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Computer-Aided Color-Combination Design on the Images of
Taste and Olfaction with Color Harmony (1)
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Abstract

Foodstuff is all-important to people. Food
is a necessary part in our daily life that has a
close relationship with taste and olfaction in our
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five sense systems. Besides, color of food, even
the color design of the apparent package would
not only affect our appetites, but the sense flavor
[1]. This study aimed at exploring color
psychological perception about taste image and
olfaction image. Through the quantitative
methods of fuzzy numbers, fuzzy total utility
values and fuzzy utility similarity, a
color-combination evaluation model was built
based on the taste/olfaction image perception.
The experimental results indicated the following
assumptions. (1) The subjects mostly associate
the taste of food with the food’s colors. (2) The
image perceptions of single colors and two-color
combinations on taste and olfaction are highly
identical. (3) Multiple color combinations
decrease the perceptual degree of taste and
olfaction images.

The study proceeds with the taste and
olfaction
single colors, two-color combinations, and three
color combinations to demonstrate the
effectiveness of the proposed method. Finally,
three packaging cases were designed based on
the evaluation of ‘taste’, ‘olfaction’, and ‘taste +
olfaction” images.

image evaluation experiments on

Keywords: Color, Synesthesia, Taste,
Olfaction



1. Introduction

Eighty percentage of our daily received

information is conveyed by the visual system [2].

The overall image perception of a product’s
style is generally induced by its form and by its
color. Tsai et al. [3] investigated the overall
image of a product, and the results showed that
the overall image perception was dominated by
the product’s color rather than by its form.

Many color design researchers keep their
attentions on the synesthesia induced by color
stimuli. The senses of taste and olfaction in
synesthesia are of better consensus and practical
utility. Nowadays, the hardware and software of
computers has reached mature development.
Computer-aided color simulation has become
the dominant method for color design and the
parameterized color systems are adopted for
color presentation [4]. Thus, it is appropriate to
quantify the relationship between color and its
synesthesia for the studies on synesthesia of
taste and olfaction.

Traditional color image-related researches
were usually limited in the discussion issues of
single conceptual image or color-usage
suggestion. They didn’t include the construction
of the objective quantitative relationship
between color and its image. Therefore, this
research focused on computer-aided color
design with the chromaesthesia of taste and
olfaction. It constructed the quantitative
relationship between colors and its image
evaluation of taste and olfaction. The method
integrated with fuzzy numbers, fuzzy total utility
values and fuzzy utility similarity [5,6] were
utilized to build a color-combination evaluation
model based on the taste/olfaction image
perception. Three case studies of color designs
evaluated through the

were individually

proposed method.

2. Implementation Methods
Seven linguistic variables (VL: very low, L:
low, ML: medium low, M: medium, MH:
medium high, H: high, VH: very high) were
used to indicate the color perception degrees on
taste-image and  olfaction-image.  These
variables can be viewed as fuzzy linguistic sets
and quantified using triangular fuzzy numbers.
The implementation procedures used in this
study include the following steps:
Step 1. Quantify the subjects’ judgements
using triangular fuzzy numbers.
LVT = [IVtijk ] 216x5x53 ( 1)
I-VO :[Ivoijk] 216x5x53 <2)
where LV, and LV, denote the linguistic

judgement matrix and the triangular number
Ivt, represents the fuzzy judgement value of
the ith color sample and the jth taste adjective
of the kth subject. So that Ivo, represents

those about olfaction judgements.
Step 2. Calculate the fuzzy average judgement

values.
LV =[Ivti] 216x5x53 !

IVt = (S, ) /53 (3)
k=1

WO = [mijk ] 216x5x53 !

IVOlJ - (ilvoijk ) /53 (4)

where mij denotes the fuzzy average

judgement value of the ith color sample and

the jth taste adjective, and mij represents

those about olfaction judgements.

Step 3. Search for the nearest upper and lower
color samples based on the specified
color parameters.

Step 4. Calculate the weights (w) for the



relationship between the specified
color and color samples using the
RMSE method.

W = 1/RMS :1/\/:1323:([05"]-[cL‘”“])2

(5)

where c,,c, and c, represent the color
parameters R, G and B, respectively.

Step 5. Calculate the image evaluation for the
specified single colors.

Fij _ Fxw +Fxw,

(6)

W, + W,

where F and F; represent the image

values for the ith upper and the jth lower
color samples, respectively.

Step 6. Calculate the total image evaluation

Fow  for  the  specified color

combination.

Fo = (f F,)/(mxn) (7)

ij=1

i(an X Ai)
F =

total n (8)
2A

Step 7. Calculate the total utility values of the

specified color combination.
[ dt-Xmin +
) = (Xmax - Xmin) - (a1 - dt)
Xmax = Gt

) (Xmax - Xmin) + (at - Ct)

9)

U. (R

otal

Step 8. Calculate the utility similarity.
S;(AB) — Uz (A)x U (B)
max(U; (A)x Uz (A), U (B)x U (B))
(10)
Step 9. Choose the corresponding best
linguistic adjective for the taste-image
and the olfaction-image.

To check the reliability of the proposed
evaluation model, the RMSE values between the
evaluated results and the experimental data were
obtained, shown in Figure 1.
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Figure 1 RMSE values between the evaluated
results and the experimental data

3. Color Design Examples
3.1 Case 1: color design for the package of
taste-related food

A two-color pickle gift package was taken
in the current study as the color-design example
of the taste-related merchandise. Two colors of
the green/pink tone with their RGB parameters,
Ci1(177, 216, 86) and C,(219, 81, 109), were
specified for this design (shown as Figure 2).
Designer A intended this design felt sour, sweet
and a little spicy for the accordance with the real
pickle inside. The color area ratio of C; and C,
is 0.4 versus 0.6. Through the proposed image
evaluation model, the taste-image similarity
result was calculated in Table 1. It shows that
the sour and sweet images is nearest to medium
degrees (the corresponding intensities 0.90 and
0.87), and the spicy image is nearest to medium
low degree (intensity 0.86). Therefore, the
designer might check whether the evaluation
meets his/her image goal and modify the color
setting.
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Figure 2 Taste-based color design for the
package of pickle

Table 1 Taste-image similarity of case 1

Linguistic variables sour sweet bitter spicy salty
Very Low 010 011 0.17 016  0.20
Low 038  0.39 0.64 059  0.75*
Medium Low 074 077  080* 086* 0.68
Medium 0.90* 087* 054 057 045
Medium High 068 065 040 043 034
High 054 052 032 035 027

Very High 047 045 028 030 024

3.2 Case 2: Color design for the package of
olfaction-related merchandise

The second case was the color design for
olfaction-related package. The Taiwanese high
mountain tea was chosen as the subject.
Three-color combination is required for this
design. The B designer specified these three
colors with the RGB values as (221,233,187),
(163,206,81) and (56,52,49), shown as Figure 3.
Then the olfaction-image similarity was
calculated and the result indicated that the
images of fragrant and fresh are higher (medium
intensity) than those of the other three olfactory
adjectives, stinky, offensive and pungent
(medium low, low, and medium, respectively).

TEA

= W x

Figure 3 Olfaction-based color design for the
package of Taiwanese high mountain tea

3.3 Case 3: color design for the food package
considered with its taste and olfaction

The third color design considered both taste
and olfaction images. An durian gift package
with the three-color combination was chosen as
the objective product. The present RGB setting
are (233,170,77), (225,252,200) and (110,71,44),
shown in Figure 4. The C designer intended the
color design felt sweet and fragrant images. The
calculated result showed that the fragrant image
is the highest, but the sweet image is medium
low. Therefore, it revealed that the current color
design should be appropriately modified to meet
the sweet image requirement.

——————————
Figure 4 Taste and olfaction based color design

for the durian gift package



4. Conclusion

Color plays a key role for customers in
determining what they like or dislike. Although [4]
many of the tasks performed by a designer at the
color-planning design stage involve the
consideration of user’s perception of the
package’s color, very few computer-aided
design systems are available to support these [5]
design activities. A quantitative evaluation
method based on the RGB (i.e. R(Red), G(Green) [6]
and B(Blue)) color system is proposed in this
article. The proposed model helps designers to
diagnose their color design and to recognize the
tendencies about the taste and olfaction images.
Thus, the color scheme might be redesign for
several times towards the desired taste and
olfaction images.
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This study aimed at exploring color psychological perception about
taste image and olfaction image. Through the quantitative methods
of fuzzy numbers, fuzzy total utility values and fuzzy utility
similarity, a color-combination evaluation model was built based on
the taste/olfaction image perception. The experimental results
indicated the following assumptions. The automatic design system
proposed in this study enables designers to rapidly simulate the
designed colors of a product and then obtain its corresponding taste
and olfaction image evaluation.
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