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his paper presents a newmethod of color aesthetic evaluation based on the combination of form and color. According to the human
visual physiological and psychological characteristics, this paper irst proposes a new form-color ield theory for the coupled form-
color aesthetic evaluation based on the psychophysical ield theory and the Moon and Spencer model. Second, it builds a coupled
form-color topological graph for describing their interaction and develops a strength calculation algorithm for color harmony
based on the new form-color ield theory. Finally, it develops an aesthetic measure evaluation model for coupled form-color ields
to evaluate the new theory.he experiment results show that the new coupled form-color aesthetic evaluationmethod is useful and
can be integrated into an intelligent evaluation process for color design scheme.

1. Introduction

Nowadays, the functional aspects of many consumer prod-
ucts used in daily life are fully matured. For products with
similar functions, their visual images become an important
factor in a consumer’s shopping decision-making process
when deciding which particular product to purchase. he
overall image perception of a product’s style is generally
induced by its form and color. he coupled form-color
perception on a product plays a crucial role in today’s
increasingly competitive marketplace. herefore, having a
desirable product style is very important for product design,
and in turn having aesthetic evaluations on product styles is
very necessary in a product design process.

In order to evaluate the aesthetic of each form and color,
many researchers have studied a lot of examples to analyze
what kind of form and color is beautiful. Sato and Oda
[1] studied the importance of color and shape to aesthetic
evaluation by experiments. he analysis indicated that the
aesthetic evaluation of colored shape was inluenced by both
the color and shape components and the shape component
had stronger inluence on that of the colored shape though

color has the irst impressions in the aesthetic evaluation of
product design. At the same time, color harmony is one of
the most important indicators in the aesthetic evaluation of
color.

Aesthetic measure of form and color design has enor-
mous signiicance in art and design. While the basic mech-
anisms of color perception have been extensively studied,
the semantic and aesthetic aspects of color are still poorly
understood. here is a long trail of research into color
aesthetic [2–5]. Ou et al. [6] tested the relationship between
color harmony and single-color associations and color-
combination association by color experiment and established
a model of color association and harmony. But the models
of color associations and harmony lack consideration of
other design elements, such as shape, texture, and product
functionality; therefore, it may only apply to speciic layout
designs or speciic industry sectors. In a later study [7], the
same authors studied the rule of the three factors of hue (�),
chroma (�), and lightness (�) of color efect on the color
harmony. However, the model was developed using uniform
color patches placed side by side and the test data set was
also based on uniform color patches with a medium gray
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background. herefore, this model may be not applicable to
all possible color combination types, shapes, textures, and
background colors. Furthermore, this model is limited to
combinations of two colors.

Tsai and Chou [8] used a 3D model of the lask rendered
with arbitrary colors by adjusting the RGB parameter values
at random to study and develop an automatic design support
method based on the principles of aesthetic measurement,
gray theory, and genetic algorithms, respectively, and to
generate and evaluate color-design candidates. However, the
design support system is limited to two-color designs and a
single-color association scale. In another study of computer-
aided product color design with artiicial intelligence [9], Tsai
et al. established the relationship betweenmulticolored prod-
ucts and their images and introduced a method using gray
theory, aesthetic measurement, and a genetic algorithm to
generate and evaluate color-design candidates automatically.
However, this study did not cover the color harmony afected
by the coupling of form and color.

Kimura et al. [10] have investigated the efect of the
similarity of afective meanings on harmony between shape
and color, and they have revealed the factor determining the
harmony.

Form and color appear always together in product design
and both of them have the important inluence in color
aesthetic evaluation; therefore, this paper will focus on the
study of the calculationmethod of aestheticmeasure based on
the coupling of color and form.hemain contributions of this
paper are as follows: (1) proposing the aesthetic evaluation
method and theory for a multi-color-form coupled ield;(2) developing a form-color topological graph based on
morphology topology to represent their relationships and
realizing the visual expression and calculation of form and
color; (3) achieving the harmony intensity evaluation of a
coupled form-color ield ranging from being qualitative to
being quantitative based on the theory of psychophysical
ield. Its lowchart for color aesthetic measure evaluation is
shown in Figure 1.

2. The Theoretical Foundation of
Coupling Form and Color Aesthetic
Evaluation Together

2.1.heColorAestheticMeasureheory. G.Birkhofhas given
the principle of unity-in-multiplicity, a deinite quantitative
formulation. he aesthetic measure � of an object may be
deined by the general equation

� = �
� . (1)

Accordingly, the aesthetic measurement method pro-
posed by Moon and Spencer (MS) [11] is used to evaluate the
overall color harmony image of a product rendered with two
diferent colors. his measure is deined as follows:

� = ∑��=1���� + �ℎ + �
V
+ �� , (2)

in which � is the aesthetic measure of a color, � is
the number of orders, and � is the complexity. Consider
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Figure 1: he lowchart of color aesthetic evaluation.

�� = �ℎ� + �V� + ���. Any two colors of a color scheme
form a color logarithm, �� is the reconcile factor of the color
logarithm, and �ℎ�, �V�, and ��� are the reconcile factor of
hue, value, and chroma. � = 1, 2, . . . , � is the serial number
of colors, � is the number of all the color logarithms, �� is
the number of colors, �ℎ is the number of color logarithms
with diferent hue, �

V
is the number of color logarithms with

diferent value, and�� is the number of color logarithms with
diferent chroma.he harmonic aesthetic feeling between the
diferent colors can be concluded through the calculation of�.

However, the MS aesthetic measure model is based on
the theory of two-dimensional harmonics [7] and it is not
clear how to apply it to the harmony evaluation problemwith
more than three colors, such as (a), (b), and (c) shown in
Figure 2; according to the theory ofMS, there is no diference
in the aesthetics of those color graphics, but there are large
diferences in human’s visual feeling because of the diferent
form and relative positions of those color graphics. he
reason is that form is not evaluated in the aesthetic measure
as a factor coupled with color.

herefore, in this paper, form is taken into account in the
aesthetic evaluation process as an important factor based on
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(a) (b) (c)

Figure 2: he diicult examples of MS color harmony theory.

the MS color harmony theory and we put forward a cou-
pled form-color ield aesthetic measure evaluation method
according to the theory of psychophysical ield.

2.2. he Concept of a Form-Color Field. Gestalt psychology
is an important foundation to the cognitive and visual
computing theory [12]. Koka introduced the concept of
“psycho-physical ield” based on this theory and pointed
out that the visual ield has the characteristics of physical
ields [13]. Physical ield reveals the nature and laws of
many psychological phenomena and provides an important
foundation for the quantitative research of image.

In this paper, we introduce the concept of color block and
form-color ield based on the theory of psychophysical ield.

Deinition 1. A color block is an independent area with a
certain shapewhich is composed of one color. For example, A,
B, C, D, and E are ive color blocks in the color image shown
in Figure 3.

Deinition 2. Form-color ield is the mental image where an
objective image (including the form and color) takes shape in
the visual cortex of human’s brain [14, 15].

2.3. Topological Graph of Form. Due to the variations of
the spatial relations between color blocks with the diferent
composition of form,we could express the spatial relationship
of color blocks using topological diagram.

Deinition 3. Color block topological graph is an undirected
graph with color blocks as the vertices and the adjacency
relationships as edges. he topological graph of A, B, C, D,
and E in Figure 3 is shown in Figure 4.

According to the combination of color blocks and their
positional adjoining relationships, the topological relation-
ships between color blocks could divide into direct con-
nection relationship (DC) (such as AB, AD, AE, and BC)
and indirect connections relationship (IC) (such as AC,
BE, and BD). he indirect connection relationship can be
further divided into long indirect connection (such as CD

A

B
C

D

E

Figure 3: he color blocks in a color image.

A

BD

E C

Figure 4: he form topological graph of color block.

and CE) and short indirect connections (such as AC and BE)
according to the length of the path between the diferent color
blocks (it is measured as the sum of pixel-distances between
two color blocks).

2.4. Coupled Form-Color Topological Graph. Ater having
clear spatial topological relations of each color block, this
paper introduces the concept of harmonic intensity and
develops a coupled form-color topological graph based on the
topological graph of color blocks to elucidate the law of how
the layout of forms afects the color harmony.
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Figure 5: Coupled form-color topological graph.

Deinition 4. Harmonic intensity (�) refers to the impact
measure of the harmonic relationship among the diferent
form-color ields of a color image and it could be divided into
four types that are strong, middle, weak, and nonharmonic.
he corresponding fuzzy value could be set as 1.0, 0.6, 0.2, and
0.

Deinition 5. Coupled form-color topological graph �(�, �)
is a harmonic relationships graph among diferent color
blocks that is reestablished from the topological form graph
of the color blocks by coupling (associating) each edge with a
corresponding color harmonic intensity. he corresponding
coupled form-color topological graph of Figure 3 could be
shown as Figure 5.

Setting the vertices of a �(�, �) as � = {V1, V2, . . . , V�},��� express the strength of a connection relationship between
the color blocks V� and V�, so, a related strengthmatrix�(�) =(���)�×� can be established, shown as follows:

�(�) =

V1 V2 ⋅ ⋅ ⋅ V� ⋅ ⋅ ⋅ V�
V1
V2...
V�...
V�

[[[[[[[[[
[

�11�21...��1...��1

�12 ⋅ ⋅ ⋅ �1� ⋅ ⋅ ⋅�22 ⋅ ⋅ ⋅ �2� ⋅ ⋅ ⋅... ⋅ ⋅ ⋅ ... ⋅ ⋅ ⋅��2 ⋅ ⋅ ⋅ ��2 ⋅ ⋅ ⋅... ⋅ ⋅ ⋅ ... ⋅ ⋅ ⋅��2 ⋅ ⋅ ⋅ ��� ⋅ ⋅ ⋅

�1��2�...���...���

]]]]]]]]]
]

. (3)

he calculation of the harmonic intensities in �(�) is
the key fundamental issue to establish the coupled form-
color topological graph and mathematical model [16]. It
will directly afect the application of the coupled form-color
topological graph in the color aesthetic intelligent evaluation
system.

3. The Algorithm to the Harmonic Intensity of
Form-Color Field

In this paper, a harmonic intensity evaluation model to
the complex image is established based on the theory of
psychophysical ield and human’s visual feeling [17] in the
process of aesthetic evaluation. his model is useful to

a

b

c

de

Color block Colors

(A)

(B)

a

b

c

d

e

Value of HV/C

10/

0.6GY9.7/6.1

3.1Y8.3/12.4

6YR7.1/13.7

9.5R5.9/17.2

Value of RGB

255, 255, 255 

255, 255, 155

255, 204, 9

255, 154, 0

255, 91 , 0

Figure 6: he type of color block and its color information.

the expert system to realize the automatic evaluation of the
computer intelligent system to color harmony aesthetic.

3.1. he Measure Method of a Form-Color Field

3.1.1. Measure of the Strength of Color Field. Based on the
Munsell color calibration system, when we set the potential
of gray in the psychophysical ield as �0, each color �� has a
diferent potential��. So the expression of potential diference
between colors �� and �0 is

�� = �� − �0. (4)

�� can be described by three independent components(��, ��, ��), which could be transformed from the correspond-
ing HVC coordinates and the conversion formula is

� = � cos ℎ,
� = � sin ℎ,

� = V.
(5)

Setting the origin coordinates of a gray point potential as(0, 0, 0), the potential (energy), determined by the attributes
of a color ield, can be expressed as a Euclidean distance:

�� = √�2� + �2� + �2� . (6)

So, the expression of the potential diference between the
two color ields �� and �� is

��� = √(�� − ��)2 + (�� − ��)2 + (�� − ��)2, (7)
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e2e1 e3

Figure 7: he image of strength distribution of form-color ield.

in which ��� is the potential diference of two form-color
ields (��, ��, ��) and (��, ��, ��) expressing, respectively, the
potential coordinates of two form-color ields.

3.1.2. Unit of Measure of a Visual Field. According to the
visual characteristics of human [18], the relationship between
the visual acuity of a point and the visual resolution or the
minimum perceived threshold is

� = 60
�max

, (8)

in which � is the visual resolution and its unit is second.�max is the biggest visual acuity of the central fovea. So,
the computational formula of the diameter of the minimum
resolution cell of one visual ield is

� = � tan � ≈ � ��
180 × 60 × 60 = � �

10800�max

, (9)

in which � is the range of visibility and � is the diameter of
the minimum sensor unit and its unit is mm.

3.2. Algorithm for Computing Harmonic Intensity of

Form-Color Field

3.2.1. he Calculation Principle of Harmonic Intensity. Sup-
pose the area of a form-color ield � is � and its average
diameter size is �; then the amount of perception of � is
represented as

� = ��
�2 , (10)

inwhich � is the number of perceived units of form-color ield
and � is the correction factor of the amount of perception.

According to the psychophysical ield theory, the har-
monic intensity formula between form-color ields �� and ��
is

��� = �1��� �����2�� . (11)

Here ��� is the distance of visual perception between the
color blocks �� and ��, which could be related to the visual
focus.

Because the color harmonic intensity range was set as 0∼1
in the actual observation, in order to evaluate the computa-
tional method and model by comparing the computed value
with actual observation results, the harmonic intensity needs
to be modiied to its square roots prescription:

√��� = (�1�������)1/2��� . (12)

3.2.2. he Example Analysis. Taking Figure 6(A) as an exam-
ple, there are 5 color blocks, namely, a, b, c, d, and e, and their
color information is shown in Figure 6(B).

Ater calculating the ield strength of various colors
according to our computational model, we obtained the ield
strength distributions of a single form-color ield a, b, c, d,
and e as shown in Figure 7, where “Δ” is the location of the
visual focus. Ater that, we applied formulas (11) and (12)
to calculate the harmonic intensity value � between paired
form-color ields as shown in Table 1.he table also shows the
normalized values (normalized by the maximum harmonic
intensity value under each viewpoint).heir distributions are
given in Figure 8.

3.3. Experiment for Harmonic Intensity. he harmonic inten-
sity of � is varied with the color, form, size, and their topo-
logical relationships. Since people’s psychological feeling has
uncertainty, randomness, and fuzziness, it is easier to describe
an actual harmonic intensity with a fuzzy variable [19]. In
the paper we designed a psychophysical experiment to verify
the results of the experiment and the fuzzy quantiication
calculation of the harmonic intensity of Figure 6 [20].

In this experiment we invited 40 industrial design under-
graduate students and their ages range from 20 to 25. hey
had been trained with color design for two years and with
good color perception. With a D65 standard light as the
source environment, the image was displayed on a 17��

computer screenwhich had been adjusted to the color system.
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Figure 8: he distribution graph of color block.

hose students were required to sit 0.8 meters away from
the screen and to adjust the seat to keep the line of sight
vertical to the screen. hen, they were asked to observe
the image quickly in Figure 6 within 1 minute and describe
the harmonic intensity feeling of two color blocks with
the language such as “strong, quite strong, intermediate,
quite weak, weak, and nonharmonic relationship.” From the
descriptions, we established the corresponding fuzzy values
as follows: 1.0∼0.8, 0.8∼0.6, 0.6∼0.4, 0.4∼0.2, and 0.2∼0.
According to the language descriptions of the observers,
we quantiied the qualitative descriptions with the fuzzy
quantitative values. he fuzzy quantitative results and the
order of harmonic intensity of two color blocks are shown in
Table 2.

Comparing Table 1 with Table 2, it is clear that the results
of harmonic intensity order with diferent visual focus agree
with the experiment results between two color ields. his
result proved the efectiveness of the proposed algorithm.

However, there are some inconsistences with the harmonic
intensity order of some form-color ields. he reason is that
this example only calculated one visual focus, not considering
the actual observation of the efect of visual attention. How-
ever, when we calculated the average of harmonic intensity
of three diferent visual focuses, the order of the harmonic
intensity of two color blocks is the same.

4. Conclusion

In this paper, we put forward the concepts of form topological
graph, coupled form-color topological graph, and the har-
monic intensity model based on the theory of psychophysical
ield and graph. We summarized the inluence factors of
color aesthetic measure such as color area, the distance,
and the connection style of color blocks by psychophysical
ield experiment and established a harmonic intensity model.
he model not only has important signiicance to reveal



Mathematical Problems in Engineering 7

Table 1: he harmonic intensity of color blocks.

Color block

Visual focus

e1 e2 e3 Average

Harmonic intensity

� √� Normalized � √� Normalized � √� Normalized � √� Normalized

�ab 6.5782 2.56 0.087 2.0987 1.45 0.069 7.9441 2.82 0.11 5.5403 2.35 0.1

�ad 7.4501 2.73 0.09 5.3126 2.31 0.11 15.9642 4 0.15 9.5756 3.10 0.13

�cd 19.3815 4.4 0.15 14.1301 3.76 0.18 30.3586 5.51 0.21 37.9550 6.16 0.27

�bc 71.5843 8.46 0.29 17.2875 4.16 0.20 49.3929 7.03 0.27 46.0882 6.79 0.29

�ae 68.1364 8.25 0.28 34.3001 5.86 0.29 146.4624 12.1 0.46 82.9663 9.11 0.39

�bd 135.8970 11.66 0.4 76.8771 8.88 0.42 82.9019 9.11 0.35 98.5586 9.93 0.43

�ac 89.6409 9.20 0.32 37.5940 6.13 0.29 259.4902 16.11 0.61 128.9083 11.35 0.49

�de 363.265 19.05 0.65 443.45 21.06 1 395.78 19.89 0.76 401.4983 20.04 0.86

�ce 486.4252 22.05 0.76 219.891 14.83 0.7 694.08 26.34 1 466.799 21.61 0.93

�be 849.344 29.14 1 306.186 17.5 0.83 456.3678 21.36 0.81 537.2995 23.18 1

Table 2: he fuzzy quantitative results of the color harmonic intensity.

Color block
Intensity range

� = 0.8–1.0 � = 0.6–0.8 � = 0.4–0.6 � = 0.2–0.4 � = 0–0.2

be 100% 0 0 0 0

ce 100% 0 0 0 0

de 97% 0 3% 0 0

ac 0 0 100% 0 0

bd 0 0 86.7% 13.3% 0

ae 0 6.7% 0 93.3% 0

bc 0 0 6.7% 90% 3.3%

cd 0 13.3% 0 86.7% 0

ad 0 0 0 6.7% 93.3%

ab 0 0 0 0 100%

the harmony mechanism of the form-color ield but also
has important academic values for artiicial intelligence,
cognitive science, perception science, and the development
of psychology.
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