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Abstract: The formation of the globalization pattern of regional ethnic culture brings new opportuni-
ties for the sustainable development of cultural capital. In order to solve the problem of mismatch
between the high development demand of regional ethnic costumes and their traditional design
methods, this study proposes an innovative design method for regional ethnic traditional costumes,
taking the Yunjian, a cloud-shaped sash-like shoulder garment as an example. Firstly, we deeply
explored the historical and cultural connotation of the Yunjian through fieldwork and literature
research. Then we sorted out and refined its elements, colors and structural features. We classified the
patterns according to the composition forms and clarified the path of pattern creation based on fractal
theory. We combined the representative elements of Yunjian with the fractal algorithm and proposed
the design model of Yunjian fractal pattern. Finally we verified the feasibility of the proposed design
method through design practice. The results show that the Yunjian garment created by the method of
this paper can better reflect the characteristics of fashion art and ethnic culture.

Keywords: sustainability; digital design; regional ethnic culture; cultural capital; revitalization;
Yunjian; traditional garment

1. Introduction

Ethnic traditional costumes are not only intangible cultural heritage carrying the spirit
and centripetal force of national culture, but also cultural capital and wealth containing
great revitalization value [1]. With the formation of the globalization of regional ethnic cul-
ture, Chinese regional fashion has become part of the global popular style [2]. The Yunjian
is a unique costume item placed on the shoulder in ancient China, which has a rich art form
and profound cultural heritage, and has a prominent position and high research value in
the Han Chinese costume culture. The culture of traditional Yunjian garments is constantly
being explored and moving towards the world fashion stage. This market-oriented fashion
phenomenon has transformed the regional ethnic “cultural heritage” into “cultural capital”
that can be transferred, and brought opportunities for sustainable development to the re-
gional ethnic traditional culture, which was facing a crisis of discontinuity. The worldwide
popularity of Chinese traditional costume styles has put forward higher demands on the
design and development methods. With the development of artistic aesthetics and value
experience, the emerging culture of ethnic fashion has changed the clothing consump-
tion behavior of modern people. More scientific and efficient innovative design methods
that take into account ethnic characteristics and modern fashion need to be researched
and developed.

The rapid development of science and technology can give new possibilities to artistic
expression. Research on the innovative design of costumes is not uncommon, but most
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of the studies focus on material and functional innovations. Few researchers have intro-
duced computer algorithms into the innovative design of ethnic costumes with remarkable
results. Nowadays, fractal algorithms have received a lot of attention from researchers.
Mathematician Mandelbrot was the first to use the term fractal to describe a figure or
phenomenon with similar properties. Fractal patterns contain self-similarity between the
whole and the parts, with the possibility of infinite iteration and repetition. Currently,
there is a lot of literature applying fractal theory to modern design. A Laubsted explored
the mathematical logic behind fractal geometry and fractal art [3]. JZ Zhang et al. used
fractal geometric methods to analyze traditional furniture shapes and decorative arts, and
concluded a design method applicable to furniture shapes in practice [4]. JC Driscoll used
fractal dimension and Vollendorf method to create unique fractal compositions and tried to
apply them in architectural design development [5]. However, fewer research results have
applied fractal theory to the design of regional ethnic traditional costumes with fractal art
features and concluded a proven systematic approach. The Yunjian costumes created by
ancient Chinese ancestors are not lacking in fractal art features, but have not been formed
into a scientific and systematic pattern design system based on fractal theory. This study
proposes an innovative method for Yunjian costumes based on the Newtonian function
model, aiming to expand a new way of inheritance, innovation and application of national
costumes.

2. Research Background

Yunjian is draped over the front and back of the shoulder. In Chinese, the meaning
of “Yunjian” is “a colorful cloud on the shoulder”, because people wear it as beautiful as
a colorful cloud. Yunjian was developed during the Five Dynasties and Ten Kingdoms
period (907–979 AD). At that time, it had no decorative meaning. It was mainly used to
protect the collar and prevent the hair from staining the clothes. During the Qing dynasty,
the decorative meaning of the Yunjian was greater than its practical function, and it became
an indispensable decorative garment for women as part of their wedding ceremony. The
Yunjian was rich in color, beautifully crafted, and had a very distinctive structure and
design. In this section, we will introduce and analyze the pattern themes, color rules and
structural features of the Yunjian.

2.1. Pattern Theme

Most of the patterns in traditional Chinese folk costumes come from life and are
influenced by the background of the times, people’s beliefs and local customs [6]. The
common pattern images in Yunjian can be broadly divided into plant, animal, character,
artifact and text categories. The common plant themes are pomegranates, grapes, pumpkins,
loquats, and so on. The Chinese pronunciation of “many seeds” is the same as “many
sons”, so the Chinese people give pomegranate an auspicious meaning of many sons and
many blessings. People also like the round shape and golden skin of pumpkins, which
they believe symbolizes completeness and wealth. The long, curved and tough vines of
the pumpkin symbolize longevity and family prosperity. In addition to the melon and
fruit patterns, the lotus flower, which symbolizes harmony between husband and wife,
and the peony flower, which symbolizes wealth and elegance, are also common motifs
in the Yunjian. Animal motifs include bats, butterflies, Chinese unicorn, cranes, dragons
and phoenixes. The Chinese pronunciation of “bat” is the same as “happiness”, so bat
patterns are loved by Chinese people as a symbol of happiness. The Chinese unicorn is
a mythological animal in China. In mythology, the appearance of the Chinese unicorn
usually means that good things are about to happen. As a symbol of hope and good luck,
the Chinese unicorn pattern is often found in the clothing of Chinese nobility. Ruyi, coral,
pearl, vase, ivory and other objects are also common subjects for auspicious patterns. Word
patterns are usually derived from the deformation of words with auspicious meanings and
good wishes, such as Shou (longevity) word patterns, Wan (ten thousand) word patterns
and Xi (joyful) word patterns. Character patterns are mainly chosen from the subjects of
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maids, babies, couples and so on. These characters usually form lively scenes of life, such as
farming, marriage, boat trips, flower viewing, children playing, etc. The common patterns
in the five main themes and their line drawing extracts are shown in Figure 1.
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2.2. Color Rules

The color scheme of the Yunjian garment follows the two traditional color rules
of “Homochromatic system” and “Contrast color system” in ancient costumes. Yunjian
costumes commonly use five colors (white, cyan, black, red, yellow) as the main colors for
large areas, while using related average colors for auxiliary embellishment. The same color
series of Yunjian focuses on the harmony and unity of colors. Contrasting colors are used to
adjust the color according to brightness, purity and area size to achieve a lively visual effect.
There has been related literature that classifies Yunjian colors into three categories according
to the rules of color usage, which are primary colors, auxiliary colors and decorative colors.
Primary colors of Yunjian mainly refers to the fabric base color. Auxiliary colors refer to
the embroidery, applique and other process colors to meet the overall or local modeling
needs of the garment. Auxiliary colors usually have no obvious effect on the visual effect
of Yunjian colors. The decorative colors mainly refer to the complicated, small block of
gorgeous colors in the Yunjian costume.

2.3. Structural Features

Although the Yunjian is used as a costume accessory most of the time, it is worn in the
visual center of the body. Therefore, it plays an important role in the overall structure of the
costume. The modeling of Yunjian has unique artistic charm and regularity, its structure
can be divided into hierarchical structure and external structure [7].

The hierarchical structure of the Yunjian can be divided into four categories: the
single-piece structure, the multi-layer structure, the connected structure and the mixed
structure. Different structure of Yunjian gives people completely different style feeling.
The earliest Yunjians were basically symmetrical single-piece structures that were simple,
lightweight, and suitable for children to wear. Modern children’s bibs are developed from
this. The multi-layer structure are single pieces of shaped Yunjians laminated together,
this kind of design is ordered and looks richer. The connected structure Yunjian is light,
it consists of the overall shape breaking down and cutting off the excess padding parts
to form the skeleton, and then putting it together in an orderly manner. The connected
structure Yunjian is more complex, it not only requires fine single piece, but also pays more
attention to the overall arrangement effect. The mixed structured Yunjian combines all of
the above forms and is more elegant and refined.

The appearance structure of the Yunjian can be divided into two types: centrifugal
structure and centripetal structure. The centrifugal structure is centered on the neckline
and spreads out in a straight line to lead the sight outward. The centripetal structure is a
contraction from the periphery to the center, and the visual center is more focused. When
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the Yunjian is worn on the body, its shape outline can be divided into crescent-shaped,
semi-circular and T-shaped, as shown in Figure 2.
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Figure 2. Cloud shoulder structure and shape.

Analyzed from the overall visual effect, the Yunjian has rich formal aesthetic character-
istics. The modeling of the Yunjian reflects an orderly aesthetic, with a sense of symmetry
and balance between the individual pieces. The same single-piece shape and form are used
repeatedly, while the decorative elements are varied to give it a sense of rhythm.

3. Research Methods
3.1. Elemental Derivation Methods

This study focuses on the derivative design of pattern elements through the morpho-
logical displacement method. The morphological displacement method can summarize the
derivation process of the elements into a regular design language [8]. The basic elements
of the Yunjian pattern are moved in a directional way by the morphological displacement
method, and the size of the elements and the logic of the displacement trajectory can be
changed during the movement. We take the classical element of the Yunjian pattern, Ru
Yi pattern, as an example, and show 8 predefined rules of morphological displacement
derivation in Figure 3. The combined use of different rules and their derivation results are
shown in Figure 4.
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3.2. Color Extraction Method
3.2.1. K-Means Clustering Algorithm

Color design is one of the most direct ways to convey the aesthetics of a garment [9].
Clustering algorithms can merge and extract colors from existing patterns based on a preset
range of color fields. k-means is an iterative solving algorithm for cluster analysis [10].
It uses a circular positioning technique to translate different intervals to improve the
quality of interval delineation. The algorithm selects K objects as initial clustering centers.
The algorithm assigns each object to the closest cluster center and calculates the distance
between each object and the center. When all objects are assigned, the cluster centers are
recalculated based on the existing objects in the class. Applying the k-means clustering
algorithm to Yunjian pattern color extraction and making color cards can analyze the color
distribution more accurately and quantitatively [11,12].

3.2.2. Color Analysis Method Based on HSB Model and L*a*b* Model

Compared with the common RGB and CMYK color models, L*a*b* is a description
model with a wider range of colors [13]. Considering that Yunjian garment focuses more
on subjective color imagery feeling in artistic expression, we introduced HSB model, which
is closer to human sensory intuition based on L*a*b* color model. In this research, the two
color models L*a*b* and HSB are combined to analyze color. We extracted the RGB values
of the colors in Adobe photoshop, and obtained the L*a*b* color axes by converting the
RGB values through the XYZ intermediate parameters. The specific calculation is shown in
Equations (1) and (2).

Converts RGB values to XYZ values: X
Y
Z

 =

 0.412 453 0.357 580 0.180 423
0.212 671 0.715 160 0.072 169
0.019 334 0.119 193 0.950 227

 R
G
B

 (1)

Conversion of XYZ values to L*a*b* values.

L= 116f
(

Y
Yn

)
− 16

a= 500
[

f
(

X
Xn

)
− f
(

Y
Yn

)]
b= 200

[
f
(

Y
Yn

)
− f
(

Z
Zn

)] (2)

Xn = 95.047, Yn = 100.000, Zn = 108.883. The a and b values of the L*a*b* model
parameters are used as the horizontal and vertical coordinates to plot the color distribution
scatter diagram. In addition, we extracted the HSB values of the colors through Adobe
photoshop and made a histogram for statistical analysis [14]. L*a*b* color distribution
scatter diagram and HSB histogram can show the color usage rules of the Yunjian garment
more intuitively.

3.3. Pattern Design Method

The overall structure of the Yunjian garment is symmetrical, and the combination of
each single piece has regularity and repetition. Such a symmetrical structure makes most of
the Yunjian patterns have the fractal characteristics of self-similarity and repetition iteration.
Based on this feature, this study uses the fractal art principle of escape time algorithm to
innovate the design of Yunjian pattern. The escape time algorithm is a computer graphics
generation algorithm based on iterative function fn. Assuming that f is a variational iterative
function, f0(x) = x, f1(x) = f(x), f2(x) = f(f(x)), fn+1(x) = f(fn(x)), n = 0, 1, 2 · · · . The
computer establishes a coordinate system in the graphical determination region, brings
the pixel coordinates in the region into the iteration function in turn, and judges whether
the pixel coordinates converge under the given iteration function. Because of the different
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number of iterations for different convergence point divergence points, we can get the
pattern with rich structure and conform to the preset parameter fractal characteristics.
Based on the symmetrical and divergent skeletal structure of the Yunjian pattern, we chose
the Newton iterative fractal prototype that fits this feature. The structure of the Newton
iterative fractal prototype can be expressed by the formula as shown in Equation (3).

Zn+1 = Zn −
F(Zn)

F′(Zn)
, (n = 1, 2, · · ·) (3)

F(z) is a complex function, z = x+ yi, x, y are variables, and i is an imaginary number.
In the specific calculation, generally F(z) = zp − 1, and p is a positive integer greater than
2, so the iterative formula can be rewritten as Equation (4).

Zn+1 =
(p− 1)zp

n + 1

pzp−1
n

, (n = 1, 2, · · ·) (4)

We can change the p-value in Equation (4) according to the specific design requirements
to obtain different evolutionary results based on Newton’s iterative fractal prototype to be
used as the key design material for the Yunjian garment pattern.

3.4. Evaluation Methodology

This study uses a rank sum algorithm to determine the weights of each indicator in the
evaluation system. We invited an expert panel of senior related practitioners to score the
importance of the evaluation indicators [15]. Before calculating the weights, we conducted
consistency tests on the expert opinions, as shown in Equations (5)–(7).

X2 = m(n− 1)w (5)

w = S/
[
(12)−1m2

(
n3 − n

)]
(6)

S = ∑ R2
j −

(
∑ Rj

)2/n (7)

X2 is the statistic, Rj is the rank sum of the jth indicator, m is the number of experts,
and n is the number of indicators. By substituting Equations (6) and (7) into Equation (5),
we can check whether the experts’ opinions are consistent by calculating and comparing.

The specific calculation of the evaluation index weights is shown in Equation (8).

aj = 2
[
m(1 + n)− Rj

]
/[mn(1 + n)] (8)

After determining the evaluation indexes, evaluation item weights and evaluation
scales, we adopt a questionnaire survey conducted both online and offline to conduct a
comprehensive evaluation of the design practice results [16].

4. Design Practice
4.1. Yunjian Pattern Derivation

We extracted several common elements from the Yunjians and combined them into a
new pattern. Then we apply the morphological displacement method to mirror and rotate
the elements to generate a new pattern with prototypical features.The pattern can be used
as a new basic element unit. We have completed several representative Yunjian element
units by this method, as shown in Figure 5. These element units will be further used in the
subsequent design.
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4.2. Yunjian Color Design

In this research, five color intervals were created using the K-means clustering algo-
rithm, and the clustered colors were batch normalized and averaged by the color distance
value ∆E. The image cluster partition of the 5 groups of images is set to consist of all
colors within ∆E ≤ 5 pixels. To achieve the desired effect, we obtain the color share of
the Yunjian pattern by presetting the color separation value with the distance value and
multiple clustering calculations. Then we clarify the color collection area and size by image
cluster partitioning, as shown in Table 1. HSB represents hue, saturation, brightness and
RGB represents the colors of red, green and blue channels [17]. The RGB color extraction
results of each group of Yunjian patterns are shown in Table 2.

Table 1. Yunjian color extraction.

Main Color Pattern Image Cluster Partitioning Color Ratio (%)

White
series
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From Figure 6, it can be seen that most of the extracted colors are warm colors, and
a small amount of colors are distributed in the neutral and cold color regions. In terms
of saturation, most of the colors are low-saturation colors, a small number of medium-
saturation colors, and no high-saturation colors appear. In terms of brightness, the color
distribution is relatively uniform, and there are few low brightness colors.
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According to Equation (2), we plotted the scatter diagram of color distribution of five
color families with the a value as the horizontal coordinate and the b value as the vertical
coordinate, as shown in Figure 7.
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Figure 7. Distribution of color dots for the five color series.

The L-axis represents brightness, with values from 0 to 100 indicating brightness from
black to white. The a-axis represents the relative colors of red and green, and the b-axis
represents the relative colors of yellow and blue.

As can be seen from Figure 7, the distances between the dots of the white and cyan
series are relatively close to each other and are concentrated around the origin L value. The
dots of the black series are not far from the origin, but their positions are scattered and
their colors differ in hue. The dots of the red series are all located in the first quadrant
and distributed in a diagonal line, but the distance between the dots is farther. The yellow
series is similar to the red series, the a-value gap between each of their dots is small and
the b-value is relatively scattered. In general, the dots of the five color series are basically
distributed in the first quadrant and concentrated near the L value of the origin, with a
small number of dots scattered in more distant locations.

The histogram statistics of the HSB color model and the scatter plot of the L*a*b*
model both confirm that the Yunjian garments usually choose warm colors, low saturation
colors, and evenly distributed color brightness.

4.3. Yunjian Fractal Pattern Designcolor Design

According to Equation (4), when p = 4, 6, 8, 20, we can obtain the Newton iterative
fractal diagram when the “arms” of the fractal are equal to the corresponding values,
as shown in Figure 8. We can know that the value of the real part of the exponent p is
proportional to the number of “arms” of the Newtonian fractal, and the area of the central
intersection circle increases gradually as the value of p increases. We rewrite the Exponent
(Re) index in the primary Newton fractal in the Ultra Fractal software platform in version
6.04 to make the model match the pattern structure according to the design characteristics
of the Yunjian. When the exponent is 4, 6, 8, and 20, different models and their mapping
patterns are obtained. This research lists four series of Yunjian fractal pattern processes
produced by different exponent real parts.

When we set the Exponent (Re) index to 4, we get two new models with completely
different forms and effects by adding Inverse mapping, Glass Hemisphere mapping and
Triangle Inequality Average external mapping respectively. On top of that, we can further
superimpose new mappings or formulas to pursue more complex and exquisite pattern
effects. After selecting the mapping, we add a color factor with the Yunjian style in the
Adjustment Gradient window in the model and change the opacity to achieve the desired
effect. Similarly, when the Exponent (Re) index is 6 or 8 or 20, the corresponding fractal
pattern can be obtained by the same procedure. It can be seen that the final fractal patterns
obtained are extremely different due to the different settings of indices. We made 8 fractal
patterns according to the model. These patterns conform to the basic composition form of
the Yunjian pattern with infinitely subdivided fractal features and brilliant colors, which
can reflect the exquisite and complicated style features of the Yunjian to a certain extent.
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4.4. Yunjian Clothing Design

In order to make the fractal pattern not lose the original characteristics of the Yunjian,
we integrated the representative element unit of the Yunjian into the fractal pattern and
made the design processing of mirroring or rotating according to the structural character-
istics of the fractal pattern. We subjectively processed the elemental units to make them
blend naturally, and finally finished the fractal pattern. We combined the typical outer
outline structure of the Yunjian with the fractal pattern and removed the outer pattern
to obtain 8 tiling style figure of the fractal Yunjian. The production process is shown in
Figure 9.
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This research focuses on 8 styles of Yunjians, combined with modern clothing to
complete a series of Yunjian clothing design, as shown in Figure 10. The series of garments
are simple in design, and the overall style is casual and comfortable. In the color selection
of the series, we retained the traditional color custom of using the same color scheme as
the overall clothing, and only added a small amount of contrasting colors in the details to
enrich the color layers. The styles of this collection are mostly skirts, mixing Yunjians with
modern casual style blazers, loose shirts and halter skirts brings us a new fashion feeling.
And the Yunjian became the highlight of the whole set.
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4.5. Yunjian Clothing Design Evaluation

This research determined the presentation effect evaluation index U according to the
characteristics of the Yunjian garment, U = (u1, u2, u3, u4) = (shape, structure, pattern, color,
aesthetics). A five-level scale criterion was used, V = (v1, v2, v3, v4, v5) = (very bad, bad,
mediocre, good, very good). A team of expert judges, consisting of eight relevant senior
practitioners, ranked the importance of the five indicators for recovery effects, and the
results obtained are shown in Table 3.

Table 3. Evaluation index importance ranking.

Rank Shape Structure Pattern Color Aesthetics

P1 1 2 4 3 5
P2 2 1 3 4 5
P3 1 2 3 4 5
P4 2 1 4 5 3
P5 1 2 4 3 5
P6 1 2 3 4 5
P7 1 4 2 3 5
P8 2 1 5 4 3

Rank Sum (Rj) 11 15 28 30 36

Assuming that the 8 judges did not agree on the importance of the 6 recovery effect
indicators, we calculated X2 = 22.300, took the significance level α = 0.01, and the degree
of freedom df = 4, checked the table to get X2

0.01(4) = 13.277. Since X2 = 22.300 > 13.277,
we can assume that the 8 judges’ opinions are significantly consistent.

The weights of each indicator were calculated from Equation (8) as: a1 = 0.3083,
a2 = 0.2750, a3 = 0.1667, a4 = 0.1500, a5 = 0.1000, yielding the weight of each indicator A =
(0.3083, 0.2750, 0.1667, 0.1500, 0.1000).

After identifying the evaluation items, evaluation scales and evaluation item weights,
we took online and offline questionnaires at the same time. We set the survey target
as university students aged 18 to 25 who have knowledge of Yunjian clothing, and we
collected a total of 146 questionnaires, of which 139 were valid, resulting in a valid rate as
95.2%. The data of our survey questionnaires are shown in Table 4.

Table 4. Statistics of questionnaire results.

Evaluation Indicators Very Bad Bad Mediocre Good Very Good

Shape 0.00 0.01 0.12 0.38 0.49
Structure 0.00 0.03 0.16 0.28 0.53
Pattern 0.02 0.12 0.05 0.10 0.71
Color 0.00 0.03 0.10 0.18 0.69

Aesthetics 0.01 0.08 0.09 0.28 0.54
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We can get the matrices from this table:

R =


0.00 0.01 0.12 0.38 0.49
0.00 0.03 0.16 0.28 0.53
0.02 0.12 0.05 0.10 0.71
0.00 0.03 0.10 0.18 0.69
0.01 0.08 0.09 0.28 0.54


Using equation B = A·R for the calculation:

B =
[

0.3083 0.2750 0.1667 0.1500 0.1000
]
·


0.00 0.01 0.12 0.38 0.49
0.00 0.03 0.16 0.28 0.53
0.02 0.12 0.05 0.10 0.71
0.00 0.03 0.10 0.18 0.69
0.01 0.08 0.09 0.28 0.54


=
[

0.0043 0.0438 0.1133 0.2658 0.5727
]

The comprehensive evaluation results show that 11% of the evaluators think the design
effect of the Yunjian garment is “mediocre”, 26% of the evaluators think the design effect
is “good”, and 57% of the evaluators think the design effect is “very good”. According to
the principle of maximum affiliation, the effect of this series of Yunjian apparel design was
evaluated as “very good”. Therefore, the Yunjian fractal pattern design model proposed in
this study can be better used and practiced in clothing products.

5. Conclusions

Yunjian garment is an important intangible cultural heritage of the Han Chinese,
with artistic expression and profound cultural connotation of oriental intentions. Under
the globalization of regional ethnic culture, the Yunjian has also become a sustainable
cultural capital with great revitalization value. By analyzing the motifs, color principles
and structural rules of the Yunjian, this study proposes a digital innovation design method
for regional ethnic costumes based on the Newtonian fractal model and carries out design
practice. The comprehensive evaluation results show that the Yunjian costume designed
by the design method proposed in this study has a good combination of ethnic cultural
core and modern fashion communication characteristics. Taking the Yunjian garment as
an example, this study tries to explore the capital revitalization method of regional ethnic
fashion culture based on digital design method, aiming to provide theoretical and practical
reference for the sustainable design of regional characteristic fashion culture.
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