 

As we are interested in the power of surround to induce color at the test patch, we took ratio of 

chromaticness of test patch to the chromaticness of surround, and the results are shown in (2c) of 

Figures. 2 and 3, the ordinate giving the chromaticness ratio. The effect of tissue is quite apparent at 

the higher room illuminances of 200 lx in both subjects.  

 

Figure 2. a, Amount of chromaticness of red surrounding with ten levels of illuminance 

surrounding, (b) test patch. The chromaticness ratio red stimulus (c), compared between 

without tissue (=) and with tissue (⚪).  Subject, JM 

 

Figure 3. Amount of chromaticness of red surrounding with ten levels of illuminance (a) 

surrounding, (b) test patch. The chromaticness ratio red stimulus (c), compared between 

without tissue (=) and with tissue (⚪).  Subject, PC 

 

 
 

Figure 4. Amount of chromaticness of four surrounding colors with ten levels of illuminance 

compared between without-tissue () and with-tissue () 
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We averaged the results of color perception of four surrounds for ten subjects and showed 

the result in Figure 4, the chromaticness of four surrounds is quite constant without tissue, but it 

clearly decreased with tissue as the illuminance increased. Figure 5 shows the chromaticness of the 

test patches without-tissue (●) and with-tissue (○). It shows a relatively similar and relatively 

constant value of chromaticness at all the illuminance levels, except green surround, where the 

chromaticness reduces slightly higher illuminance. 

Figure 6 shows the chromaticness ratios that were obtained from Figures 4 and 5. It seems 

to be constant under room illumination level from 3-100 lx, but at the illuminances over 200 lx it 

increased, except with the green surround. Finally, their averages of all four surrounding colors are 

shown in Figure 7.     

 

 
Figure 5. Amount of chromaticness of test patch in each surrounding color with ten levels of 

illuminance compared between without-tissue () and with-tissue () 

 

 
Figure 6. Chromaticness ratio of four surrounding colors with ten levels of illuminance 

compared between without-tissue () and with-tissue () 
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Figure 7. Averaged results from four surrounding colors compared between without-tissue 

() and with-tissue ().  

 

 Finally, the apparent hue of test patch of four surrounding colors in all levels of illuminance 

is shown in Figure 8 by hue angle of test patch for the without-tissue by solid lines and for the with-

tissue by dashed lines. It is shown that the hue angle does not change for all levels of illuminance. 

And overlaps for both without and with-tissue, except the test patches of red appearance with-tissue. 

 
Figure 8.  Apparent hue changes for test patch in each surrounding color with ten levels of 

illuminance compared between without-tissue (         ) and with-tissue (         ). 

 

CONCLUSION AND DISCUSSION 

 Room illuminance did not affect the amounts of chromaticness of the simultaneous color 

contrast viewed through tissue paper. But when expressing them in the ratio of test patch 

chromaticness to surrounding chromaticness, the effect showed stronger at illuminance over 200 lx. 

We found that the ratio continued to increase from the illuminance 200 lx and beyond. Higher room 

illuminance increases the reflection of white light from the tissue surface and the subjects seen a 

reduced surrounding color through the tissue paper but still perceived the occurrence of simultaneous 

color contrast as same as without-tissue. A more reflection of the ceiling light at the stimulus reduced 

the image contrast and reduced the sharpness perception of the edges of the test patch and increased 

the color induction by the same token as the image blurring effect. 

 We can understand these results by taking account of the tissue effect of the image blurring 

and the reflection of white light. The image blurring effect reduced an object recognition of the test 

patch leaving only color or light which caused higher illuminance perception of vertical space (or 

vertical RVSI) constructed over the surface of the stimulus causing  the test patch color to appear 

more vivid. [4] 
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ABSTRACT 

The aim of this study attempts to provide an age-related computational color simulation method for 

designing industrial safety colors. Three types of age-related vision models were test to present color 

appearances of the elderly, which are CIE 2006 physiological observer (CIEPO06 model), Okajima 

model based on the transmittances of aged human lens, and Yaguchi model based on the anomalous 

trichromacy transformation to explore color changes at different ages. The 18 chromatic colors and 

6 achromatic colors on X-rite ColorChecker are adopted as the test colors. Referring to the guideline 

of the safety colors in Japanese Industrial Standards (JIS), the simulated blue colors at the ages of 20 

and 80 are judged whether they belong safety colors. 

INTRODUCTION 

 During the aging process of human beings, visual function will gradually decline, and the eyes, 

retina and visual nervous system will change, and the vision changes that are usually associated with 

age will occur in the aging process, rather than diseases. The decline in visual function also leads to 

difficulties in recognizing colors. In 2006, CIE launched a cone-shaped cell sensitivity curve model 

that takes age and different viewing angles as variables. The visible light wavelength range can be 

converted into this model corresponding to the long, medium and short wavelengths of the human 

eye [1]. Because it is aiming at simulating the physiological changes of the human eye, it is also 

known as CIE 2006 physiological observer (CIE 170-1:2006, denoted “CIEPO06”). CIEPO06 model 

quantifies the process of forming the human eye in the visual system. The red, green and blue three-

color sensitivity curves are converted into cone fundamentals sensitivity curves. The present study 

basically adopts an extension of the CIEPO06 model that was modified by Asano [2].  

 Okajima et al. adopted “two-factor model” based on the transmittances of aged human lens to 

simulate the color visions of older people [3, 4]. Because the human eye’s transmittance spectra can 

be changed by different ages, it is possible to simulate the age-dependent color visions. Because the 

initial two-factor model did not consider color adaptation mechanism, it is reasonable to perform 

perfect color adaptation in the computation of Okajima et al. to match the practical vision system 

(denoted “Okajima model”). Besides, Yaguchi et al. proposed a vision model based on anomalous 

trichromacy transformation (denoted “Yaguchi model”) [5]. In their study, it was proposed to convert 

the original CIEPO06 model into 𝑦′(𝜆) (luminance channel), 𝑟/𝑔′(𝜆) (red / green opponent color 

channel), 𝑦/𝑏′(𝜆) (yellow / blue opponent color channel). This model adopted the cone spectral 

sensitivity of the CIEPO06 model, where the equal-energy-white ratio was set to 1. Then converted 

to the tristimulus values of the opponent colors. Finally, the tristimulus values of the opponent color 

were again transformed into the tristimulus values by linear conversion. 

mailto:bridge@mail.ntust.edu.tw
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EXPERIMENTAL DESIGNS 

To evaluate the performances of the three vision models, the common conditions are described 

as follows: 2° fundamental observer (2° color matching functions) is adapted to provide a framework 

for calculating average cone fundamentals for an age between 20 and 80. Meanwhile, the spectral 

power distribution of CIE D65 illuminant was adopted to calculate the CIE tristimulus values of the 

color samples. This study designed two experiments to simulate visual changes of the elderly. 

Experiment 1 named “Designing safety color (chromatic colors)”. The 18 chromatic colors of X-

Rite ColorChecker color chart, which numbered in order from No.1 to No.18, were adopted as the 

experimental samples (Figure 1). The CIE tristimulus values of the 18 color samples were computed 

according to the age-related CMFs derived from the three vision models. Furthermore, CIE u' v' 

chromaticity values with the ages of 20 and 80 were plotted to analyze chromaticity directions and 

color differences. The JIS safety color drawn on CIE u’v’ chromaticity diagram is shown in the gray 

regions of Figure 2, which includes the colors of red, orange, yellow, green, blue, purple and 

achromatic colors [6]. The experimental procedure of Experiment 1 is described as follows:  

Step 1: Calculate CIE tristimulus values of the 18 chromatic samples for the 3 test vision models. 

Step 2: Transform into CIE u’v’ chromaticity values and CIE L*a*b* values of the chromatic samples 

at the ages of 20 and 80. 

Step 3: Plot the chosen chromatic samples on CIE u’v’ chromaticity diagram to judge whether they 

locate inside the safety color area according to the guideline of JIS safety color. 

Step 4: Compute color differences between the ages of 20 and 80 for the chromatic samples using 

the 3 vision models respectively. 

Experiment 2 named “Designing safety color (achromatic colors)”. It is hoped to understand 

whether color adaption mechanism is designed in the 3 test vision models by means of the 

computation for a series of achromatic colors. Totally 6 achromatic colors of X-Rite ColorChecker 

color chart, which numbered in order from No.19 to No.24, were adopted as the experimental 

samples (Figure 1). The reflectance spectra of 6 achromatic colors were measured through the 

spectrophotometer (X-Rite i1 Pro2). The experimental procedure is similar to Experiment 1, and it 

is described as follows: 

Step 1: Calculate CIE tristimulus values of the 6 achromatic samples for the 3 test vision models. 

Step 2: Transform into CIE u’v’ chromaticity values and CIE L*a*b* values of the achromatic samples 

at the ages of 20 and 80. 

Step 3: Plot the chosen chromatic samples on CIE u’v’ chromaticity diagram to judge whether they 

locate inside the safety color area according to the guideline of JIS safety color. 

Step 4: Compute color differences between the ages of 20 and 80 for the achromatic samples using 

the 3 vision models respectively. 
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Figure 1. X-Rite ColorChecker         Figure 2. Chromaticity ranges of JIS safety colors. 

RESULTS AND DISCUSSIONS 

The CMFs simulation result of CIEPO06 model ranging the ages of 20 to 80 is shown in Figure 

3. It indicated when the age becomes higher, the spectral curve tends to move slightly towards the 

longer wavelength. Furthermore, two kinds of experiments are designed in this study as following: 

 

Figure 3. Color Matching Functions of CIEPO06.  

Experiment 1: Designing Safety Colors (Chromatic Colors) 

This experiment attempts to determine whether the chromatic color samples are within the safety 

color range. Figure 4 shows the chromaticity plots of the 16 color samples via CIEPO06, Okajima, 

and Yaguchi models. Note that the predicting colors corresponding to 20-year-old and 80-year-old 

are represented by the arrows. The arrow directions in the figure represent the chromaticity tends 

from 20-year-old to 80-year-old for three age-dependent vision models. The results indicated that the 

three models have similar trends of the overall u’ v’ chromaticity shifting directions from 20-year-

old to 80-year-old are counterclockwise. Notice that most colors in Yaguchi model have a little blue 

shift. 
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(a)                                                     (b)                                                     (c)  

Figure 4. Chromatic color shifts (No.1~No.18) between 20 and 80 years old: (a) CIEP006 model, (b) 

Okajima model and (c) Yaguchi model. 

 

Experiment 2: Designing Safety Colors (Achromatic Colors) 

The 6 achromatic color shifts between 20 and 80 years old for the 3 test models are shown in 

Figure 5. The results indicated that the slight color shifts of CIEPO06 model and Okajima model are 

found within the JIS safety color range. However, the achromatic color tracks of Yakuchi model are 

located outside the JIS safety color range.  

Table 1 lists the color differences (ΔE00) between 20 years old and 80 years old, which is used 

to evaluate the chromatic colors and achromatic colors of ColorChecker using the test color vison 

models. For 18 chromatic colors, CIEPO06 model achieved the minimum color difference (mean 

ΔE00=0.3), while Okajima model achieved the maximum color difference (mean ΔE00=7.9). The 

achromatic color also has a similar tendency. For 6 achromatic colors, CIEPO06 model achieved the 

minimum color difference (mean ΔE00= 0.2), while Okajima model achieved the maximum color 

difference (mean ΔE00=7.0). 

 
(a)                                                       (b)                                                      (c)  

Figure 5. Achromatic color shifts (No.9~No.24) between 20 and 80 years old: (a) CIEP006 model, (b) 

Okajima model and (c) Yaguchi model. 
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TABLE 1. Color differences of ColorChecker (20 years old vs. 80 years old). 
 

 18 chromatic colors 6 achromatic colors 

ΔE00 

Model 
Mean 

Standard 

deviation 
Mean 

Standard 

deviation 

CIEPO06 model 0.3 0.1 0.2 0.1 

Okajima model 7.9 1.6 7.0 2.3 

Yakuchi model 4.6 1.8 1.8 0.6 

 

The color conversion algorithm was applied to perform coloring the university badge of Taiwan 

Tech (termed “Badge”) at the ages of 20 and 80. Here, the assigned color was selected to No.13 

(blue) of the ColorChecker. The simulation results using the three vision models are arranged in 

Table 2. It can be seen that the colors simulated by CIEPO06 model is relatively close to the reference 

color of ColorChecker, which were redrived from CIE 1931 2-degree CMFs and approximately 

responds to 32 years old of CIEPO06 model.  

The Badge’s color at the age of 20 using Okajima model was similar to that of CIEPO06. 

However, both colors at the age of 80 are quite different. Okajima model produced darker blue than 

CIEPO06’s one at the age of 80. Besides, Yakuchi model resulted in more vivid blue appearance at 

the age of 20 and 80 among the three models. Consequently, for the Badge’s coloring results, the 

color difference values (ΔE00) between 20 years old and 80 years old are 0.3 for CIEPO06 model, 

14.1 for Okajima model, 6.1 for Yakuchi model. 

CONCLUSIONS 

This study provides an age-related computational simulation method to design indusial safety 

colors, and discussed color appearances using different age-related vision models. Three types of 

vision models are tested to present color appearances of the elderly, which are CIE 2006 

physiological observer (CIEPO06), Okajima model based on the transmittances of aged human lens, 

and Yaguchi model based on the anomalous trichromacy transformation. The 18 chromatic colors 

and 6 achormatic colors on the ColorChecker are discussed as test colors. Two types of experiments 

are designed to compare the predicting colors between 20 years old and 80 years old. Referring to 

the guideline of the safety color in Japanese Industrial Standards (JIS), the chromatic colors and 

achromatic colors are tested to analyze the color changes between the young and elderly people. It 

can be thought that the age-related Color Matching Functions (cone fundamentals) possibly affect 

color appearances at different ages. CIEPO06 model model has introduced highly perfect color 

adaptation mechanism to compensate the visual system due to the brightness of color changes of age 

factors. Consequently, CIEPO06 can be regarded as an appropriate age-dependent vision model 

applying to design industrial safety colors. 
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Table 2: Examples of university badge’s coloring/ 

 (Blue of ColorChecker, No.13) 

ColorChecker Blue 

(32 years old) 

 

Age Model 20 years old 80 years old 

CIEPO06 

  

Okajima model 

 

 

Yaguchi model 
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ABSTRACT 

The simultaneous color contrast was investigated with two different devices, a printed paper, 

an electronic display. In all two devices a stimulus was made of a small gray patch surrounded by a 

color. The color appearance of the gray patch was measured by the elementary color naming method, 

namely amounts of chromaticness, whiteness, and blackness in percentage, and amounts of four 

unique hues, red, yellow, green, and blue, in percentage. Stimulus conditions such as chromaticities, 

luminance and sizes are made similar between the two devices. Results showed that the color 

appearance of the gray patch was most vivid with the electric display and the paper which gave the 

least amount of chromaticness. The results indicate that the simultaneous color contrast phenomenon 

is device dependent. 

INTRODUCTION 
Simultaneous color contrast is a phenomenon that occurs when one color is influenced by a 

surrounding color. The color changes both in hues and brightness. In the case of brightness change 

it is called simultaneous brightness contrast.  Many researchers used the simultaneous color contrast 

to investigate how our visual mechanism works. [1-4] A concept of recognized visual space of 

illumination RVSI proposed by Ikeda [5] asserts that the chromatic adaptation takes place to the 

illumination of the space where the simultaneous color contrast experiment is done. The most 

common and traditional pattern is a paper stimulus as demonstrated on textbooks [6, 7], which we 

call object color mode experiment. Currently, many researchers employed electric display, with 

which they can manipulate stimulus easily and present complicated patterns to meet various 

experimental conditions [1, 2, 8]. The previous studies on the topic suggested that the simultaneous 

color contrast is device dependent. [9,10] However, in this experiment, the size and luminance of the 

stimuli were not precisely controlled. And we noticed that the environment light was not same. In 

the electronic display subjects judged the simultaneous color in a dark room while in the printed 

paper they did in the bright room. In the present study we aim to demonstrate whether the color 

appearance of the simultaneous color contrast is device dependent under precise control of 

chromaticities, luminance and size of stimuli and of the room illuminance. Two devices are 

investigated printed papers and an electronic display. This study is important because as in the 

printing industry or graphic design, proof of the color is normally done on a monitor instead of paper. 

However, the final reproduction will be on the paper or other materials which found that they were 

often disappointed by the colors that are produced. 
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EXPERIMENT 
 

Table 1. Chromaticities and luminance 

Surround 

Colors/test 

patch 

Paper Display 

Y u′ v′ Y u′ v′ 

Gray 83 0.193 0.492 84 0.193 0.489 

Red 47 0.357 0.519 48 0.359 0.518 

Orange 86 0.277 0.538 86 0.276 0.540 

Yellow 197 0.203 0.557 198 0.203 0.551 

Greenish 

yellow 
110 0.173 0.549 111 0.174 0.548 

Green 52 0.141 0.535 52 0.141 0.534 

Cyan 70 0.142 0.416 70 0.146 0.416 

Blue 23 0.160 0.385 21 0.162 0.380 

Purple 28 0.251 0.419 27 0.251 0.415 

Gray 

patch 
99 0.192 0.419 99 0.194 0.491 

 

A common stimulus for the simultaneous color contrast experiment was prepared. There is a large 

colored field with a small gray patch at the center as shown on the left of Figure 1. Surrounds were 

made of nine colors and one color for the gray patch. The chromaticites u′v′ and luminance Y were 

controlled almost the same between devises as shown in the table 1.   

The surrounding colors were printed on the matt paper 230 g/m2 by digital printing. The gray 

patch was printed by the same printer but on a matt paper 210 g/m2 to avoid the shadow while putting 

it on the surrounds. The size was 31🞩44.5 cm (34.5° 🞩48°) and gray patch was 4🞩4 cm (4.6° 🞩4.6°), 

when viewed at the distance 50 cm. 

The EIZO LCD display 27inches, model: ColorEdge CX271, Color mode sRGB, CCT 5500K 

was employed in the experiment. 

Figure 1. Simultaneous color stimulus, surrounding colors and a gray test patch 

Procedure 

The color appearance was judged by the elementary color naming method. That is to estimate the 

amounts of chromaticness, whiteness, and blackness in percentage, and the apparent hue by the 

amounts of two or one unique hues also in percentage, where that red and green and yellow and blue 

cannot be answered at the same time. The stimulus was presented in the experimental room 

(110🞩215🞩200 cm), where the illuminance was kept constant at 900 lx, chromaticities at x = 0.339, 

y = 0.377, and CCT at 5500K both in the paper and display conditions. The viewing distance was 50 

cm. When a stimulus was presented, a subject adapted to the surrounding field for about one minute 

and judged the color appearance of the surround, and then the central patch. Nine surrounding colors 
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were pseudo-randomly presented. The judgement was repeated for 3 times on different day or time. 

Figure 2 shows the atmosphere of the experiment. 

Participants 

Three subjects, CP, MI and JM participated in the experiment. The age range is from 25 to 88 

years old. CP and JM were Thai females and MI was a Japanese male. They were experienced subject 

and have a normal color vision checked by 100 hues test and Ishihara test.  

 

 

Figure 2. Simultaneous color pattern, surrounding colors and gray patch 

RESULT AND DISCUSSION 

Figure 3. The results of the surrounding colors compared between printed 

paper and electronic display. 🞢; printed paper, △; electronic display 

The color appearance of surrounding colors is plotted on a polar diagram used in the opponent 

colors theory. The unique red and green appearance are taken along the horizontal direction, red 

being positive and green negative and unique yellow and blue along the vertical direction, the former 

being positive and the latter being negative. The distance from the origin along the radial direction 

gives the amount of chromaticness, the circumference giving 100% of the chromaticness.  Apparent 

hue is expressed by the angle from R-axis in the counterclockwise direction and it is determined by 

the ratio of amounts of unique hues. Upper three graphs in Figure 3 show the mean results within 
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individual subject, CP, MI and JM and the bottom diagram is there. Open circles show the results of 

printed paper condition and open triangles show for electronic display condition. The amount of 

chromaticness of the surround is almost same in all surrounding colors, but the apparent hue showed 

difference.  There is no difference in red, greenish yellow, cyan, blue, and purple, but in orange, 

yellow and green there is found difference. Before seeing the difference, the apparent hue angle was 

defined as the angle of a line connecting the origin of the graph to the concerned point measured 

from R axis. Then △θ was obtained by (θdisplay - θpaper) and the results are shown at the last 

column of the table attached in Fig. 4. Orange, yellow, green gave large values of △θ.  

Figure 4. Hue difference △θ (θdisplay−θpaper). 

Figure 5. The standard deviation among 3 subjects for apparent color surrounding 

Figure 5 shows the standard deviation among subjects for color appearance of surrounds. SD in 

the case of paper is smaller than that in the case of display to imply more difficult to judge the color 

on display. In other words, the color appearance on papers is more stable than on display, a self-

luminous surface. 

The upper figure of Figure 6 shows by dotted contours the mean result of simultaneous color 

contrast of gray test patch under 8 surrounding colors in the case of paper in each subject (the gray 

surround is not shown). The solid contours show the color appearance of test patch in the case of 

display. The illustration shows much difference in the amount of chromaticness between the 

electronic display and the paper stimuli. The amount is much larger in the display, implying device 

dependency. There is also seen difference among individuals. Particularly the contours of the subject 

MI, who is the oldest, are very small compared with other subjects, particularly with the subject JM 

who is the youngest among three subjects. When MI and JM started to look at the display at the same 

instance the subject JM immediately perceived a vivid color at the gray test patch, but MI did not 

perceive color at all or had to wait for a while until to perceive slight color. The effect of the age on 

the simultaneous color contrast effect should be investigated more in the future. The bottom figure 

of Fig. 6 gives the mean result of the three subjects. The colored lines connect points of same color 
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pairs. For example, the red colored line connecting  the solid contour to the dotted contour indicates 

the color appearance of simultaneous color contrast of gray test patch when it is surrounded by red 

color and the line locates in the cyan area(area between unique green and blue).The fact that these 

lines do not necessarily converge to the origin in the graph indicates that the apparent hues of the test 

patch are not necessarily same in the paper stimuli and the display stimuli, again implying the device 

dependency. Disagreement of apparent hues between the display and the paper is also shown by 

variance in △θ defined as (θdisplay−θpaper), which is shown in Table 2.  

Figure 6. The results of the simultaneous colors contrast compared between printed paper; 

dotted line and electronic display; solid line 

 

Table 2. Hue difference △θ (θdisplay−θpaper) of gray test patch inducted 

 θ 

Display 

θ 

Paper 

Δθ 

dis-pa 

Gr 0 0 0 

R 233.5 238 -4.5 

Or 248 256 -8 

Y 284 296.5 -12.5 

GY 309.5 305.5 4 

G 319.5 320.5 -1 

C 61 78 -17 

B 81 44 37 

P 124 121 3 
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Figure 7. Color appearance variances among 3 subjects of gray test patch inducted 

 

The results of this experiment agree well with the phenomenon adapting and adapted color, 

which was explained by RVSI theory. It said that the simultaneous color contrast is a mechanism of 

chromatic adaptation to illumination of a space.[11] Figure 7 shows the color appearance variances 

among subject for simultaneous color contrast at gray test patch. There are three points with same 

symbols that correspond to the three subjects. Colors of the symbols indicate the surrounding colors 

and large filled circles with colors indicate the color appearance of the surrounds. It is seen that the 

variance among subjects is larger in display. 

CONCLUSION 

We conclude that the simultaneous color contrast demonstrated under printed paper and electronic 

display were device dependent. The chromatic adaptation works strongly with the electronic display. 

To the electronic display subjects recognized the color of light stronger than to the paper even though 

the physical colors were kept same in both devices. On the other hand, the subjects recognized the 

paper stimuli as objects, not light and the chromatic adaptation did not work strongly.  

In the printing industry they do proofing the printed color mostly through the display (soft proof). 

The most important process to set the color proofing is called Color Management System [12] which 

assumes the device independence. Our results confirmed that our color appearance is device 

dependent but cannot draw the systematic conclusion at the moment we need to do further experiment 

by investigating more factors such as the proper luminance of color which give the lowest device 

dependent. 
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ABSTRACT 

 It has been considered that anomalous trichromats possess longer or shorter wavelength-shifted 

photopigments instead of normal L- or M-photopigments. The amount of the cone sensitivity shift 

would correspond to the severity of color deficiency. Yaguchi et al. (2018) developed a cone 

sensitivity-shift model that assumes spectral sensitivity shifts in the L and M cones of the color vision 

deficiencies. This study investigated whether the cone sensitivity-shift model can predict the 

perceptual color difference of color vision deficiency. We conducted experiments to evaluate the 

appearance of color-patch pairs by observers with color vision deficiencies. Twenty protan or deutan 

observers evaluated the color discrimination of color-patch pairs under white illumination with the 

correlated color temperature of 5000K. The stimuli consisted of twenty color pairs with different 

degrees of discrimination difficulty. We tested conditions with the naked eye and the five types of 

color-correcting glasses with different spectral transmittances. Observers rated the difficulty of color 

discrimination using a 10-point scale. The discriminability of some color pairs was improved using 

color-correcting glasses, and others were not. We calculated the chromaticity difference, luminance 

difference, and color difference for all color pairs predicted by the cone sensitivity-shift model. Then, 

we analyzed the correlation between the observer's score and those predicted differences. The 

evaluation data showed the highest correlation with the chromaticity difference, whereas it showed 

little correlation with the luminance difference. Our results suggest that the chromaticity difference 

based on the color-shift model can considerably predict the color discrimination of color vision 

deficiency. 

INTRODUCTION 

It has been considered that anomalous trichromats possess longer or shorter wavelength-shifted 

photopigments instead of normal L- or M-photopigments. The amount of the cone sensitivity shift 

would correspond to the severity of color deficiency. Yaguchi et al. proposed a computational 

simulation of the color appearance for anomalous trichromats assuming spectral sensitivity shifts in 

the L and M cones of the color vision deficiencies using the spectral absorbance of cone pigments 

based on the CIE 2006 XYZ tristimulus values (from now on called the cone sensitivity-shift model) 

[1, 2]. It employed the low-optical density spectral absorptances of the pigments and the peak optical 

densities of L-, M-, and S-cones defined in the CIE 170-1 [2], assuming a standard adaptation 

condition, such as an equal-energy white. This study investigated whether the cone sensitivity-shift 

model can predict the perceptual color difference of color vision deficiency. We also examined the 

effectiveness of the color-correcting glasses, which were developed to overcome the limitations of 

color vision deficiency. 
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EXPERIMENT 

To quantify the predictability of the cone sensitivity-shift model and verify the effect of color-

correcting glasses, we conducted experiments to evaluate the appearance of color-patch pairs by 

observers with color vision deficiencies. In the experiment, an observer with or without color-

correcting glasses judged the discriminability of the color-patch pairs under white illumination. 

Methods 

The experiment was conducted in an environment illuminated by a white LED light stand 

(Yamada Shomei Co., Ltd. Z-208PROB) with an illuminance of about 500 lx and a correlated color 

temperature of about 5000 K (Ra = 97). The relative spectral power of the illumination is shown in 

Fig. 1. 

 

Figure 5. Relative spectral power of the illumination 

We tested five types of commercially available color-correcting glasses (glasses A-E) with 

different spectral transmittances, as shown in Fig. 2. For glasses E, observers selected the appropriate 

glasses from among ten levels of glasses with different spectral transmittance (Fig. 2 (b)). 

   
 

Figure 6. Spectral transmittance of color-corrective glasses   

 
Stimulus 

We made the stimuli consisted of twenty color pairs with different degrees of discrimination 

difficulty for observer evaluation as shown in Fig. 3 (a) PCCS: easily confused color [3], (b)-1 Color 

Universal Design: easily confused colors [4], (b)-2 Color Universal Design: easily identifiable colors 

[4], (c) black and red, (d) Japanese Industrial Standard: safety color [5]. The chromaticity coordinates 

of color patches are shown in Figure 4. 
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Figure 4. Chromaticity coordinates of color patch on CIE1931 xy chromaticity diagram   

(See Fig. 3 for numbering) 
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Figure 3. Color-patch pairs for evaluation 
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The pair of color patches were attached to the center of a gray mount as shown in Fig. 5.  

 

Figure 5. Examples of color-patch pair 

Procedure 

Observers evaluated the discriminability of color-patch pairs on the desk with the naked eye and 

the five types of color-correcting glasses (glasses A-E) by using a 10-point scale (1, not 

discriminable; 5, discriminable; 10, very discriminable). 

 

Observers 

Twenty observers (nineteen males and one female) took part in the experiments. Their color 

vision type was classified based on several tests, including an Ishihara test, SPP, PANEL D15. They 

were sixteen deuteranopes (deutan), three protanopes (protan), and one observer with an unknown 

color vision type. Therefore, we analyzed the results of nineteen observers whose color vision type 

was identified.   

 

RESULTS AND DISCUSSION 

Fig.  6 shows the average scores of (a) sixteen deutan observers and (b) three protan observers for 

each color-patch pair. The scores were highly variable depending on the color-patch pairs or the type 

of color vision. Also, the discriminability of some color pairs was improved using color-correcting 

glasses, while others were not.  

Fig. 7 (a)-(c) shows the correlations between the score with no glasses of sixteen deutan observers 

and the model predictions calculated from the simulations of deuteranomaly with M cones shifted 

by a wavenumber of 500 cm-1 (D (M-500)) as the moderate intensity of deutan. Fig. 7 (d)-(f) shows 

the correlations between the score with no glasses of three protan observers and the model predictions 

calculated from the simulations of protanomaly with L cones shifted by a wavenumber of 500 cm-1 

(P (L+500)). The model-predicted chromaticity difference, luminance difference, and color 

differences of the color-patch pairs were calculated. CIELUV based on the CIE 2006 XFYFZF 

tristimulus values is not defined formally, but we used it for convenience. 

 The black dashed line shows the linear approximation line, and the upper R2 shows its coefficient 

of determination. The results of both deutan and protan showed the highest correlation with the 

chromaticity difference, whereas it showed little correlation with the luminance difference. The 

results for glasses showed the highest correlation with chromaticity difference, except for glasses D, 

which showed the highest correlation with luminance difference. Moreover, the solid red line in Fig. 

7 shows the quadratic approximation curve, and the lower R2 shows its coefficient of determination. 

In all conditions, the coefficient of determination of the quadratic approximation was slightly better 

than that for the linear approximation.  
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(a) Deutan 

 
(b) Protan 

Figure 6. The average score for each color-patch pair. Error bar shows standard deviations 

 The results suggest that people with color vision deficiency discriminate colors based on 

chromaticity differences. The chromaticity differences based on the cone sensitivity-shift model 

could predict color discrimination of color vision deficiency. The low correlation between the model 

prediction of luminance differences and the score assigned by the observers suggested that the 

observers were unlikely to discriminate colors based on luminance differences. Since this result is 

not consistent with the commonly known results that luminance is an important cue for 

discrimination for color deficiency, we need further investigation under a condition controlling 

luminance carefully. Additionally, the discriminability of some color pairs was improved using 

color-correcting glasses, while others were not, probably because the color-correcting glasses cut 

some wavelengths of the color-patch pair. However, factors such as the individual difference in the 

optical density of photopigment and the different adaptation states to various illumination colors 

could also influence the results of the simulation and should be considered for a more precise 

simulation. 
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(d) (e) (f) 

Figure 7. The correlations between the score results for no glasses and the model predictions 

of deutan (a-c) and protan (d-f)  

 
CONCLUSION 

 Although we need further investigation, our results suggest that the chromaticity difference based 

on the color-shift model can considerably predict the color discrimination of color vision deficiency. 

Also, it is important to consider the reflectance of patches, the transmittance of glasses, and cone 

sensitivity and their combination for the discriminability of color deficiency. 
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ABSTRACT 

The quality of citrus fruits is often based on the color or appearance on the surface of the fruit. 

Assessment or classification of citrus fruit quality is usually done manually by human labor which is 

done visually using the sense of sight. This method has several limitations, one of which is operator 

subjectivity which can be caused by differences in their knowledge, abilities, and fatigue. This study 

aims to classify fruit quality using digital image processing methods and Artificial Neural Networks 

(ANN) with backpropagation architecture. Quality assessment of citrus was done using components 

or color parameters and defects on the surface of citrus fruits. Siamese oranges (Citrus nobilis) with 

various grades of quality were used as samples consisting of 80 fruits, 60 of which were used as 

training samples, while the rest were used for testing. All samples were taken from plantations 

located in Jatinom, Klaten. Samples were divided into three classes according to the quality standards 

regulated in SNI 3165:2009, which are superclass, class A, and class B. Fruit images were taken 

using a Logitech C525 webcam installed in the Color Assessment Cabinet (CAC) and a D65 18W 

light bulb as a source lamp. Digital image processing and ANN were created and run using MATLAB 

software. The results showed that the parameters of the defect area and entropy had high correlation 

interpretation (r=0,6 – 0,8), and color component a* (from the L*a*b* color space) had sufficient 

correlations (r=0.4 - 0.6) to be used in the classification of citrus fruit quality. The ANN consists of 

3 inputs (parameters with sufficient correlation), 18 hidden layer neurons, and 3 outputs (super 

quality, class a, and class b). The accuracy results are 91.67% in the training/validation process, while 

in the testing process gets an accuracy of 75%.  

INTRODUCTION 

 Orange (Citrus L.) is one of the largest commodities in Indonesia. According to [1],  oranges 

were the commodity with the third-largest production volume in 2017, with a total of 2,165,189 tons. 

The total harvest in 2017 was  150,978 tons,  7.5% higher than the previous year. The quality of the 

fruit is often based on the color or appearance on the surface of the fruit. Author [2] stated that color 

is still the main quality parameter in determining oranges consumer’s demand.  

 The main problem of postharvest processing of citrus observed by [3] is the quality based on 

external appearances such as texture, color, and size. Assessment or classification of citrus fruit 

quality is usually done manually by human labor which is done visually using the sense of sight. This 
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method has several limitations, one of which is operator subjectivity which can be caused by 

differences in their knowledge, abilities, and fatigue. 

 From these problems, a classification method that can distinguish the quality of citrus fruits with 

color and appearance parameters non-destructively is needed. The image processing method is one 

way that can be used to identify quality by assessing the area of physical disability and the size of 

citrus fruits. According to [4], image processing and artificial neural networks can improve the fruit 

quality classification process according to the established standards. An artificial neural network is 

used as a system that is expected to be able to recognize differences in quality based on image features 

resulting from image processing. According to [5], using image processing techniques, uniform 

classification results will be obtained. This study aims to classify fruit quality using digital image 

processing methods and Artificial Neural Networks (ANN) with backpropagation architecture. 

MATERIAL AND METHOD 

Sample Preparation  

Siamese oranges (Citrus nobilis) with various grades of quality were used as samples consisting 

of 80 fruits, 60 of which were used as training samples, while the rest were used for testing. All 

samples were taken from plantations located in Jatinom, Klaten from September to December 2020. 

Samples were divided into three classes according to the quality standards regulated in SNI 

3165:2009, which are superclass, class A, and class B. The classification was carried out by people 

who have the knowledge and experience needed to determine the quality of citrus fruits.  

Image Acquisition and Processing  

Quality assessment of citrus was done using components or color parameters and defects on the 

surface of citrus fruits. Fruit images were taken using a Logitech C525 webcam installed in the Color 

Assessment Cabinet (CAC) with a resolution of 640x480 pixels and a D65 18W light bulb as a source 

lamp. The material used as the background for sampling is dark blue cardboard. The choice of 

background color in image capture is very influential on whether or not the image is clear to be 

processed. The selected background color should contrast with the sample color so that it is easy to 

distinguish. According to Widodo, et al (2018), the blue background has a color value that is quite 

contrasting with oranges so that it can facilitate the segmentation process. The sample image was 

taken three times on each side (top, side, and bottom). Digital image processing and ANN were 

created and run using MATLAB software. The data obtained were the image's color components  

(RGB, L*a*b*, and HSV), the image texture components (contrast, correlation, energy, 

homogeneity, and entropy), and the area of defects in the sample image.  

The defect was detected using texture feature analysis, such as contrast, energy, homogeneity, 

and their correlation values. A grayscale image which was then adjusted for intensity to highlight the 

defect area in the sample to facilitate the segmentation process was used in the analysis. The result 

of the segmentation process was a binary image, showing the area of the defect in the sample. The 

defect area was compared with the sample area, resulting in a percentage of the defect area in the 

sample. 

Sample dimension was measured by calibrating the pixel length of the image. Calibration was 

carried out to obtain a pixel constant so that it can be converted into millimeters (mm). The results 

were then grouped based on the size and level of citrus defects following the SNI 3165:2009 and 

then used as a  reference because at this stage the calculation and analysis of the accuracy of 

measurements using an artificial neural network have not been carried out. 

Artificial Neural Network (ANN) 
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The ANN architecture was developed using Matlab software and the neural network toolbox. 

Backpropagation, which consists of three stages, i.e.,  the provision of input patterns during the 

training process, the backpropagation process from errors, and setting the weighting value, was used. 

The weighting value was based on the quality parameters that have been determined in the previous 

stage. Mean Squared Error (MSE) was chosen for evaluating the ANN architectural design. The 

training process was carried out to train the artificial neural network to be able to identify differences 

in the quality of each sample. The training variables were hidden neurons, learning rate, momentum 

constant, epoch, and activation function. The determination of hidden neurons/layers was based on 

the number of input neurons and output neurons. Validation was done by comparing the results of 

the artificial neural network architecture training in which the highest and consistent accuracy was 

then used to predict the sample image. The level of accuracy was the percentage comparison between 

the number of objects that match reality with the total number of objects tested. Artificial neural 

testing was carried out using different samples with the training and validation process of ANN 

because the network had not yet recognized the new sample so that the classification of the network 

test was not influenced by the reading of the previous sample. The ANN testing process was the final 

quality classification process to determine the level of accuracy of the citrus quality classification 

from the network that has been made. 

RESULTS AND DISCUSSION 

Image Processing and Features Extraction  

The image that has been obtained is an RGB image, which needs to be converted into a Grayscale 

image (Figure 1.a) to perform texture analysis using the Gray-Level Co-occurrence Matrix (GLCM) 

method and an HSV image (Figure 1.b-d) for threshold and conversion functions to a binary image, 

before returning it to the original color (Figure 1.e). The extraction process was then carried out to 

obtain the value of a component in the image that can be used to identify characteristics or patterns 

in the image. In this process, the components that be used for the identification process were the 

color component values of red, green, blue, hue, saturation, value, L*, a*, and b*. In addition to the 

color component, the value of texture features was also needed composing of contrast, correlation, 

energy, homogeneity, and entropy. 

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

Figure 1. Image Segmentation and Processing. (a) Hue; (b) Saturation; (c) HSV; (d) Post-

binary conversion segmentation image; (e) Final image  

At the first trial, samples were classified based on their defect area and diameters, using image 

processing only, without combination with ANN. All image feature extraction results from the top, 

bottom, and other sides were averaged. From the results of image processing using MATLAB, the 

average value of extraction data and the results of quality classification were obtained. Based only 

on appearance using the above method, the accuracy value was 65%, therefore, cannot provide high 

accuracy results. Several things may affect the accuracy level of the detection of the defective area 

in the sample. One of them was the way of segmenting the defect area in the sample. From Figure 2, 

it can be seen that the segmentation results cannot detect the defect area as expected, resulting in the 

detection of a smaller defect area than it was (Figure 2.a-b) or vice versa, the defect area exceeded 

the actual defect area (Figure 2.c-d). 
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                    (a)                     (b)                     (c)                      (d) 

Figure 2. Defect Area Segmentation.  (a) Real image sample 1; (b) Detected defect area 

sample 1; (c) Real image sample 2; (d) Defect area fault detection sample 2 

 

A correlation analysis between image parameters and the quality level of the fruit was conducted 

to determine which parameters will be used as ANN input. The results of the correlation test were 

obtained with the highest correlation and significance values in three parameters, including defect 

area, entropy, and a* value, respectively, with a rdefect area = 0.618, rentropy = 0.608, and ra* value = 0.411, 

all three with a value significance 0.00. These three parameters were then used as input in the ANN 

in the next steps.  

Artificial Neural Network Architecture 

The ANN was constructed using a backpropagation training algorithm. The first step in the 

preparation of the ANN was to determine the value of the output target on the network. The training 

target was made with a combination of binary numbers (0 and 1) two combinations with three quality 

class outputs. The network was typed with the command syntax as follow 

Net=newff (PR, [S1 S2… Sn], {TF1 TF2… TFn}, BTF, BLF, PF)   (1) 

where Net is the name of the backpropagation network; PR is a matrix of order R x 2 containing the 

max and min values of R for the input elements; Sn is the number of layers in the nth unit; TFn as an 

activation function used in the nth layer (default=tansig); BTF is a network training function 

(default=traingdx); BLF is a weight/bias change function (default= learngdm), and PF is a calculation 

error (default = MSE). 

In determining the training function, experiments were carried out with five different functions, 

namely traingd, traingda, traingdm, traingdx, and trainrp. Of the five functions, the trainrp function 

produced the lowest MSE value (MSE=0.155, the highest is traingd 0.209). In determining the 

number of hidden layers, experiments were carried out on the number of 10 up to 34 hidden layers 

with multiples of two. The results of determining the hidden layer with the lowest MSE value criteria 

were produced with a total of 18 hidden layers (MSE = .0.112, the highest 28 layers 0.140). Learning 

rate (lr) is a variable that can be changed which has implications for the size of the learning step, 

while the momentum constant (mc) is a weight change based on the direction of the last gradient 

pattern and the previous pattern. The determination of the lr and the mc was carried out at a value of 

0.10 to 0.90 with an interval of 0.05. Learning with the lowest MSE value was obtained at 0.45 

(MSE=0.107, the highest rate was 0.90 at 0.152). while mc with the lowest MSE was at mc 0.45 

(MSE=0.113, the highest was at mc 0.25 at 0.166). The epoch or the number of iterations aims to 

reduce the MSE value if it is still large enough by increasing the iteration limit, set from 1000 to 

8000, with the lowest MSE value at epoch 5000 (MSE=0.06). The final step in compiling the network 

was to determine the combination of neuron activation functions in the artificial neural network using 

the components that have been obtained previously, namely the trainrp training function, 18 hidden 

layers, a learning rate of 0.45, a momentum constant of 0.45, and an epoch of 5000 iterations. The 

activation functions tested were tansig, logsig, and purelin with a total number of combinations of 

27 trials, with the best combination of activation functions at tansig-tansig-logsig (MSE=0.026, the 

highest tansig-tansig-tansig 0.764). 
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Validation and Testing  

Validation is the process of measuring the level of network accuracy that has been made on the 

input data. Validation was carried out to determine the level of network learning and the introduction 

of quality classes from training data which will be used as a network in the testing process. The level 

of accuracy was measured by comparing the output value generated by the network with the target 

network. The validation results are shown in Table 1. The results of the artificial neural network 

validation test in this study were 91.67%. 

Table 1. Classification Results of Trained Samples  

Grade  
ANN-based Classification Sample 

number 

Correct 

classification 

Accuracy 

(%) Superclass Class A Class B 

Superclass 19 1 0 20 19 95.00 

Class A 3 17 0 20 17 85.00 

Class B 1 0 19 20 19 95.00 

Total 60 55 91.67 

ANN testing was carried out to find out ANN performance to classify the quality of citrus fruits. 

The process was carried out using different data from the training and validation processes. The 

number of samples used in the testing process was 20 samples which were divided into 3 quality 

groups. The summary of the results of the artificial neural network testing is in Table 2. The level of 

accuracy generated in the ANN testing process is 75%. The level of accuracy obtained indicates that 

the ANN can detect samples quality. The accuracy of the classification model that has been made 

can be considered quite good. 

Table 2. Classification Results of Untrained Samples  

Grade 
ANN-based Classification Sample 

number 

Correct 

classification 
Accuracy (%) 

Superclass Class A Class B 

Superclass 3 2 1 6 3 50,00 

Class A 0 8 0 8 8 100.00 

Class B 1 1 4 6 4 66.67 

Total 20 15 75.00 

 

ANN-based quality classification in our study still resulted in relatively low accuracy (less than 

80%). The samples have various peel colors (green and yellow parts), which may affect the results 

of the image extraction value, a basis for image-based classification. Besides, a visible reflection of 

the light produced by the CAC tool on the sample may also influence the extraction. Because the 

surface texture of citrus fruits is quite glossy, the surface of the fruit can reflect light quite easily. 

The reflection is more visible in the orange sample with green color, while in the yellow-orange 

sample the reflection looks fainter. These problems will make the orange image taken to be affected 

by external factors. The result can affect the color of the original image on the sample surface which 

makes the extraction of sample color inaccurate.  

In a study that measured texture defects in images using the pixel classification method, [6] found 

the problem that lighting could affect the measurement results. Lighting affects the intensity of the 

defect, causing an error in the detection of the defect area. Author [6] stated that the pixel 

classification method requires good lighting because the method cannot detect defects in shiny areas. 
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                           (a)                   (b)                      (c) 

Figure 3. Various peel colors on samples. (a) Green-dominant peel; (b) Yellow-dominant, and 

(c) Yellowish green 

In this study, the effect of color on the quality classification of citrus fruits based on the image 

cannot be the main determinant of whether or not the quality of citrus fruits. In the SNI and UNECE 

standards, the quality classification of citrus fruits refers to the presence or absence of irregularities 

or defects on the surface of the citrus. These deviations can be in the form of irregularities in fruit 

shape, skin color, and defects in the skin due to mechanical damage. The two standards do not classify 

the quality of oranges based on the color (green-yellow) of the fruit, but rather lead to damage that 

can affect the original color on the surface of the citrus fruit. 

CONCLUSION 

The results showed that the parameters of the defect area and entropy had high correlation 

interpretation (r=0,6 – 0,8), and color component a* (from the L*a*b* color space) had sufficient 

correlations (r=0.4 - 0.6) to be used in the classification of citrus fruit quality. The ANN consists of 

3 inputs (parameters with sufficient correlation), 18 hidden layer neurons, and 3 outputs (super 

quality, class a, and class b). The accuracy results are 91.67% in the training/validation process, while 

in the testing process gets an accuracy of 75%.  
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ABSTRACT 

Caregivers of children using mechanical ventilation via tracheostomy at home have to possess the 

required knowledge and skills. Tracheal suctioning is important to maintain airway patency because 

it can remove secretions. When it is the family caregivers who provide skilled care to the child 

throughout the day, one of the family members has to wake up several times during the night to 

provide the child with the required care. A low level of illuminance is desirable to reduce the adverse 

effects of lighting on sleep during the night. In this study, we investigated the minimum level of 

illuminance under which safe tracheal suction could be performed. We arranged 11 subjects to 

conduct simulated operations at illuminance levels between 200 lx and 3 lx. The results revealed that 

even at an illumination level of 3 lx, no significant reduction in the visual acuity of the subjects 

occurred and that the subjects had no difficulty in identifying color differences that had Munsell 

values of ±1. However, the way how the subjects inserted the tube into the cannula hole differed 

significantly among the subjects. Three of the subjects could not perform an error-free tube insertion 

even at an illumination level of 50 lx. However, five of the subjects could perform the task easily 

even at an illuminance level of 3 lx. In the work environment guideline, high illuminance should be 

used as the illuminance level to be maintained to ensure that every caregiver can perform tube 

insertions safely. In pediatric home healthcare, the caregiver is specified (i.e., the mother or father of 

the child) and the lighting provided should be such that the caregiver is able to work easily. Our 

experiments revealed that tracheal suctioning could be performed at illumination levels as low as 3 

lx. 

 

INTRODUCTION 

In recent years, the number of children who require medical care, such as tracheal suction and tube 

feeding, has increased. Even when they are at sleep, some children may require a suction every few 

hours to secure the respiratory tract and facilitate breathing. Although home-visit medical care and 

home-visit nursing services are available in Japan, a child is taken care of by the family, especially 

during nighttime; night care is a heavy burden on any family [1]. 

Because tracheal suction is an invasive medical practice, risk management is important for family 

caregivers handling tracheal suction. Safe and accurate operations require clean tools, whose 

cleanliness has to be verified through visual inspections. And it is necessary to check the child's facial 

expression and complexion during suction. Thus, lighting plays a significant role during nighttime. 

We investigated the lighting environment of a family providing home care; every time the caregiver 

woke up during nighttime to attend to the child, the ceiling lamp of the room was switched on by the 

caregiver, disturbing the other family members sleeping in the room. Although a high level of 
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illuminance ensures workability, a low level of illuminance would be desirable if the others sleeping 

in the room are not to be disturbed. Caring for a child with a chronic illness, which goes beyond 

normal parenting, involves frequent medical procedures, medication administration, and illness-

specific stressors. The sleep instability that occurs in the parents of ventilator-assisted children is 

related to the multiple dimensions of health-related quality of life. In caregivers of children suffering 

from chronic illnesses, inconsistent sleep patterns could play a more important role than low average 

sleep durations, in producing poor health outcomes [2]. 

One of the authors (MN) of this paper, an occupational therapist, was involved in improving the 

lighting within a pediatric home healthcare environment. In this paper, we present our case report 

and the results of an experiment we conducted to determine the minimum level of illuminance 

required to perform tracheal suction in children at night. 

CASE REPORT 

We present here how we improved the lighting in a home healthcare environment in which a 

mother was taking care of her daughter suffering from spinal muscular atrophy. The child had 

undergone a tracheostomy and a gastrostomy and required suction and infusion during nighttime. 

Before we improved the lighting in the environment, the mother had to wake up and turned on the 

ceiling lamp every few hours to attend to her daughter when her condition became poor. The action 

of turning on the lights by the mother disturbed the other family members sleeping in the room. We 

improved the lighting of the room as shown in Figure 1. 

First, a wooden shelf was built to partly cover the bed. Next, we installed at the top of the shelf a 

warm-colored LED lamp facing the wall and the ceiling to provide indirect lighting to the bed. Thus, 

the lighting illuminated only the areas where it was needed. Although this modification caused the 

illuminance of the light falling on the bed to decrease from 150 to 10 lx approximately, the mother 

indicated that even at reduced illuminance she could work as before and that the glare was also 

reduced. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Before: ceiling lamp with 150–160 lx.       After: indirect lighting with 10–15 lx. 

Figure 1. Home healthcare environment before and after lighting was improved 

 

EXPERIMENTAL METHODS 

In the previous section, we reported that healthcare could be performed without any stress even at 

an approximate illuminance level as low as 10 lx. We conducted an experiment to determine the 

minimum illuminance level required for healthcare [3]. 

The experiment was conducted in our laboratory by 11 healthy female college students (19–25 
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years in age). None of the subjects had any experience in suction operations. Tracheal suction 

requires disinfection of the fingers and tubes before and after performing suction to keep them clean. 

Caregivers inserted the tube into the tracheal cannula of the child, and performed the aspiration 

quickly and securely while monitoring the patient's facial expressions and complexion (Figure 2). 

 

 
Figure 2. Tracheal suction 

 

We prepared a booth that had walls painted in Munsell N5 gray (Figure 3). Three warm-colored 

LED light sources, commonly used as nightlights, were installed on the ceiling of the booth. The 

light sources were covered with a diffusion sheet to make uniform the illuminance of the light falling 

on the work surface. The illuminance in the booth was set at 200, 50, 12, 6, and 3 lx. 

 

 
Figure 3. Setup of the experiment 

 

Before conducting the experiment, we explained its purpose to the subjects and obtained their 

informed consent. The Frisby stereotests and Landolt C vision test were then performed by the 

subjects at an illuminance of 200 lx. Next, the subjects were asked to make color identification 

(Figure 4), insert the tube (Figure 5), and assess the level of difficulty experienced in inserting the 

tube. The illuminance within the booth was then reduced to 50, 12, 6, and 3 lx in steps. Three minutes 

were allowed for the subjects to get their eyes adapted to each level of illuminance. The Landolt C 

vision test was repeated for each level of illuminance. 

The color identification experiment was designed as follows: During tracheal suction, hypoxemia 

can occur, causing the face and lips of the child to become whitish or dark. These abnormal color 

changes of the face and lips have to be noticeable to the caregiver to enable him/her to take any 

required action immediately. Therefore, to verify the identification of the abnormal color changes 

under each illuminance level, we presented four sets of three-color charts assuming that the face and 

lip colors were Munsell 5YR 7/4 and 7.5R 6/4, respectively, together with color charts with ±1 

Munsell values (Figure 4). Thereafter, we asked the subjects to indicate the lighter or darker color 

among the three colors. For each subject, the order of the four sets of three-color charts and the 

position of the lighter or darker color chart within each set were randomized for each illuminance 

level. 
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Figure 4. Color charts used for the color identification 

 

The insertion operation experiment was designed as follows: The box used had three 6.5 mm holes 

near its upper edge and three 5.0 mm holes near its lower edge (Figure 5). A mechanism was in place 

within the box to make a buzzer sound when a tube was inserted into one of the holes. Each subject 

was given a suction tube that had a 2.7 mm outer diameter and was instructed to insert the tube 

through each of the three 6.5 mm upper holes until a buzzer sounded. Next, the subject was instructed 

to repeat the experiment using the 5.0 mm lower holes. The workability was evaluated on the basis 

of the number of times the tip of the tube touched the outside of the hole (counted as errors) and the 

time required for the work. The buzzer sounded three times in each experiment. Therefore, the 

working time was taken as the interval between the time the first buzzer sounded and the time that 

the third buzzer sounded. When an error was made, the subject was required to repeat the experiment 

and the time taken to complete an error-free experiment was measured. 

 

 
Figure 5. Box used for tube insertion 

 

RESULTS 

All of the 11 subjects could satisfactorily complete the Frisby stereotests. Their stereoscopic 

visions were unaffected. At an illuminance of 200 lx, all subjects had good visual acuity with a 

logMAR below 0. Their visual acuity decreased as the illuminance was decreased. However, the 

logMAR of the subject who had the worst visual acuity was less than 0.15 even at the minimum 

illuminance level of 3 lx. 

In the color identification experiment, all subjects responded reliably even at the lowest 

illuminance of 3lx. Because this minimum illuminance level causes photopic vision, a color 

difference of approximately 1 Munsell can be judged through proper dark adaptation. 

In the experiment of tube insertion, the tube had to be inserted into the 6.5 mm holes, which was 

easy, and in the other experiment, it had to be inserted into the 5.0 mm holes, which was difficult. In 

inserting the tube into 5.0 mm holes, most of the subjects made errors even when the illuminance 

level was brightest at 200 lx. Because inserting the tube into 5.0 mm holes was difficult, the effect 

of illuminance on tube insertion was not investigated. At 200 lx, all subjects could easily insert the 
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tube into the 6.5 mm holes without making errors. The effect of illuminance, therefore, is discussed 

for tube insertion into the 6.5 mm holes. At 200 lx, all subjects could insert the tube without making 

an error. However, at 50 lx, three of the subjects made errors. When the illuminance was reduced to 

12 lx, two other subjects made errors, and when the illuminance was further reduced to 3 lx, another 

subject made an error. Thus, five out of the 11 subjects could work without making an error at all 

levels of illuminance up to 3 lx (Table 1). Even at a low illuminance of 3 lx, a 2.7 mm tube could be 

inserted into a 6.5 mm hole while observing the changes in the complexion and lip color of the child. 

However, there were large differences (in the 200 to 3 lx range) in the minimum level of 

illuminance at which work could be performed by each subject without making errors. Therefore, in 

the work environment guideline in which the conditions under which everyone can work safely have 

to be indicated, the level of illuminance that is required to be maintained has to be stated as 200 lx. 

However, because home healthcare is provided by a family member, maintaining the lighting at a 

level at which that person can operate is sufficient. In the case reported here, the family member 

performed the work with ease at approximately 10 lx. 

If the level of illumination during nighttime can be kept low, the other family members in the room 

are less likely to get disturbed during their sleep. High levels of illuminance can cause the caregiver 

to stay awake unnecessarily. At low levels of illuminance, the inhibition of subsequent sleep in the 

caregiver would be reduced and the quality of sleep of the caregiver improved. 

The reason for the large differences in the minimum levels of illuminance at which tube insertion 

could be performed by different subjects is unclear because when the level of illuminance was 

reduced significantly, the visual acuity of the subjects reduced only slightly. The operating times of 

those who made errors varied with the level of illuminance as shown in Table 1. In addition, a 

tendency existed to evaluate the difficulty experienced in inserting the tube into a hole. We believe 

that even six subjects with errors would be able to perform tube insertion within a dark environment 

once they become familiar with the operations. We would like to conduct further studies on the 

factors causing the errors. 

 

Table 1. Relative operating times (1.00 at 200 lx) and tube insertion errors 

 

 

CONCLUSIONS 

Through this case report, we showed that at night, caregivers can work calmly even at an 

approximate illuminance as low as 10 lx when the glare also would be low. 

Through the laboratory experiments, we showed that identifying the abnormal colors of the face 

and lip of a child is possible even at low color temperatures and low illuminance levels. Although 

large differences were noted in the tube insertion operations conducted by the subjects, some subjects 

could work even at a low illuminance of 3 lx. On the basis of these results, we plan to propose a 

lighting system suitable for a home care environment at night. 
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ABSTRACT 

The digitalization of the livestock industry is developing during this decade. During the Covid-19 

pandemic, remote management and monitor for poultry houses have become a new demand of the 

livestock industry. There are many types of researches that focus on using the computer vision system 

(CVS) to identify the situation of poultry and livestock. However, there are few kinds of research 

focusing on analyzing the color information of living poultry. In this research, we are dedicated on 

monitoring the situation of the poultry house by remote cameras. The illumination of poultry houses 

change frequently since they usually have an opening or semi-opening structure. Therefore, the color 

is too unstable to be controlled for identifying correct information including the health of the chicken. 

Fortunately, there are many studies of camera color calibration since 1990. A higher order 

polynomial equation, which is one of popular method, is a fast and efficient solution to calibrate the 

color of images. After applying a calibrated matrix on the video stream, it corrects video color to be 

meaningful for identifing the abnormal situations, such sick or dead, of chicken clearly. In our 

experiment, the color calibration reduced the root-mean-square deviation error (RMSE) of color 

samples from 91.86 to 10.44 and color difference ∆𝐸 from 26.72 to 7.21. This result will be helpful 

to monitor the native chicken and to identify the health of chicken in the poultry house. The color 

data of different chicken health conditions will be collected as a database to help veterinarians and 

poultry house staff to diagnose the illness. 

INTRODUCTION 

 How to avoid the poultry disease pandemic is an important issue in the poultry industry. There 

have been much researches on the digitalization of the livestock industry in recent years [1-3]. After 

the pandemic of Covid-19, remote management and monitor of the poultry house have become a 

new demand of the livestock industry. There are many types of researches which focused on 

computer vision system (CVS) and long-period monitoring of humidity and temperature to identify 

the situation of poultry and livestock. However, there are few types of researches focusing on the 

color of living native poultry. Fortunately, the development of 5G mobile network makes it possible 

to monitor the situation of poultry houses with multiple high-resolution IP cameras in almost real-

time. In this paper, we dedicated on monitoring the situation of a poultry house to identify the health 

of the chicken by remote cameras. However, the illumination of the poultry house frequently changed 

due to its semi-opening structure, so the color is too unstable to identify the situation of the chicken. 

Therefore, the main purpose of this research is the color calibration for surveillance images in a 

poultry house. The illumination which was changing of the semi-open poultry house was analyzed 
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to find the feasible time range for the chicken health checking. The color calibration algorithm was 

applied to the surveillance video. The color difference was calculated to identify the method's 

feasibility. 

EXPERIMENT 

 There have been many studies of camera color calibration since the 1990s [4-8]. The polynomial 

transform method, which is one of the popular methods, is a fast, efficient solution to calibrate the 

color of images [4][8]. In this research, the polynomial transform method is applied to the 

surveillance video. To achieve a real-time calibration of surveillance video, the RGB to RGB 

polynomial transform was chosen. The polynomial functions were used to perform a mapping 

conversion between a color vector of camera 𝑐 and a color vector of standard sRGB 𝑠 as equation 1.  

𝑠 = 𝐴𝑐 (1) 

 Where 𝐴 is the calibration matrix, for the linear transform, 𝐴 is a 3×3 or a 3×10 matrix, and 𝑐 is 

a 3×1 matrix. The internal values of matrix 𝐴 are easily determined using methods of linear algebra 

as the Table 1.  

Table 1:Definition of polynomial transforms used 

𝐴 Augmented matrix 

3 × 3 [𝑅⁡𝐺⁡𝐵] 

3 × 10 [𝑅2⁡𝐺2⁡𝐵2⁡𝑅𝐺⁡𝐺𝐵⁡𝐵𝑅⁡𝑅⁡𝐺⁡𝐵⁡1] 

  

 To relate the camera response and standard sRGB, the measured colors are installed in a working 

area of a surveillance camera. The color samples refer to the Macbeth ColorChecker, and the data 

show in Figure 1. In these 24 color samples, there are 17 colors from the Macbeth ColorChecker. 

CH1~CH4 colors are from the cockscomb color, and GD1 ~GD3 are those from the poultry house 

environment. The CIE Lab data of the color sample are measured by X-Rite RM200QC and 

converted into sRGB data to be the reference standard.  

 

Figure 1. Color sample and sRGB data 
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 The color samples are installed in the poultry house for assisting for dynamic corrections, as 

Figure 2. The half of samples are placed at the center pillar, and the rest are placed on the surface of 

the feeding tube. The surveillance video was captured by the Axis-Q6128E 4K camera. The capturing 

condition is set as auto-focus, auto-exposure, and white balance of an outdoor scenario. The capturing 

time is from AM07:00 to PM5:00. The polynomial transform method was applied, and the camera 

color are captured the data from the 12:00 PM snapshot, the sRGB data of the color sample were 

used, and the two different order augmented matrixes were separately applied to calibrate the color. 

 

Figure 2. The surveillance video snapshot in the poultry house at 12:00 PM 

 

RESULT 

 The 3×3 and 3×10 matrixes were calculated and applied to the frame at 12:00 PM. The results of 

calibrated frames by different methods are shown in Figure 3. The result based a 3×3 matrix looks 

reddish, and that based on 3×10 matrix looks a bit warmer tones.  

  

Figure 3. The Calibration result of 12:00 PM snapshot, 3×3 matrix(left), 3×10 matrix(right) 

 The data of calibration result is shown in Table 2. Before the calibration, the average RMSE is 

91.89, and it is too high to identify the situation of chicken health. After the calibration, the average 

RMSE is reduced to 37.55 and 10.44 by 3×3 matrix and 3×10 matrix, respectively.  
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Table 2. The root-mean-square deviation error (RMSE) of calibration(before and after) 

Color 12:00PM Camera responses 3 × 3 matrix 3 × 10 matrix 

Average 91.89 37.55 10.44 

 

 By following the better RMSE result, the 3×10 calibration matrix has been applied all daytime 

to analyze the feasibility of our method to suppress the change of color due to daylight. The 

calibration result was calculated into the CIE Lab to analyze the color difference. The results for 

before and after calibration are shown in Figure 4. According to the result, the ∆E 

between the camera response and standard of all color samples is higher 

than 10.0, and the average ∆E is 26.71. It is too high to identify the health 

of the chicken. After applying the 3×10 calibration matrix, the average 

∆E is reduced to 7.21. And from AM09:10 to PM1:40, the average ∆E of each 

time is lower than 8.0. As a result, it is expected precisely enough to 

identify the situation of chicken. 

  

Figure 4. The variation of color difference ∆E, before calibration(left), after calibration(right) 

 

CONCLUSION 

 In this research, the surveillance video of the poultry house was calibrated the color by 

polynomial transform method with 3×3 and 3×10 matrixes. The calibration results show great 

performance to reduce to color difference between the standard color data and camera response. 

Based on this result, the relationship between the color and health condition of chicken will be 

collected in the future to perform valuable digitalization data in the poultry industry. 
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ABSTRACT 

The CIEL*c*h* color system is helpful to describe lightness (L*), chroma (c*), and angle of color 

or hue angle (h*). In this study, we wanted to analyze the results of the skin color of Thai people in 

the CIEL*c*h* color space system, using 171 Thai people aged 24-70 years old to measure all 5 

points of the body, namely the left cheek and the right cheek, forehead, chin and inner arm by using 

the Konica Minolta CS-100A as a tool to measure the skin color of Thai people. The participants 

must not use any skincare or cosmetics before skin measuring. A white reference plate was measured 

in the same positions of a part that measured the real skin, and after that, the real skin was measured. 

The results showed that the inner arm area had the highest mean lightness, followed by the forehead, 

cheeks, and chin, which were 61.35, 57.92, 57.77, and 55.12, respectively. The distribution of chroma 

in the cheek tends to decrease as the skin lightness increases on the forehead and inner arms, although 

there is a slight tendency. For the average value of chroma, the cheek was the highest of chroma, 

followed by chin, forehead, and inner arm (23.87, 23.31, 22.93, and 22.03, respectively). However, 

when comparing the lightness with the Hue angle, there was no relationship in the cheek, forehead, 

chin, and inner arm. The inner arm was the highest for the average hue angle value, followed by 

forehead, cheek, and chin (57.88, 52.42, 52.16, and 51.32, respectively).  

 

INTRODUCTION 

      Hemoglobin and melanin are substances in the body that are the constituents in the appearance 

of human skin color [1]. The amount of both substances varies for each individual. Including daily 

exposure to sunlight can also affect the amount of Hemoglobin and Melanin in different people, even 

if they are of the same ethnicity. Moreover, some studies have found that the redness of the skin on 

the face is greater than that of the trunk because there is better blood flow in the skin than the body 

[2]. It was found that the redness of the skin strongly depends on the location on the body [3]. 

Therefore, the location on the body might be a factor that can cause different skin tones. 

 

 CIEL*c*h* is a color system in the polar coordinate color space. Developed from the CIEL*a*b* 

color system, the lightness or L* is the same scale as CIELAB, ranging from 0-100, with 0 being 

black and 100 being white. The chroma or c* indicates the quality of a color's purity, intensity, or 

saturation. If the chroma value is low, the color will be dull. But if the higher the chroma value, the 

vividness of color. The hue angle or h*, 0 to 360 degrees, indicates red by 0 and 360 degrees, yellow 

by 90 degrees, green by 180 degrees, and blue by 270 degrees as indicated in Fig.1 [2]. The values 

L*, c*, and h* can be calculated from the equation 1, 2, and 3, respectively. 

 Normally, the skin color analysis is most often analyzed in the CIELAB color system because it 

can quantify the pigmentation of the skin, such as the redness or yellowness of the skin. But the 
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analysis using the CIEL*c*h* is not common in research in Thailand. Therefore, we wanted to 

analyze the results of the skin color of Thai people based on the CIEL*c*h* color system. In addition, 

also we investigated the different positions of the body that can affect the difference in lightness, 

chroma, and hue angle of the Thai skin. 

 

 

 

 

 

 

 

 

Figure 2. The CIEL*c*h* color system. 

 

  (1) 

 

  (2) 

 

  (3) 

 

METHODOLOGY 

 171 Thai people had participated in this study including 81 males and 90 females. The age ranged 

24 to 72 years old. Most of the participants were working outdoors and indoors. The four positions 

of the face were measured, left and right cheek, forehead, and chin which represent parts most 

exposed to the sunlight, and inner arm which represents part least exposed to the sunlight. 

 Konica Minolta CS-100A chromameter was used to measure the skin color of Thai people. This 

instrument was portable, lightweight, and gave the value close to the spectroradiometer CS-2000 that 

has been tested in a preliminary experiment for instrument testing. Moreover, the chromameter 

eliminated the problem of the pressure factor which affects skin color change. A disadvantage of this 

type of instrument was to require external light to measure the color. Therefore, it was necessary to 

measure the white reference plate as a reference. 

 

Lightness, L* 

Chroma, c* 

Hue angle (°), h* 
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(A)                                                                       (B)  

Figure 2. (A) White reference plate measurement. (B) Real skin measurement. 

 Prior to the participants must not use any skincare or cosmetics or had to wash their face. Then, 

the personal informations were recorded such as age, gender, occupation, workplace characteristic, 

hometown province, and skincare and cosmetic use.  The white reference plate was measured at the 

same position as the real skin. Five real skin positions were measured immediately after the white 

reference measurement as indicated in Fig. 2. One-way ANOVA was used with a significance level 

of 0.05 to check difference between two data. 

RESULT AND DISCUSSION 

 The two sides of the cheek were averaged in one value to represent the cheek in each participant. 

The cheek and forehead were in the same range in lightness values of about 40 – 75 and had the 

average L* were 57.77(±7.99) and 57.92(±7.42), respectively. The inner arm had a wider distribution 

of L* than other three positions with a range of about 31-84 and the highest L* of average value at 

61.35 (±8.34). But the chin had the lowest in L* with a range of about 38-70 with the average value 

of 55.12 (±6.95). Moreover, the distribution of chroma values of all positions was the same range 

about 15-33 as indicated in Fig.2. The average of chroma of cheek, forehead, chin, and inner arm 

was 23.87 (±2.66), 22.93 (±2.93), 23.31 (±2.94), and 22.03 (±2.93), respectively. The chin was a 

significantly different in L* in cheek and forehead (P=0.008 and P=0.004, respectively). The L* of 

the inner arm was significantly different from three parts of the face (P=0.000) as indicated in Fig.4. 

The inner arm also was significantly different from the position of face in saturation of skin or chroma 

as indicated in Fig.5 (inner arm vs. cheek; P=0.000, forehead; P=0.021 and chin; P=0.000, 

respectively). The cheek was significantly different from forehead when compared with other part 

of the face (P=0.013). 

 Figure 6. indicates hue angle, the inner arm showed the widest distribution in a range about 30° 

- 85°, while the parts of the face (cheek, forehead, and chin) were the same range about 30° - 65°. 

As a result of h* of the inner arm, the highest in average was 57.88 (±5.01) and more towards yellow 

than the facial. The average h* of cheek, forehead, and chin was 52.16 (±5.15), 52.42 (±5.16), and 

51.32 (±6.94), respectively. The h* of the inner arm was significantly different from cheek, forehead, 

and chin (P=0.000) as indicated in Fig.7. 

 The face is an area with more blood flow than the inner arm. As a result, the face has larger 

redness of the skin than the inner arms as well as the faces area being frequently exposed to sunlight 
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which affects the production of Melanin [3, 4, and 5]. Therefore, the skin color of the face was darker, 

higher in chroma, and a shade of red than the inner arm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The distribution of Thai skin tone in each position of measurement between chroma 

and lightness 

 

 

 

 

 

 

 

Figure 4. The average lightness of Thai skin tone in each position of body (* ; P<0.05 and    

 **; P<0.00) 
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Figure 5. The average chroma of Thai skin tone in each position of body (* ; P<0.05 and     

 **; P<0.00). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. The distribution of Thai skin tone in each position of measurement between chroma 

and lightness 
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Figure 7. The average hue angle of Thai skin tone in each position of body (* ; P<0.05 and    

 **; P<0.00). 

 

CONCLUSION 

          The results suggested that the facial area which most exposed to the sunlight is affected to skin 

to become darker, more saturate and to tend to red color than the inner arm. The difference between 

body positions affected the lightness, chroma, and hue angle of Thai skin color. 
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ABSTRACT 

The purpose of this study was to investigate the effect of lighting on lipstick texture in advertising 

photographs. The approach involves photographing four varieties of lipstick using soft and hard light: 

Lip Gloss, Tinted Balm, Matte Powder, and Liquid Lipstick. The researcher set the lipstick color to 

orange and red and set the picture size to close up (CU) and extreme close up (ECU). The 

photographs were given to thirty subjects, who were then asked to classify lipstick using a 

questionnaire. The finding showed that the influence of light has a little effect on different lipstick 

textures. The texture of lipstick may be seen more clearly in hard light than in soft light. The 

distinction between soft and hard light has no effect on lipstick classification. The accurate lipstick 

classification is influenced more by soft light than by hard light. 

 

INTRODUCTION 

     Lipstick is a well-known and extensively used product. Customers may be perplexed when they 

view the image of the lipstick advertising since the lipstick has a range of textures and personalities. 

Because advertising pictures are crucial in influencing consumers' purchase decisions, photographers 

must consider the authenticity of the lipstick's texture when photographing the advertising.  

     When photography advertisements, lighting is important in order to correctly depict the texture 

of the lipstick. Photographers must use lighting that complements the textures. Depending on the 

light quality, the image will be influenced differently. Soft light, for example, will provide the sense 

of soft light with low contrast between dark and light, whereas hard light will give the impression of 

harsh light with strong contrast between dark and light. Soft and hard light, as well as differences in 

light and shadow, have an effect on the reflection of various object surfaces. Soft light has a less 

influence on object reflection than hard light. For example, if we want to photograph a luster item, 

we will see more reflections and less shine if we use soft light rather than hard light.  

 

METHOD 

     The researchers used soft and hard light to photograph four different types of lipsticks in this 

study: Lip Gloss, Tinted Balm, Matte Powder, and Liquid. The researchers then used a questionnaire 

to analyze the photos in order to determine if the subjects could classify the lipstick. The following 

approaches were utilized by the researchers: 
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      1. Set two types of light: Hard light with mono flash and standard reflector, soft light with mono 

flash, standard reflector and diffuser.     

  
 Figure 1. Example of the lighting for photography  

     2. Set four types of lipsticks: Matte Powder, Liquid Lipstick, Lip Gloss and Tinted Balm. 

     3. Set the color of lipstick from two popular colors which were red and orange. 

   4. Close-up (CU) and extreme close up (ECU) picture sizes were chosen from a survey of popular 

image sizes used in lipstick advertising. 

     5. The photos were presented to thirty subjects who are familiar with the sort of lipstick and 

have purchased it online. The subjects saw the pictures on a 10.9-inch Apple iPad Air screen in 

white light before answering the questionnaire using the methods below. 
5.1 Place two example photos of the same lipstick type, color, and size, one shot with soft 

light and the other with hard light, side by side. The subjects selected the photograph that showed 

the texture of lipstick more clearly. 

5.2 Bring the sample photos to the subjects and have them look at them one by one. The 

subjects were then asked to select a lipstick from four options: Matte Powder, Liquid Lipstick, Lip 

Gloss and Tinted Balm. 

 

 

Figure 2. Scenario of the data collection method 
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Examples of photographs for lipstick advertising used in the study 

 

Figure 3. Example of the orange lipstick photo, Close Up (CU) 
 

 

Figure 4. Example of the red lipstick photo, Close Up (CU) 
    

          

Figure 5. Example of the orange lipstick photo, Extreme Close Up (ECU) 
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Figure 6. Example of the red lipstick photo, Extreme Close Up (ECU) 

 

RESULT 

 

     The result of the study of effect of lighting on lipstick texture for advertising photography was as 

the following.   

1. Result of the study of clarity of showing the texture of lipstick was shown as Figure 7. 

  

 

 

 

 

 

 

 

 

 

Figure 7.  Shows results of clarity in lipstick texture 
 

     Hard light, according to the chart, may reveal 59 percent of the texture of the lipstick. Soft lighting 

may reveal 45 percent of the texture of a lipstick. As a result, hard light might reveal more lipstick 

texture than soft light. This might be because hard light accentuates the contrast between light and 

shadow, and the reflections of the subject texture are more prominent than soft light. It clarifies the 

texture of lipstick better than soft light. 

 

2. Result of the study on the accuracy of lipstick classification 

2.1 The accuracy of the lipstick classification by the difference of lighting was shown as Figure 8.  

 
 

Figure 8.  Shows results of accuracy of lipstick classification by different lighting 
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     According to the chart, soft light had a 29 percent effect on lipstick classification accuracy 

while hard light had a 25 percent effect. The difference between soft and hard light has no 

influence on lipstick classification accuracy. Soft light has a bigger effect on lipstick classification 

accuracy than hard light. 

 

 2.2 The accuracy of the lipstick classification by the color difference was shown as Figure 9.   

 

Figure 9.  Shows results accuracy of lipstick classification by color difference 

   According to the chart, orange represented lipstick type accuracy of 34 percent, while red 

represented lipstick type accuracy of 19 percent. It is possible to conclude that orange indicates 

lipstick type accuracy more than red. This might be because red has a higher color intensity than 

orange, resulting in distinct reflections and a different perception of the lipstick texture. 

 
2.3 The accuracy of the lipstick classification by the image size was shown as Figure 10.  

  

 

Figure 10.  Shows results of accuracy of lipstick classification by image size 

 

     According to the chart, a close-up (CU) image had a 29 percent accuracy in lipstick classification, 

while an Extreme Close Up (ECU) image had a 25 percent. Differences in picture size can have a 
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little impact on the accuracy of lipstick classification. The close-up can reveal considerably more 

about the accuracy of lipstick classification than the extreme close-up. 

2.4 The accuracy of the lipstick classification by the texture of lipstick was shown as Figure 11. 

 

Figure 11.  Shows results accuracy of lipstick by texture of lipstick 

     According to the chart, lip gloss was the most preferred lipstick texture, accounting for 44 percent, 

followed by tinted balm 34 percent, liquid lipstick 21 percent, and matted powder 9 percent. This 

might be due to the fact that lip gloss has a distinct glossy texture that distinguishes it from other 

types of lipsticks. This allows subjects to quickly classify the types of lipsticks. Matte powder 

lipsticks have the least texture, likely because they have a texture similar to liquid lipsticks, making 

it difficult for subjects to classify lipsticks 

 

CONCLUSION 

       The findings of this study were separated into two categories: the clear texture of lipsticks and 

the accuracy of lipstick type. The research reveals that the lighting used in lipstick advertisement 

photography has minimal effect on the texture of lipstick when photos of the same size, color, and 

kind of lipstick are taken. However, with the varied lighting circumstances, soft light and hard light, 

there was a little difference between the two to highlight the clearer texture of the lipsticks. When 

the subjects saw the photos one by one and chose the type of lipsticks, they did it more properly with 

the soft light. There was, however, a minor variation between these two lightings. The explanation 

for the minor difference might be that the lips are generally matte. When a thin coating of lipstick is 

applied to the lips, the texture of the lipstick is not apparent. As a result, while photographing lipstick 

advertising, the difference in lighting should not be considered alone. However, additional factors 

must be considered, such as the direction of the light, the camera angle, or the consumer lipstick 

purchasing experience, among others. 
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ABSTRACT 

This study focuses on the perceptual matching between the display white point and the neutral 

background of the light booth with a chromaticity of D65, which is a fundamental work for many 

color-relevant applications. Based on the psychophysical methods of adjustment and constant 

stimuli, a color matching experiment was carried out at three different display luminance levels by a 

panel of six observers. The white point accepted by most observers is referred to as an overall white 

point, which exhibits a slight increasing trend around 7300K with the display luminance. It also turns 

out that each observer has a distinct acceptable zone of white points, of which the size and the 

constant bias from the overall white point may be related to individual characteristics of the visual 

system. 

INTRODUCTION 

 The white point is an important parameter in most display technology, acting as a chromatic 

reference for the displayed colors. Previous studies suggested that the white point should be 

configured appropriately to keep its neutral appearance, depending on the ambient lighting and the 

viewing condition [1,2]. Matching the display white point with the light booth illumination is a 

fundamental work for color reproduction applications [3] and psychophysical experiments [4], on 

which, however, few investigations have been reported so far.   

In this study, a psychophysical experiment was carried out to investigate the color matching 

between the display white point and the D65 illumination of a light booth. The chromatic change of 

the white point with the display luminance and the inter-observer variation of the acceptable zones 

would also be discussed. 

EXPERIMENT 

 The psychophysical experiment was conducted in a dark room, equipped with an X-rite 

SpectraLight QC light booth working in the D65 illumination mode. A gray board with a size of 

300mm × 500mm (equivalent to a 20° × 30° field of view) was installed in the light booth, at an 

angle of 45° to the bottom plane. At the center of the gray board was drawn a square black frame 

with a size of 70mm × 70mm (equivalent to a 4° × 4° field of view) to help observers focus their 

eyes. The luminance inside the black frame was about 125cd/m2. An EIZO CG241W professional 

desktop monitor was placed adjacent to the light booth, which displayed a large uniform color block 

with the same size of the gray board, as well as a similar black frame at the center of the screen. In 

the experiment, the monitor was set to three luminance levels, namely, 20cd/m2, 36cd/m2 and 

50cd/m2. 
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Figure 1. Experimental setup 

Six observers with normal color vision, who had passed the Farnsworth-Munsell 100 Hue test 

(FM100 test), participated in the experiment. As illustrated in Figure 1, the observers were instructed 

to sit in front of the light booth and the monitor, allowing their gaze to shift back and forth to view 

the gray board or the screen along the normal. The viewing distance to the both media were about 

1m.  

Before the experiment, a 2-min dark adaptation and a 1-min background adaptation to the light 

booth illumination were performed. The experiment was separated into two sessions. The first 

session was based on the psychophysical method of adjustment, whereby the observers pressed arrow 

keys on a keyboard to adjust the chromaticity coordinates of the displayed color in CIE 1976 u’v’ 

diagram, until it appeared as neutral as the gray board. This procedure was repeated 5 times with 

different starting points. The mean coordinates and the standard deviation value (represented by σ) 

of the adjustments were calculated to roughly estimate the range of accepted white points.  

 The second session was intended to obtain the acceptable zones of white points via the 

psychophysical method of constant stimuli. A series of test white points were calculated for each 

observer individually, with chromaticity coordinates being distributed around the mean coordinates 

of the adjustments at distances of 0.75σ, 1.5σ, 2.25σ and 3σ (see Figure 2). These test white points 

were displayed at a random order. The observers compared each of them with the gray board and 

made a judgement on whether it was perceived neutral by pressing the number keys (pressing “1” 

key for acceptance and pressing “0” key for rejection). Each test white point was assessed 4 times. 

The Probit analysis was adopted to calculate the T-50 points, which were then fitted into an ellipse, 

outlining the acceptable zone. The chromaticity inside the zone had a higher possibility to be 

accepted as a neutral white point than to be rejected. The entire experiment was repeated for each of 

the 3 luminance levels and the 6 observers. 

 
Figure 2. Example of chromatic distribution of the test white points 
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  RESULTS AND DISCUSSION 

 Figure 3 plots the white point acceptable zones in CIE 1976 u’v’ diagram, together with a 

daylight locus, corresponding to the six observers and the three display luminance levels, separately. 

For each luminance level, the center coordinates of the intersection of the most separate acceptable 

zones represent the chromaticity accepted by the most observers as an appropriate white point, 

dubbed overall white point. The correlated color temperatures (CCT) and the deviations to the 

daylight locus (Duv) of the overall white points are calculated and listed in Table 1. 

 
Figure 3. White point acceptable zones for six observers and three display luminance levels in 

CIE 1976 u’v’ diagram 

Table 1: CCT and Duv values of overall white points  

Display luminance (cd/m2) Overall white point CCT (K) Overall white point Duv 

20 7273 -0.0003 

36 7318 -0.0001 

50 7453 +0.0002 

（a）Display luminance = 20 cd/m2 （b）Display luminance = 36 cd/m2 

（c）Display luminance = 50 cd/m2 
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 The results in this experiment show a good agreement with the previous studies. As listed in 

Table 1, the overall white points have higher CCTs than the D65 illumination and are located close 

to the daylight locus. Moreover, the white point CCT increases with the display luminance, gradually 

deviating from the D65 chromaticity of the light booth illumination. This trend is consistent to the 

findings of some previous studies which was derived from a pooling of observers’ adjustments [4,5]. 

The dependency on the display luminance was considered as a consequence of chromatic adaptation 

[5]. From Figure 3, it can be seen that the major axes of the acceptable zones are mainly along the 

daylight locus, indicating that the observers are less sensitive to the change of CCT than the change 

of Duv value. Choi et al. have reported a similar result and suggested that the display white point 

may cover a large range in CCT [1]. 

 Figure 3 also exhibits a significant inter-observer variation in the accepted display white points. 

Each observer has a distinct acceptable zone. For example, the white point that is highly possible to 

be accepted (close to the center of the acceptable zone) by Observer 6 may be rejected by Observer 

4, while there is no any common white point accepted by both Observer 6 and Observer 2.  Thereby, 

the overall white points are never accepted by all observers. This phenomenon reveals that the neutral 

perception varies across observers. According to a simulation performed by Oicherman et al., the 

observer metamerism affects the achromatic color matching in cross-media color reproduction 

applications [6]. Therefore, in this experiment, the variation in white point selection may be related 

to the observer metamerism as well. 

 Additionally, each observer’s acceptable zone seems to have a constant bias from the overall 

white point chromaticity, regardless of the display luminance. For example, Observer 4 tends to 

choose the white points with higher CCTs and negative Duv values, while Observer 2 tends to choose 

those with lower CCTs and positive Duv values. This constant bias may depend largely upon the 

individual characteristics of the visual system. 

An ANOVA is adopted to the areas of the acceptable zones, which turns out that the acceptable zones 

are almost in the same size except those of Observer 3, who has significantly smaller zones than the 

other observers (p = 0.002). It is worth noting that Observer 3 was scored lowest in the FM100 test 

(2 points) among all observers (16 points in average), indicating that Observer 3 has an outstanding 

color discrimination ability. Therefore, Observer 3 is more sensitive to the chromatic change of the 

white point and only accept a small zone of chromaticities. 

CONCLUSION 

 In this study, an experiment was carried out via the psychophysical methods of adjustment and 

constant stimuli to investigate the color matching between the display white point and the D65 

illumination of a light booth. The most acceptable white point for all 6 observers exhibits a slightly 

increasing trend around 7300K with the display luminance. It also turns out that each observer has a 

distinct acceptable zone of white points, of which the size and the constant bias from the overall 

white point may be related to individual characteristics of the visual system. 
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ABSTRACT 

It is known that even if the luminance is the same, the feeling of brightness differs between white 

light and colored light, which looks bright when the color purity is high. This phenomenon, termed 

the Helmholtz–Kohlrausch effect, has been widely studied1)2)3)4). However, these studies do not 

reveal the brightness sensitivity of colored light over the entire field of view. Therefore, the purpose 

of this study was to clarify brightness sensitivity to colored light in the peripheral visual field. Using 

a brightness matching method, subjects adjusted the brightness of a central light (test light) to the 

same level as a colored light presented in the peripheral visual field (reference light). The experiment 

was conducted in a dark room with a large display screen of background brightness 0.2 cd/m2. The 

reference light was presented in the right half visual field including the top and bottom at 90°, 45°, 

0°, 315°, and 270°, with the horizontal right direction as 0° and eccentricity from 5° to 35° at 5° 

intervals. The experiment was repeated for each of the three primary colors of light: red, green, and 

blue. Brightness sensitivity to the colored light in the peripheral visual field was highest in the order 

of blue, red, and green for all directions except 90°; and the brightness sensitivity to blue and red 

light showed a decreasing trend as the degree of eccentricity increased. These results suggest that 

brightness sensitivity to green light is not easily affected by the degree of eccentricity.  

 

INTRODUCTION 

It is known that even for the same luminance, the feeling of brightness differs between white light 

and colored light, the latter of which looks bright when the color purity is high. This phenomenon, 

termed the Helmholtz–Kohlrausch effect, has been widely studied. However, these studies do not 

reveal the brightness sensitivity of colored light over the entire field of view. Therefore, the purpose 

of this study is to clarify the brightness sensitivity of peripheral vision to colored light. 

 

EXPERIMENT 

The experiment was conducted using a brightness-matching method in a darkened room. A 

reference light and a test light were presented on a display. The test light was presented at the center, 

and the reference light was presented at various angles from the center of the display. The background 

luminance was 0.2 cd/m2. The experimental set up is shown schematically in Fig. 1. To control light 

modulation, a wireless ten-key pad was placed near the hand of the test subject, who was asked to 

place his chin on the provided chin rest provided to help maintain a constant viewpoint. The subject’s 

viewpoint was aligned to the central part of the test light, and the luminance of the test light was 

adjusted so that it had brightness equal to the reference light. Figure 2 shows the distance from the 

test light to the reference light (the eccentricity) and the direction of test light presentation. The 
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reference light was presented in the right half visual field including the top and bottom at 90°, 45°, 

0°, 315°, and 270°, with the horizontal right direction as 0° and eccentricity from 5° to 35° at 5° 

intervals. The experiment was repeated for each of the three primary colors of light: red (R), green 

(G), and blue (B). 

 

Figure 1. Experimental set up                 Fig. 2. Eccentricity and direction of reference 

-light presentation 

          

The experimental procedure was as follows: 

(1) The subject adapted to the display brightness for 5 minutes. 

(2) The subject was asked to fix their eyes on the test light at all times during the experiment. 

(3) The reference light was presented, and the subject practiced dimming several times until they 

became familiar with how these levels of brightness felt. 

(4) The subject was asked to dim the brightness of the test light equivalent to that of the reference 

light. 

(5) The brightness of the test light was then reset to the initial value. The display direction and 

degree of eccentricity was changed randomly, and repeated four times. 

(6) The color of the reference light was changed, and steps (4) and (5) were repeated, which 

comprised one set. Thus, the brightness of the test light was compared with that of the 

reference light and measured under the R, G, and B conditions. 

(7) Steps 3 and 5 were performed as measures of the effects of practicing and ordering, 

respectively. 

 

RESULTS AND DISCUSSION 

Figures 3–5 show the relationship between the degree of eccentricity and luminance, for each 

color. For red and blue, the luminance of the test light decreased slightly with increasing degree of 

eccentricity. There was no change in luminance due to the degree of eccentricity for green, and 

luminance decreased slightly in all presentation directions for blue. 

Figure 6 shows the relationship between eccentricity in the horizontal right direction and B/L, 

where B is the luminance of white light (test light) when adjusted to the same brightness as the 

reference light, and L is the brightness of the colored light (reference light). The B/L is ratio 

calculated as the index of the amount of brightness of the test light required to obtain the same 

brightness as the reference light. Figure 6 shows that B/L is highest for blue, and decreases in the 

order of red to green. The same was true for all presentation directions, except in the case of 90° and 

a high degree of eccentricity. 
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Figures 7–9 shows the relationship between the presentation direction for each color and B/L of 

the eccentricity direction. On Figures 7–9, B/L values for 135°, 180°, and 225° mirror those for 45°, 

0°, and 315°. These figures show the brightness sensitivity decreases in the order of B, R, G, except 

when the presentation direction is 90 °. Focusing on the presentation direction of 90 °, it was found 

that the brightness sensitivity of R and G changed little with the degree of eccentricity, but that of B 

was affected by the degree of eccentricity. 
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Figure 4. Relationship between 

eccentricity and luminance for green 

light 

Figure 5. Relationship between eccentricity 

and luminance for blue light 
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CONCLUSION 

This study investigated the perceived characteristics of brightness when colored light was 

presented in the peripheral visual field area. 

The results are summarized as follows: 

(1) Among the three colors, the brightness sensitivity of green light was least affected by the 

degree of eccentricity. 

(2) Brightness sensitivity was highest for blue B/L, and decreased in the order of red to green. 
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ABSTRACT 

Face masks have begun to play an important role in daily life during the COVID-19 outbreak. Many 

manufacturers produce various plain colour face masks to meet people’s needs. However, different 

colour face masks may arouse various emotions among people of different genders. In Taiwan, it has 

been discussed whether pink face masks are feminine. We conducted a series of studies to explore 

colour emotions evoked by plain colour masks. This study investigated the colour emotions of 

different genders in plain colour face masks. We selected 11 plain colour masks which are commonly 

available on the market in Taiwan as our experimental stimuli. Observers were 97 people including 

56 males and 41 females. The questionnaire included 10 pairs of bipolar colour emotion adjectives. 

Descriptive statistics and independent t test were used to compare the emotional reactions of different 

genders to 11 plain colour face masks. The results showed that many emotions for light red, light 

yellow, and bright yellow had statistically significant differences between genders, whereas there 

were no statistically significant gender differences for any of the emotions for strong red, light green, 

soft green, and light blue green. Also, compared with male observers, female observers expressed 

stronger emotions towards each colour mask stimulus. Finally, we found that females and males 

expressed opposite gender perspectives and colour emotions regarding yellow face masks. Male 

observers considered yellow face masks as masculine, whereas female observers thought they were 

feminine. 

INTRODUCTION 

 Face masks have become an important accessory in our daily lives due to the outbreak of COVID-

19. People started to consider wearing various colours to match their attire, and even to express their 

feelings. In Taiwan, a little boy who wore a pink face mask was taunted due to gender stereotypes. 

In Japan, most people supposed that a black face mask evokes negative emotions such as horror or 

severity. Some research has investigated gender differences in many facets of colours 

[1,2,3,4,5,6,12]. We analysed the results of the previous research [11] and aimed to explore the 

differences in the colour emotions of males and females evoked by plain face masks. In this paper, a 

few contributions regarding measuring the colour emotions of plain face masks for males and females 

are made. Gender differences in the colour emotions evoked by plain face masks are summarized. 
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METHODS AND RESULTS 

This study applied the results of our previous study [11]. We accessed experimental responses 

from observers consisting of 56 males and 41 females, and investigated 10 pairs of bipolar colour 

emotion adjectives for 11 plain colour masks. These 10 pairs of bipolar colour emotion adjectives 

were ‘clean/dirty’, ‘warm/cool’, ‘modern/classical’, ‘new/old’, ‘like/dislike’, ‘heavy/light’, 

‘hard/soft’, ‘elegant/vulgar’, ‘fresh/stale’, and ‘masculine/feminine’. The 11 colours of plain face 

masks were black (BK), strong red (sR), light red (ltR), light yellow (ltY), bright yellow (bY), light 

green (ltG), soft green (sfG), light blue green (ltBG), light blue (ltB), light purple (ltP) and light red 

purple (ltRP). Descriptive statistics and independent sample t tests were used to analyse the 

differences in the colour emotions for different plain colour masks from the viewpoint of gender. 

Comparisons were demonstrated in the mean scale value of colour emotions for each plain face mask 

between genders, as shown in Figure 1. The mean values were plus when a plain face mask evoked 

the emotions of ‘clean’, ‘warm’, ‘modern’, ‘new’, ‘like’, ‘heavy’, ‘hard’, ‘elegant’, ‘fresh’, or 

‘masculine’. Conversely, minuses represented the emotions of ‘dirty’, ‘cool’, ‘classical’, ‘old’, 

‘dislike’, ‘light’, ‘soft’, ‘vulgar’, ‘stale’, or ‘feminine’. 

The results of t-test showed that female observers gave higher colour emotion scores than male 

observers for each colour stimulus of most plain masks except warm/cool and fresh/stale. In addition, 

the colour emotions evoked by sfG were steadier than other colours. As shown in Figure 1, there was 

a tendency that colour emotions of the ltR mask were similar to the colour emotions of the ltP or 

ltRP masks. The colour emotions of the ltG mask were close to the colour emotions of the ltB mask. 

We also found that females and males expressed opposite gender perspectives and colour emotions 

regarding some colour face masks. Male observers considered that both yellow face masks were 

masculine (Mmales-ltY = 0.55 and Mmales-bY = 0.14), whereas female observers thought they were 

feminine (Mfemales-ltY = -1.88 and Mfemales-bY = -1.71). Males expressed the emotion of warm for ltB 

(Mmales-ltB = 0.18) while females expressed the emotion of cool (Mfemales-ltB = -0.49) (M* means the 

average scores).  

We used t tests to test the statistical significance of the difference between genders in the same 

colour emotions for each colour face mask (under the level of significance =0.05). The males and 

females differed significantly in their expression of colour emotions (such as clean/dirty, like/dislike, 

heavy/light, hard/soft and masculine/feminine) for ltR, ltY and bY colour face masks ( p < 0.05). The 

emotions of like/dislike, heavy/light and masculine/feminine for ltP and ltRP face masks showed 

significant differences between genders. There existed a significant difference in the emotion of 

masculine/feminine for ltB face mask between genders. The emotion of warm/cool on BK face masks 

showed a significant gender difference. Finally, all emotions for sR, ltG, sfG, and ltBG had no 

statistically significant gender differences. 

 

CONCLUSION 

This study examined colour emotion association with plain face masks by gender. We conclude 

that the present data bring additional findings to the previous experimental results on the 

investigation of plain face masks. Females and males expressed opposite gender perspectives in the 

emotion of “masculine/feminine” for yellow face masks. There were also statistically significant 

gender differences in ltR, ltY and bY masks for many emotions, whereas none of the emotions for 

sR, ltG, sfG and ltBG had any statistically significant gender differences. This paper only focuses on 

the colour of plain face masks and does not discuss texture, pattern, or shape. In the future, we will 

attempt to further analyse colour emotions for various properties of face masks. 
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Figure 1. Mean colour-emotion responses for each bipolar adjective on 11 plain face masks 
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ABSTRACT 

The rainbow color was commonly used to signify alternative genders, particularly in political or 

social movements. However, it is still debatable if the rainbow color actually represented the 

alternative genders. Previous research has shown that purple was more acceptable than the rainbow 

to be the representative color of the alternative gender. However, the previous result only identified 

Munsell hue of the representative color. Therefore, the objective of this study is to identify Munsell 

color which represents the color of the alternative genders. There were 62 alternative gender subjects 

and 60 non-alternative gender subjects. 198 Munsell color chips in the range of Munsell hue 10PB, 

2.5P, 5P, 7.5P, 10P, 2.5RP were presented to the subjects. The subjects were asked to select the color 

chips which were the representative color of the alternative gender. The number of selections was no 

limit. The results showed that the most selected Value/Chroma was 4/12. The most selected color for 

the representative color was 7.5P 4/12 and 2.5P 4/12 respectively.   

INTRODUCTION 

 Nowadays, the classification of gender identity is not limited to only “Male” and “Female”. There 

is a group of people who identified themselves as “Lesbian (L)”, “Gay (G)”, “Bisexual (B)”, 

“Transgender (T)”, “Queer (Q)” and “Other (+)”. The term “LGBTQ+” is generally used to represent 

these people. However, the term “LGBTQ+” is not popularly used in Thailand. People who have a 

variance of gender identity and variance of sexual orientation are normally called “Alternative 

Gender”.  

 The color was used to represent this gender variance in many cases. In 1933-1945, the pink 

triangle was used as a badge to indicate the gay prisoner in a concentration camp during the Nazi 

regime [1]. In 1978, a gay activist, Gilbert Baker designed a rainbow color flag as a symbol of the 

LGBT rights movement. [2]. Until now, the rainbow color was perceived as the representative color 

of the alternative gender. However, this rainbow color was originally used in social and political 

movements. It is still questionable whether the rainbow color is suitable to represent the alternative 

gender in other circumstances. In the concept of minimalist design [3], fewer color is preferable. 

Therefore, a solid color that can refer to the alternative gender is more useful for a designer. For 

example, blue or black were used for male toilet sign and pink or red were used for female toilet 

sign. This standard color code has been already implemented in Japan and will be implemented in 

other countries. However, the rainbow color for alternative gender’s toilet sign is still debatable 

because it is not harmonious to color design. 

 There was very little research that tried to investigate the representative color of the alternative 

gender based on our survey. Rattanakasamsuk et al. (2020) have conducted an experiment to identify 
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the representative color of the alternative genders [4]. A rainbow color, N1, N5, N9, and 40 Munsell 

color chips covered all Munsell Hue were presented to 120 Thai subjects. They were asked to select 

color chips that referred to the alternative gender. The result showed the rainbow color was a 

candidate for the representative color of alternative gender as expected. However, only one of 60 

alternative gender subjects selected the rainbow color as the representative color of the alternative 

gender. Although the rainbow color flag has been used as the symbol of the alternative gender 

movement, Thai alternative gender subjects did not agree to use it as their representative color. Apart 

from the rainbow color, more than 50% of selected color chips were in the purple region. It is 

indicated that purple was more acceptable as the representative hue of the alternative gender by both 

alternative and non-alternative gender subjects. There were six Munsell hues (i.e., 10PB, 2.5P, 5P, 

7.5P, 10P, 2.5RP) that were selected by more than 10% of the subjects. 

 In this research, we conducted an experiment to identified Munsell color of the representative 

color of the alternative gender. The stimuli were Munsell color chips in the region of purple covered 

from 10PB to 2.5RP. Sixty-two alternative gender subjects and sixty non-alternative gender subjects 

were asked to specify color chips which are represented the alternative gender.  

METHODOLOGY 

Stimuli 

 The stimuli were Munsell color chart of 10PB, 2.5P, 5P, 7.5P, 10P, 2.5RP as shown in Figure 

1. The total number of the color chip was 198 color chips. Each color chip subtended two degrees of 

visual angle.  

  

 
 

Figure 1. Schematic diagram of the stimuli.  

(Note: color might not present the exact color appearance to subjects) 

 

Subject 

    The subjects were 120 university students who volunteered to participate in this experiment. All 

subjects had a normal color vision. They were classified into two groups based on their gender 

identity. The first group, "Non-alternative Gender", was 30 male and 30 female subjects. The second 

group was 62 subjects who did not identify themselves as "Male" or "Female". They identified 

themselves as, "Alternative Gender". In the case of the alternative gender subjects, if they agreed, 

we collected their gender identities in detail. They could freely specify their gender identity such as 
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"Gay", "Lesbian", "Transgender", "Tomboy" or "Kratoey (Thai word means a man who wants to be 

a woman)". The subject’s gender identity was shown in Table 1. 

Table 1. Gender identity of the subjects 

Gender Identity Number 

Non Alternative Gender 60 

 Male 30 

  Female 30 

Alternative Gender 62 

 Lesbian 13 

 Gay 14 

 Bisexual 12 

 Transgender 8 

 Tomboy 11 

 Kratoey 4 

Total 122 

 

Experimental Procedure 

 The wall of the experimental room was covered by white wallpaper. There was a table covered 

with gray paper inside the experimental room. The room illuminance measured at the table was 1200 

lux. The stimuli were presented by placing the Munsell color charts on the table. The Munsell chart 

was arranged to be 2 rows and 3 columns as shown in Figure 1. The position of each chart was 

random for each subject. Before starting the experiment, the subjects had to sit inside the 

experimental room for at least two minutes. After two minutes of adaptation, the stimuli were 

presented to the subjects. The subjects were asked to select the color chips which referred to the 

alternative gender. The subjects could select the color chips as many as they wanted. 

RESULTS AND DISCUSSIONS 

     Figure 2 showed the results of the representative color of the alternative gender. Each panel 

represented the result of each hue. The abscissa represented the Munsell chroma and the ordinate 

represented the Munsell Value. Each circle represented the selected Munsell color of the 

representative color of the alternative gender. The size of the circle represented the number of the 

selected color. As described in the introduction part, purple was accepted as the representative hue 

of the alternative gender. In this result, most of the selected Munsell colors representative of the 

alternative gender were the high chroma color. Figure 3 showed the top five selected Munsell colors 

which were 7.5P4/12 followed by 2.5P 4/12, 7.5P 5/10, 7.5P 3/10, 5P 7/8 respectively. Note that the 

appearance of the Munsell colors in Figure 3 were simulated based on the Munsell Renotation Data 

[5,6]. Their color appearance might not be the exact color appearance of these Munsell colors chips. 

These five Munsell colors would be named “Purple” or “Violet” or “Lavender” in English. But in 

the Thai language, these five Munsell color chips would be named “Muang” which covered the 

appearance of “Purple”, “Violet” and “Lavender”. [7,8]   

 Figure 4 showed the selected Munsell color categorized by Value/Chroma. The size of the circle 

represented the number of the selected Munsell color. Regardless of Munsell hue, the highest 

selection Munsell Value/Chroma was 4/12 followed by 5/10, 3/10 and 4/10 respectively. These 

Munsell value/chroma covered more than 75% of the color which were selected to be the 

representative color of the alternative gender. We also asked the subjects for the reason for their 
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selection. Most of them answered that they had experienced the linkage between purple or violet or 

lavender and the alternative gender. In Thailand, before the word “LGBTQ+” was used, “Chao-See-

Muang” which means “purple people” was popularly used to call the alternative gender. Therefore, 

the color chips in the range of high chroma (10-12) which clearly appeared “Muang” would be 

selected to be the representative color of the alternative gender. 

Figure 2. Selected Munsell color of the alternative gender. Size of circle represents 

number of selections. 

 

Figure 3. Top five representative color of the alternative gender by all subjects.  
(Note: color might not present the exact color appearance to subjects) 



 

 

 

 

 ACA CONFERENCE 2021-color and culture  

 175 

 

Figure 4. The selected color of the alternative gender categorized by chroma/value. 

 

 Comparison of the top five selected Munsell colors of the representative color of the alternative 

gender between the alternative gender subjects and the non-alternative gender subjects were shown 

in Figure 5. The area of each color represented the number of selections. 7.5P 4/12 was the largest 

number of the selected color by the alternative gender subjects followed by 7.5P 510, 7.5P3/10, 5P 

7/8 and 7.5P 4/10, respectively. For the non-alternative gender subjects, 2.5P 4/12 was the largest 

number of the selected color followed by 7.5P 4/12, 7.5P 3/10, 7.5P 5/10 and 7.5P 4/10. Even though 

the number of 2.5P4/12 selection was largest for the non-alternative gender subject, the alternative 

gender subjects tended to be not interested in 2.5P 4/12. Its number of selections was very low.  

 

 

Figure 5. Top five representative color of the alternative gender by  

a) alternative gender subjects and b) non-alternative gender subjects. 

(Note: color might not present the exact color appearance to subjects) 

 

 From the subject’s interview, several alternative gender subjects reported that 2.5P 4/12 were too 

bluish. When we asked some alternative gender subjects to do categorical color naming for 2.5P 

4/12, some of them did not categorize 2.5P4/12 into “Purple” but categorized it into “Blue”. An 

interesting result was also found for the alternative gender subjects. Regardless of their sex (physical 

characteristics at birth), 2.5P 4/12 was not selected by any of the alternative gender subjects who 

distinctly expressed the feminine characteristics (Transgender, Kratoey). We still questioned that 

these two aspects would associate with the discard of 2.5P 4/12 by the alternative gender subjects or 
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not. Previous research has shown that there was the existence of sex differences in color preference. 

[9, 10] Female preferred reddish or pinkish color to bluish color. In this research, the feminine 

characteristic alternative gender subjects might prefer reddish purple to bluish purple. However, there 

was a lack of evidence to support this assumption because the tendency to discard 2.5P 4/12 did not 

clearly exist in the case of female subjects.  

 

CONCLUSION 

 In this research, Munsell color of the representative color of the alternative gender was identified. 

The results showed that the most selected Value/Chroma was 4/12. The most selected Munsell color 

was 7.5P 4/12 followed by 2.5P 4/12, 7.5P 5/10, 7.5P 3/10 respectively. There was a slight difference 

in the results obtained by the alternative and non-alternative gender subjects. 2.5P 4/12 was mostly 

selected by the non-alternative gender subjects but the alternative gender subjects rarely selected this 

color.  Therefore, this research indicated that the representative color of the alternative gender was 

7.5 P4/12. Other candidates for the representative color of the alternative gender (i.e., 7.5P 5/10 and 

7.5P 3/10) also can be used to create a color palette for product design for the alternative gender.  
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ABSTRACT 

Color is a significant interior element with the power to influence emotions and behaviors in a 

particular environment. (Cho, J. Y., & Suh, J., 2020). Therefore, various color strategies are applied 

to improve the user experience (O’Connor, 2019). To achieve this, in this content, we use quality 

management method: Quality Function Development (QFD) (Akao,1997) as the tool to analyze the 

appliance of Color Image Scale (Kobayashi, 1981), a Japan-origin color design strategy which has 

been used for more than 40 years in different industries, toward  Taiwanese participants’ visual 

preference among spatial color combinations design of Design Hotel (DH)’s bedroom.  

INTRODUCTION 

 With the economic growth and the development of technology, people can enjoy convenience, 

but meanwhile, individuals are burden by the pressure, to withdraw from the environment, 

recreational travel is an option (Iso-Ahola,1983). Empirical studies indicate that temporary 

accommodation plays a vital role in realizing the main purposes of recreational traveling—rest and 

relaxation, and escape from routine (Iso-Ahola,1983). Therefore, the bedroom interior design of the 

temporary accommodation is worth discussing.   

 Among all categories of temporary accommodation in recreational traveling, Design Hotels (DH) 

is the suitable one. According to XOTELS, an international management company, DH is not luxury 

hotels, but the aesthetic of DH are typically high-styled, especially visual concepts.  

 Since the color of interior design is an essential visual factor. Therefore, in this paper, we conduct 

a two-stage research to investigate the preference tendency of Taiwanese environmental visual 

literacy among the appliance of color combinations that are referred from Image scale for 3-color 

combinations (1987 to present) on DH interior design. Specifically, the findings are based on the 

theory that the Color Image Scale will have differences under different time, space, and different 

industries. (1990, Kobayashi)  

THEORETICAL BACKGROUND 

Color Image Scale 

Color Image Scale is proposed by Shigenobu Kobayashi in 1981, is a notable color theory in 

design. The purpose of this scale is to find out after viewing a specific color or a color combination, 

what perception can individuals can interpret literally. Kobayashi contended to find the standard for 

applying the color theory in Japanese Industries, he abstracted 130 colors and notates them based on 
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Munsell Color System and ISCC- NBS Method of Designating Colors, which is also the method for 

color selection in Japanese Industrial Standards (JIS).  

The Color Image system based on the notations of Munsell Color System: hue, value, and chroma, 

transfer these three attributes into three axes: warm or cool, soft or hard, and clear or greyish, then 

transfer these axes into a Color Space. In order to find the words that connect these axes, the research 

adapts the Japanese language categorize system that was provided by Charles E. Osgood and Hiroshi 

Akuto and seek the relationship of these adjectives toward his axis. After choosing 20-25 pairs of 

adjectives, he started to do Semantic Differentiations (SD) questionnaires with color images showing 

the participants. In the process of the experiment, the finding shows that people are greatly dominated 

by hue and tone, especially when using color combinations in images. Therefore, the research 

converts the color space into a two-dimensional chart, while Hue (warm-cold) serve as the x-axis, 

and tone(hard-soft) serve as the y-axis (Figure 1), and to make it more diverse and specific for word-

color connection, Kobayashi converted the color combination of 4 quadrants into 13 groups (Figure 

2). 

 

 

 

Figure 1.  Image scale for 3-color 

combinations (1974) (Horiguchi & 

Iwamatsu, 2018) 

 Figure 2. Image scale for 3-color 

combinations (1987 to present) 

(Horiguchi & Iwamatsu, 2018) 

 

Also, Kobayashi mentioned, since the scale is psychological, not physical, judgment among 

people will have differences. Thus, it can be reconstructed based on preferences, industries, spatial 

and timing, and all sorts of factors. Therefore, with its credibility and flexibility, we use The Color 

Image Scale as the reference for the color combination in our DH bedroom design, and using QFD 

to quantified the Environmental Visual Literacy of Taiwanese. 

Quality Function Development (QFD) 

The concept was first presented by Yoji Akao in 1966 (Akao,1997). QFD is to conduct research 

processes and analyze research results after understanding customer needs, in order to achieve the 

quality management of the product functions required by the customer. 

This method is a systematic and structured analysis method, from understanding the various needs 

of customers, finding solutions, and then systematically unfolding and analyzing the correlation of 

the matrix to establish the interrelationship between the various elements, so that the product can 

complete the complete quality management before entering the market.  



 

 

 

 

 ACA CONFERENCE 2021-color and culture  

 179 

More specifically, we can distinguish the concept into three main parts: Quality, Function, and 

Development. 

Quality.  

It is the factors that are extracted from that engineering characteristics that are needed to be 

discussed in the process of quality control. In this study, due to the credibility of Color Image Scale 

in industries, we use it as our quality. 

Function.  

It is the customer’s requirements, also “customer’s voice” in this system. In this study, “the 

customer’s voice” stands for the statistic results of environmental visual literacy in the first stage of 

this study. 

Development.  

It is the result of showing what are the orders and factors should be done, in order to achieve the 

quality acquisitions.  In this study, the development is to obtain the participants’ environmental visual 

literacy toward the spatial color combinations in DH bedroom. 

 

METHODOLOGY 

First Stage  

Color Image Scale is psychological, it can be reconstructed (Kobayashi, 1981) (a1) So, based on 

all the 13 groups of adjectives that are provided from Figure 1, we randomly compiled 30 images 

each from hundreds of actual design hotel images available on the web, in a total of 390(13*30) 

images and (a2) let six professionals (who have degrees in interior, industrial and graphic design) 

rate the most 6 corresponding images toward the color combinations provided by the 13 groups 

adjectives. Therefore, a total of 78(6*13) images are selected. (a3) We then create a questionnaire 

asking participants 2 specific questions: a 7-point scale measuring the degree of warm and cold (-

3~3), hard and soft (-3~3), perceived from the set of photos, and ranking their preference of these 

13-groups photos. 

Second Stage  

(b1) Based on the result of the first stage, extract the 3-color combinations and adjectives from 

preference ranking from 1st~3rd; (b2) we then developed a 3D rendering platform of a standard DH 

bedroom using a computer-aided program (Blender) and applied the 12 sets of color combinations 

to it, while due to the placements of color, there are each set has 6 combinations, totally 72 pictures 

are rendered. (b3) Among these 72 phots, the same six professionals in (a3) are invited to rate the 

most preferable image in each set, a total of 12 images are selected. (b4) Based on these 12 images, 

we create a questionnaire asking participants most correspondent adjective toward the picture 

separately, and use QFD to analyze the result for investigating the purpose of this study: Taiwanese 

visual literacy among spatial color combinations of Design Hotel (DH) bedroom environment.  
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RESULTS AND DISCUSSION 

 First Stage 

58 males and females, aging from 20-30, totally 116 participants participate in this stage.  

Question 1.  

Since we only after asking the participants their perception degree of warm and cold (WC), soft 

and hard(HS), from the photos. We analyze the result by descriptive statistics: find the Mode of the 

degree of WC, HS among the 13 groups, and point the position on a coordinate system. To 

correspond the original Color Image scale for 3-color combinations (1987 to present), we set WC 

degree as x-axis, while HS degree as y-axis, is listed below 

 

 
Figure 3.  The Color Image Scale, n=116, Taiwan, 2021 

 

From Figure 3 it indicates that there is a high correspondence of Environmental Visual Literacy 

between the participant and Figure 2, the differences are: (c1) in Cool Casual tends to be softer and 

warmer, which gives individuals the feeling of similarity, II Quadrant of Figure 1; (c2)as for Natural 

and Elegant, compare with the reference they are slightly harder, but also not that significant; (c3) 

lastly, in Classic, participants’ perception slightly tend to be softer and warmer, but also not that 

significant. 

Question 2.  

After quantifying the ranking preference of the participants to these 13 groups of photos, as 

Figure 4, 1ST~3rdare: Natural, Clear, and Cool Casual. The total of these groups are higher than 200 

points, and the ranking of Natural is even higher than 250 points. 
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Figure 4. The Preference Ranking Chart, n=116, Taiwan, 2021, y-axis stands for the 

ranking preference quantification points 

 

Second Stage 

In order to increase the objectivity of the results, another 29 males and 34 females, aging from 

20-30, totally 63 participants participate in this stage. Also, the 3 spatial areas for applying color 

combination appliances in this stage should be considered not only experimental but also reality. 

Therefore, we use ImageJ, an image area checking software developed by National Institutes of 

Health (NIH), to check the proportion (Figure 6) of the DH model image (Figure 5). 

 

  

 

 

 

 

 
Figure 5.  Basic DH model and the area to 

apply the 3-colors combination 
 Figure 6.  Proportion of the color area appliance 

 

After receiving all the results, to build the QFD Matrix, based on the group adjective, we count 

the ratio of each color combination to the adjective chosen by participants: The highest ratio gets 5 

points(notation:◎), the second 3 points(notation: O), and the lowest 1point(notation:△), then fill in 

the central part of the matrix. Secondly, to decide the value of different “customer’s voice”, we take 

the Color Image Chart in Figure 2, and set the spot as the center of circle, and draw concentric circles, 

the closer the distance to the center of the circle, the higher the score, and use this to qualify the high 

and low value toward customer’s need, and then multiply the points that are notated in the center of 

the matrix to get the absolute weighting, and divided the weighting to the total to get the result. All 

three groups of QFD matrixes are listed below: 
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Figure 7. QFD Matrix of Natural 

 

 

 

Figure 8. QFD Matrix of Clear  Figure 9.  QFD Matrix of Cool Casual 

 

Figure 7 shows that in the group Natural, generally the adjective choice (Customer’s Voice) of the 

participant toward the DH model 3-Color Combination (Kobayashi,1981) refers to the literature tend 

more familiar (softer and warmer), and the percentages of all the items are below 20%. Therefore, 

we assumed that the subjects can acknowledge the difference in spatial color, but there is no 

particularly big difference in the degree of preference for each color combination. Figure 8 shows 

that as for the group Clear, only the percentage of DH model 3-Color Combination-Refreshing is 

47.95, which is much higher than 33.3%, as for the other 2, DH model 3-Color Combination-Clean 

and Neat only 26.03%. It indicates that the participants are more sensitive toward DH model 3-Color 

Combination-Refreshing than the other groups. Also, participants’ perception (customer’s choice) 

among DH model 3-Color Combination-Clean and Neat, Neat is relatively strong, they are all 5 

points(notation:△). Finally, for the group Cool Casual, Figure 9 shows that percentages of all the 

items close or even higher than 33%, this means the correspondence between the DH model 3-Color 

Combination and Customer’s Voice is significant and high, and easily to sense the difference in every 

color combination. 

Consequently, from the first stage, despite different statistic analysing methods, the high 

correspondent of among our Taiwanese participants in 2021 and Figure 2, which is done in Japan, 

1987. From the second stage, it indicates that the participants’ color distinguish ability and perception 

in this study, tends to be sensitive in warm and soft colours. 

 

CONCLUSION AND FUTURE STUDY 

To sum up, empirical study contends that historical, geographical and other extrinsic factors can 

affect the neurophysiological factors of a group of people at a certain time, and complex 

neurophysiological factors are involved in visual perceptions (Gordon, 2004). While relation 

between Japan and Taiwan, the tropical island, has been tied by a shared history, common values, 

economic ties, strategic alignment, and social networks between their political and business elite 

(Peng-Er, 2004). In this study also indicates The Colour Image Scale among the Taiwanese 

participants in this study compare with the literature which was done in Japan, 1987, has a high 

correspondence. In addition, the QFD matrixes of this study also show the participants have high 

distinguishable ability and preference among soft and warm colors for DH interior design.  

 In this study, since this is an on-line based study, we can’t assure the difference of colour on 

different devices, also bio-signals are not able to examine.  
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Therefore, in the future study, we will use examine eye tracking machine to understand the bio-

signals from the participants’ pupil, which represents the changing of their mood (Cho, J. Y., & Suh, 

J., 2020), correlates to the respond of the questionnaire.  
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ABSTRACT 

Green visibility ratio (GVR) is one of the important indices for urban environment assessment. The 

GVR is defined as the ratio of the greenery area in an image. Some artificial green objects often exist 

in the urban scene. The discrimination of the vegetation green from other green objects is required 

for automatic GVR measurement.  We proposed a GVR measurement method based on color and 

texture analysis in AIC2015. The implemented system detected the green leaves. However, the 

guideline for the GVR survey published by Osaka prefecture in Japan defined the greenery area as 

vegetation green areas including brown trunks and branches of trees. The detection of trunks and 

branches was difficult for the previous method. This paper proposes the GVR detecting system by 

using the Mask R-CNN. The Mask R-CNN is a segmentation method by using deep learning 

techniques. Our method detects the tree areas and grass areas from images of outdoor scenes by the 

Mask R-CNN and calculates the GVR from the detected area. We trained the Mask R-CNN with our 

original dataset including trees with branches and trunks. In the fundamental stage of our research, 

we found that errors often occurred in the area of overlapped roadside trees. Therefore, the dataset 

including many images of overlapped roadside trees are used for our system. We conducted 

experiments with images taken according to the guideline. The results show good detection of trees 

in comparison with the training without overlapped trees. In a case of an image including roadside 

trees, the proposed method detected only tree area, but the output of the system trained without 

overlapped trees included undesirable areas. In this case, the GVR by manual detection and the 

proposed system were 19.9% and 18.5%, respectively. The experimental results show good 

feasibility of the proposed method. 

INTRODUCTION 

 Green visibility ratio (GVR) is one of the important indices for urban environment assessment. 

The GVR is defined as the ratio of greenery area in an image. The GVR is often used by Japanese 

local governments. The green area is usually detected manually in their survey. There is a method 

for automatic GVR measurement proposed by Takizawa [1], which measures the GVR using color 

information. However, some artificial green objects, such as ad boards and walls of buildings, often 

exist in urban scenes. Therefore, the discrimination of the vegetation green from other green objects 

is required for automatic GVR measurement. We proposed a GVR measurement method based on 

color and texture analysis in AIC2015 [2]. The method detected the green leaves by using green color 

information and fine texture information. However, the guideline for the GVR survey published by 

Osaka prefectural government in Japan defined the greenery area as vegetation green areas including 

brown trunks and branches of trees. The detection of trunks and branches was difficult for the 

previous method.  
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 This paper proposes the GVR detecting system by using the Mask R-CNN. The Mask R-CNN 

[3] is a segmentation method by using deep learning techniques. Our method detects tree areas and 

grass areas from images of outdoor scenes based on the Mask R-CNN and estimates the GVR from 

detected area.  

GVR ESTIMATION BY USING MASK R-CNN 

MASK R-CNN 

 The Mask R-CNN detects objects in an image while simultaneously generating a segmentation 

mask for each object. Mask R-CNN is a region-based convolutional network (R-CNN) that outputs 

masks representing the pixel areas of target objects. The network is trained by images and annotation 

data for objects in these images. The annotation data include the name of objects and the vertices of 

polygon regions of these objects.  

 The Mask R-CNN showed good performance in image segmentation tests for the COCO dataset 

[4]. The code of Mask R-CNN with network trained by the COCO dataset are provided. The COCO 

dataset have 80 object categories, including potted plant category. Trees and grasses are not included 

in the categories of the COCO dataset. It was difficult to detect roadside trees and grasses as potted 

plant by the Mask R-CNN trained with the original COCO dataset. 

Original training data for detection of roadside trees 

 We trained the Mask R-CNN by using our original dataset including trees and grasses. The 

training was done for the pre-trained network by the COCO dataset. In the fundamental stage of our 

research, we trained the Mask R-CNN with dataset with tree and grass images taken from Flickr [5]. 

However, detection errors often occurred in the area of overlapped trees. In urban scenes, there are 

many overlapped trees at roadside. We analyzed errors and found that trees in the training dataset 

were not overlapped. 

 Therefore, we considered the training data and generated new dataset. The new dataset including 

many images of overlapped roadside trees with branches and trunks in urban scenes are used for the 

training of our system.  

GVR estimation 

 Our system detects masks for trees and grasses. The occupancy of green target in an image could 

be obtained as the percentage of mask area in the whole image. Since detected masks often overlap, 

we merged the masks. Then, the occupancy of mask in the image is calculated as the GVR in the 

scene. The detected mask has scores that shows likelihood of the target objects. It is possible to select 

mask by thresholding with scores. 

EXPERIMENTS 

 We conducted experiments with images taken according to the guideline by Osaka prefectural 

government. For evaluations, we constructed a system to visualize detected masks and manual 

detection areas in a scene. Manual detection of trees and grasses for trainings and verifications are 

done by using the VGG image annotator [6]. Figure 1 shows an example of the result. Red area shows 

the detected mask by the proposed method and green area shows the manual detection area of trees 

and grasses. 

 We compared the output of our system with the output by the system trained with dataset that 

don’t include overlapped trees. Example images of tree areas detected manually in each dataset are 

shown in Figure 2. The detection results by these two systems are shown in Figure 3. The results 

show good detection of trees by our proposed system in comparison with the system trained without 

overlapped trees. The proposed method detected only tree area, but the output of the system trained 
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without overlapped trees included undesirable areas. In this case, the GVR by manual detection, the 

proposed system and the compared system were 19.9%, 18.5% and 22.4% respectively. The 

experimental results show good feasibility of the proposed method. 

CONCLUSIONS 

 This paper proposed the GVR estimation method based on the Mask R-CNN that is a 

segmentation method by using deep learning technology. In the fundamental stage of our research, 

the problem caused in the detection of overlapped trees, such as roadside trees. We considered the 

training data of Mask R-CNN for detection of roadside trees. We collected images of scene with the 

roadside trees and constructed a new dataset including many images of overlapped roadside trees 

with branches and trunks. Then, we trained Mask R-CNN with the new dataset. We compared the 

output of our system with the output by the system trained without overlapped trees. The results show 

that the proposed method detected only tree area, but the output of the system trained without 

overlapped trees included undesirable areas. The experimental results show good feasibility of the 

proposed method. As future works, we have plan to evaluate our system quantitatively. 

 

 
Figure 1. Example of visualization of result  

 

 

               
(a) Dataset with overlapped trees          (b) Dataset without overlapped trees 

Figure 2. Example images of tree areas detected manually in datasets with 

overlapped trees and without overlapped trees  
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(a) Input image 

 

   
(b) Output by system trained with overlapped trees 

 

 
(c) Output by system trained without overlapped trees 

 

Figure 3. Example of detection results  
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