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Abstract

The art of weaving is an ancient and beautiful technique that never fades.
Various weaving techniques and various totem patterns contain rich cultural
connotations. The development of cultural and creative industries often uses
existing environmental materials to deconstruct and use them in innovative
ways to reinspire and present another style. With the rapid progress of com-
puter-aided design technology, digital applications in the design practice has
become an important element, and parametric design is the best popular de-
sign method in recent years. This paper is mainly in view of the weaving crafts
in the traditional culture of the world occupies an important role, and the
precious traditional weaving crafts gradually lost. Therefore, it is planned to
construct a 3D model with knitting characteristics through a parametric de-
sign method, and print out the prototype through the 3D printing mechan-
ism, that is, the traditional craftsmanship is integrated into the modern man-
ufacturing process with innovative techniques, to show the new style of this
weaving craft culture that is different from the past, so that it not only retain
its inherent spirit, but also can promote this ideal of cultural creativity.
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1. Preface

The art of weaving is an ancient and beautiful technique that never fades. Vari-
ous weaving techniques and various totem patterns contain rich cultural conno-
tations. The development of cultural and creative industries often uses existing
environmental materials to deconstruct and use them in innovative ways to reins-
pire and present another style, continue the meaning of existing cultural mate-

rials, and create infinity for a new culture. However, this precious traditional
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craft of weaving is gradually being lost. Therefore, how to integrate traditional
crafts into modern manufacturing processes with innovative techniques to con-
tinue and preserve this traditional crafts should be the place where those who are
currently engaged in the cultural and creative industries need to work hard [1].

The early weaving crafts were closely integrated with people’s lives, and grad-
ually elevated to the artistic level, turning them into handicrafts for appreciation.
Moreover, due to the rise of cultural and creative concepts, consumers’ require-
ments for product quality have begun to change, and hand-made products with
exquisite designs have gradually been welcomed by the market. And the cultural
and creative related industries with the concept of cultural thinking, driven by
the government’s efforts, more people have invested in trying to bring art and
beauty into daily necessities, so it is not difficult to find its delicate weaving on
objects in daily life [2].

With the rapid advancement of Computer-Aided Design related technologies,
digital applications have become an indispensable part of design practice. Para-
metric design has become a popular new design method in this design field in
recent years. Different from the 3D modeling software commonly used in prod-
uct design, the parametric design tool is a design method in which parameters
and calculation logic are connected to each other to generate geometric patterns.
The changes in the geometric model can be seen in real time through the ad-
justment of parameters and calculation elements. At the same time, the break-
throughs in digital manufacturing technology in recent years have given design-
ers more new possibilities in design [3].

Like its name, parametric design presents all elements of the design process as
data. The geometric shape is no longer determined by the graphics drawn by
paper and pen, but by the direct construction of data and shape logic. Its design
and construction method is not as in the modeling software that we are familiar
with, in the 3D working space with elements such as points, lines and planes,
intuitively performing shapes, stacking, stretching and other actions to complete
the design methods of geometric modeling. The design is woven with the ar-
rangement and interactive links between data on a blank paper-like operating
platform [4].

The application of data gives the definitions and rules behind the natural pat-
terns a suitable stage. The concept of parametric design allows mathematical de-
finitions and even various algorithms to be added to design ideas. Through the
combination of data and algorithms, the shapes can be creating based on specific
logic or mathematical definitions. In the development of digital architecture, there
have been many practical cases of algorithms that use natural patterns for design
creation. With parametric design techniques, people’s ideas of “real” natural de-
signs seem to be realized [5].

The development of architectural design and industrial design is inseparable.
Although parametric design has been widely used in the field of architectural
design, the information on industrial design is still extremely limited. Although

some works of parametric designs have appeared one after another, but the dis-
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cussion on the application of the entire design process is still at a relatively in-
adequate stage, especially in the cultural and creative industry, and no one men-
tions its application [6] [7] [8].

In addition to analyzing the structure of weaving features, this paper also in-
troduces the method of traditional modeling techniques to construct the weav-
ing features. At the same time, it gradually analyzes the entire process of con-
structing a 3D model with weaving features using GH parametric design. Finally,
the prototype is made through the 3D printing mechanism, that is, the tradition-
al craftsmanship is integrated into the modern manufacturing process with in-
novative techniques, to show the new style of this weaving craft culture that is
different from the past, so that it not only retain its inherent spirit, but also can
promote this ideal of cultural creativity.

2. Weaving Product Structure Analysis

From its simplest structure, the weaving process can be regarded as two sets of
parallel yarns, and the two sets of parallel yarns are mutually orthogonal and in-
terlaced. If you observe its structure more closely, you can see that the two sets
of parallel yarns undulate up and down in a wavy shape, passing through each
other, never intersecting. This structure still needs to be determined according to
the smoothness requirements of the textile. On fabrics that need to be smoother,
the weft yarn is usually straight, while the warp yarn undulates up and down in a
wavy shape, and passes through the weft yarn, as shown in Figure 1.

On the other hand, if the fabric needs to be rougher or more complicated, the
warp and weft will undulate up and down in a wavy shape, and pass through

each other, as shown in Figure 2.

The Traditional Construction Process of Products with Weaving
Characteristics

As mentioned earlier, the weaving product structure can be regarded as two sets
of parallel yarns that are orthogonal to each other and interlaced in a wave-like
up and down, crossing each other, never intersecting. Therefore, the steps for
constructing the weaving feature should be as follows:

Step 1: Determine the surface to be constructed, as shown in Figure 3.

Warp yarn Weft yarn

Figure 1. Smooth fabric structure [9].
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Step 2: Determine the number of warp and weft to get the number of dividing
points, as shown in Figure 4.

Step 3: Determine the wave height.

Step 4: According to the wave height and the number of wefts, two data
groups are generated: “Weft positive dividing points group” and “Weft negative
dividing points group”, as shown in Figure 5.

Step 5: Use the B-Spline curve to connect the dividing points of each weft di-
rection to generate multiple wave trajectories in series, as shown in Figure 6.

Step 6: Copy the original surface as the basis for generating the dividing points
in the warp direction.

Step 7: Swap the UV direction of the copied surface to control the weft direc-
tion and the warp direction to be perpendicular to each other.

Step 8: Repeat Step 4 to Step 5 to complete the wave trajectories in the warp
direction.

Step 9: Change all wave trajectories to round-head pipes with appropriate
diameters to complete the finished pipe weaving characteristic, as shown in Fig-
ure 7.

And Figure 8 is the flow chart of traditional construction process of products

with weaving characteristics.

Weft yarn Warp yarn

Figure 2. Complex fabric structure [9].

Figure 3. Determine the surface to be constructed.
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Figure 4. Dividing points on the surface.
Figure 5. Weft positive and negative dividing points group.

Figure 6. Weft trajectory curves.

Figure 7. Finished pipe weaving characteristic.
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Figure 8. The flow chart of traditional construction process of products with weaving characteristics.
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3. Parametric Design Principle

Parametric design is a top-down calculation method, using related geometry as
the basis, and then through the calculation of various dimensional parameters,
as a technology of product design. Compared with traditional design methods
based on subjective intuitive judgments, experience and habits, parametric de-
sign focuses on the definition of relationships. However, the setting process takes
time to understand the logic behind and the choice of information. Zaha Hadid
believes that the process of parameter importing design is necessary and can im-
prove the feasibility of the design.

Parametric design uses the parameter rules of each characteristic as the design
basis. Each parameter represents an important characteristic, which may be struc-
ture, capacity, cost or even some physical characteristics. By designing the inter-
relationship between the structure and data of each characteristic to generate the
basic form required for the design.

In recent years, the application of parametric design techniques has gradually
become popular. There are more and more CAD (Computer-Aided Design) soft-
ware based on the concept of parametric and derivative design. However, most
of the parametric derivative design tools are rarely packaged into a single stan-
dalone software at present, but mostly in the form of plug-in tools used on a spe-
cific CAD platform. For example, the parametric software “Grasshopper” devel-
oped by McNeel can be installed in the same company’s Rhinoceros3D modeling
software. It can be designed with the 3D model constructed by Rhino and can
also be designed in Grasshopper. “Genoform” is based on Solidworks. Through
Genoform, you can use the 3D model constructed by traditional modeling me-
thods in Solidworks as the basis and parameterize the features of the model, so
that you can quickly produce a large number of different types by adjusting each
feature the design plan, the latest Genoform can also be linked to Grasshopper
and Autodesk’s Inventor software. In this study, the Grasshopper application
plug-in to the Rhinoceros 3D modeling software was used as a modeling tool for
weaving characteristic. The reason is that Rhino itself is easy to operate, and it

has been widely used in the field of industrial design for modeling.

3.1. Parametric Design Software-Grasshopper (GH)

The Grasshopper is a graphical parametric design tool developed by the McNeel
Corporation since 2007. It is installed in the 3D modeling software Rhinoceros
produced by the same company in a plug-in form. Grasshopper is currently a
software under work in progress, and many functions are often added and ad-
justed when the version number is updated. Grasshopper is mainly used to create
generative algorithms. 3D geometric models are created through the connection,
design of parameters and various calculators. The algorithms in the program are
not only limited to the use of numbers, but text, video, audio, and touch applica-
tions can all be used as calculations or in the form of parameters. As architectur-

al design is currently the most important field of parametric generative design
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methods, architects and related learners are currently the main users of Gras-
shopper, but its gradually improved and increasingly perfect graphical user in-
terface and operation methods allow other fields users also began to pay atten-

tion to this software and used it as a tool for parametric design.

3.2. The Modeling Concept of Grasshopper

Grasshopper is a software that uses the graphics programming language (GPL)
as its operating method. Simply put, GH uses Rhinoceros to create basic 2D and
3D geometric figures, edits the logic of the subsequent generation of geometric
figures through GH, and finally reuses Rhinoceros serves as its platform for pre-
senting calculation results.

For example, in the past, to create a sphere in the Rhinoceros environment, it
can be simply divided into several steps. First, draw the section contour line, use
the rotation forming command, enter the rotation angle, and finally get the
model. The entire construction process is shown in Figure 9(a). But when we
need a semicircle, we have to operate the above process again. In the GH envi-
ronment, we only need to find the most important arithmetic unit in the crea-
tion of a spherical surface: the rotating surface. When we understand the para-
meters required for the rotating surface, the axis of rotation, the section contour,
and the angle of rotation, then through the interaction between the arithmetic

units, it will automatically construct a complete sphere. The whole construction
|

/|

the axis of section
rotation contour

-7 Y

(a)
Rotating surface
aitihinetic uilt Section contourHAxis of rotation]—-[ Start angle ]—‘[ End angle ]_’( Sphere surface]
~< - T 7 4
~—d / /
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Figure 9. Differences and correspondence between Rhino and Grasshopper construction
models. (a) Rhinoceros modeling method; (b) Grasshopper molding method.
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process is shown in Figure 9(b). Therefore, if we only need a semicircular sur-
face, we can modify the rotation angle parameter immediately.

Taking the gradual change of the sphere as an example again, set the required
number parts, and then use the arithmetic progression as the change of the ra-
dius parameter to complete the model as shown in Figure 10. When you want to
change the requirements, you can quickly generate a new parameter model by
adjusting the starting radius of the parameter and increasing the value.

3.3. The Redesign Method of Grasshopper Operator Construction

Parametric design and its open design operation platform makes the methods of
constructing models very diverse. Designers can apply traditional modeling me-
thods to construct various geometric modeling actions like piles of wood. Ap-
propriate algorithms can also be added as an aid to produce various shapes. This
derivative design method is the biggest feature and charm of parametric design.

This paper is to highlight the design change features of parametric modeling.
Therefore, the size parameters that can be adjusted flexibly must be designed in
the modeling process, and in the process of parameter adjustment, the appropri-
ate relevance required by the modeling command must still be maintained. The
following is an example of extruding 6 quadrangular pyramids from the 6 faces
of a primitive cube in their respective normal directions to illustrate the GH op-
erator construction flowchart, as shown in Figure 11. And Figure 12 is an ex-
ample of the different results generated by inputting the extrusion height of 20,
30 and 40 mm respectively [10].

=] e ] )

Set the number J

of balls (4*4)

Set the Start
radius of ball

Set the sphere
radius increment

Figure 10. The Grasshopper’s construction of gradient sphere model.
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(can be adjusted manually)

Figure 11. The Redesign method of GH operator construction flowchart.

extrusion height 20 extrusion height 30 extrusion height 40

Figure 12. The different results generated by inputting the extrusion height of 20, 30 and
40 mm respectively.

4. GH Construction Process of Weaving Characteristics

The calculation method of GH is mainly connected with each other through
components, and generates results through layered parameter calculation and
data analysis. Therefore, the steps of constructing waving characteristics through
GH can be described as follows:

Step 1: Construct the surface to be waved in the Rhino environment and as-
sign it to the GH surface component, as shown in Figure 13.

Step 2: Determine the number of warp and weft to get the number of dividing
points, as shown in Figure 14.

Step 3: Determine the wave height. Used to control the offset value of the di-
viding points along their normal direction, as shown in Figure 15.

Step 4: According to the wave height and the number of warps and wefts, two
data groups are generated: “Warp dividing points group” and “Weft dividing
points group”, as shown in Figure 16.

Step 5: Use the B-Spline curve to connect the dividing points of each warp and
weft direction to generate multiple wave trajectories in series, as shown in Fig-
ure 17.

Step 6: Change all wave trajectories to round-head pipes with appropriate di-
ameters to complete the finished pipe weaving characteristics, as shown in Figure
18.

Then if the U (Warp direction) and V (Weft direction) are reset to 20, 20, the

result is shown in Figure 19.

DOI: 10.4236/jcc.2021.911008

121 Journal of Computer and Communications


https://doi.org/10.4236/jcc.2021.911008

H.-C. Chang

Characteristic curve

GH environment

Figure 13. Link between Rhino object and GH component environment.

Dividing points irf
warp direction
Dividing points in
weft direction

Dividing points (40 * 20)

Figure 14. Dividing points on the surface.

Wave height

Figure 15. Set the wave height slider.

If U (Warp direction) and V (Weft direction) are reset to 20, 10, the result is
shown in Figure 20.

In addition to changing the size of the pipe diameter, even changing the shape
of the round tube can easily achieve the desired, as shown in Figure 21.

Figure 22 is the entire construction flow chart of GH module.
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Warp dividing points Weft dividing points
group group

Generate an array of positive
and negative interval changes

Calculate the value of the change in
the positive and negative interval

Figure 16. Warp and weft dividing points group.

warp direction wave trajectories weft direction wave trajectories

Figure 17. Warp and weft wave trajectories.

And Figure 23 is the finished models with weaving characteristics generated
by different design parameters. Figure 24 is the finished products printed by the
3D printer.
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warp direction pipes weft direction pipes

Combine

Figure 20. The result U and V are reset to 20, 10.
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©

Figure 23. The models with weaving characteristics generated by different design para-
meters. (a) Model with warp weaving features; (b) Model with weft weaving features; (c)
Model with weaving features in both warp and weft.
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Figure 24. The finished products printed by the 3D printer.

5. Conclusion

This research uses parametric design software (Rhino + Grasshopper) as the tool
to create products with waving characteristics, and verifies the actual application
as the research objective. And by changing the number of dividing points of
warp and weft, and the wave height, the design works can show the design
change characteristics of parametric design. Without focusing on complex de-
sign theories, it only discusses how to effectively apply parametric design to the
entire product creation process, and how to stimulate and guide designers to
produce more possibilities. Under the constraints of the product itself, consi-
dering the compatibility between the existing digital processing methods and
parametric design, this will explore the thinking and creative methods of para-
metric design, which can be used as a reference for subsequent learners. I hope
that with the development of parameter design in the future, there will be more

possibilities for application in the field of industrial design.
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