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Abstract : Advances in 3D garment simulation technology contribute greatly to consumers becoming more immersed in
movies and games by realistically expressing the garments the characters in the movie or game are wearing. The fashion
industry has reached a point where it needs to maximize efficiency in production and distribution to go beyond time and
space in order to compete on the global market. The processes of design and product development in the fashion industry
require countless hours of work and consume vast resources in terms of materials and energy to repeat sample production
and assessment. Therefore, the design and product development tools and techniques must aim to reduce the sample
making process. Therefore, this study aims to study a case for comparing the real garment sample making process to the
virtual garment sample making process. In this study, we have analysed the differences between the real and virtual gar-
ment making processes by choosing designated patterns. As we can see from the study results, the real and virtual gar-
ments generally are made through similar processes in manufacturing, while the time consumed for each shows great
variation. In real garment making, scissoring and sewing require the greatest number of work hours, whereas in virtual
garment making, most of the time was spent in the simulation process.
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1. Introduction

Three-dimensional garment simulation technology was devel-
oped to create virtual garments on a digital human model in order to
forecast and evaluate designs before the garments are actually
made. Various studies over the past decade have developed cloth
simulation to enhance realism(Chiricota et al., 2001; Choi & Ko,
2002; Hahn et al., 2014; Nogl, 2008; Volino & Magnenat-Thal-
mann, 2000). Such digital dressing technology allows for the diver-
sification of garment designs to be assessed before they are actually
made.

In order to visualize a garment over a body in a digital envi-
ronment, the techniques for transforming 2D patterns into 3D con-
figurations and modeling fabric properties are essential. Garment
simulation studies(Baraff & Witkin, 1998; Fontana et al., 2005;
Kim & Park, 2007; Zhong & Xu, 2009) and 3D software make it
possible to design and present products virtually without any phys-
ical samples. The systems for developing 2D patterns into 3D sim-

ulations for clothing designs are currently available in the market.
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Examples of software that has been developed to this point are V-
stitcher(Browzwear), Modaris 3D Fit(Lectra), 3D Runway(Opti-
tex), Vidya(Assyst), Haute Couture 3D(PAD system Technologies
Inc.), TUKA3D(Tukatech), CLO(Clo Virtual Fashion Inc.), and
3D CAD staprim(STAPRIM).

In particular, the rapid development of computer graphics tech-
nology brings about changes in human lives, and also has a sig-
nificant impact on video games and animation. Advances in 3D
garment simulation technology contribute greatly to consumers
becoming more immersed in movies and games by realistically
expressing the garments the characters in the movie or game are
wearing.

However, the apparel industry has failed to properly utilize cloth
modeling technology, when compared to other industries. The
fashion industry is one of the largest global industries and among
the most profitable in the world. However, the fashion industry has
reached a point where it needs to maximize efficiency in produc-
tion and distribution to go beyond time and space in order to com-
pete on the global market. The processes of design and product
development in the fashion industry require countless hours of
work and consume vast resources in terms of materials and energy
to repeat sample production and assessment. Therefore, the design
and product development tools and techniques must aim to reduce
the sample making process. The current market of available 3D
tools makes it possible to design and present products virtually

without the need for physical samples. Even though 3D simulation
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samples are an appropriate solution to reduce the sample process,
apparel companies complain that there remains a lack of applica-
tion schemes. Studies(Kim & Park, 2007) have tried to use 3D vir-
tual technology for the apparel industry in the past, but these
attempts stayed in the theoretical stages for use as a design tool.

Therefore, this study aims to study a case for comparing the real
garment sample making process to the virtual garment sample
making process. The study intends to evaluate the level of tech-
nology used in the virtual garment making process, identify its
related issues, and review the possibilities for virtual garment mak-
ing technology to replace conventional real sample making. This
study may not be able to generalize its results, as it is limited to a
single item of women's clothing. However, it is significant in pre-
senting a case for the use of virtual garment making technology. In
addition, by examining the current status of existing garment-cre-
ating technology, the study will suggest new plans for utilizing such
technology.

2. Method

2.1. Garment design

A simple blouse was designed with a mandarin collar and hidden
placket(Fig. 1). The clothing pattern was developed through flat pat-
tern making by Inc. D3D. And it was prepared with an apparel CAD
file through digitized input. SuperALPHA:plus(Yuka CAD) was
used to digitize the pattern, and for seaming and plotting(Fig. 2).

2.2. Materials

For manufacturing the real garment, 2cm of seam allowance was
applied to the hemline and 1cm of seam allowance for the other
seamlines, while the pattern pieces were plotted using SuperAL-
PHA:plus. Chiffon (100% Polyester) was used as the material and
processed through cutting and sewing. An overlocked plain seam
was used for the seam finishing and the hemline was folded.

For virtual garment manufacturing, CLO 2.4.57(CLO Virtual

Fashion Inc.) was used. CLO is a three-dimensional design tool for

Fig. 1. Flat design.
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Fig. 2. Patterns including seam allowance.

creating virtual garment samples in just a few clicks of the mouse.
This software allows designs to be made based on patterns, and the
status of completion can be checked in real time during the garment
design process. Its sophisticated algorithm simulates the physical
properties of fabrics to accurately depict the way they drape in real-
life. Therefore, 3D garments in CLO are made using 2D patterns
imported from a third-party 2D CAD system, or drawn as sketches
directly in CLO, just as in real-life(Barrie, 2016).

In the experiment for making a real garment sample, we enlisted
the participation of a sewing specialist with over 10 years of expe-
rience making samples. In the experiment for making a virtual gar-
ment sample, we enlisted the participation of a designer with over
three years of experience working in a fashion enterprise and hav-

ing completed 80 hours of CLO classes.

3. Results & discussion

3.1. Sample making process for a real garment

3.1.1. Preparing & cutting processes for a real garment

The real garment was produced in the following sequence: pat-
tern preparing, cutting, and modeling(Fig. 3). Pattern preparing
includes the elements of seaming, marking, and plotting. Pattern
seaming is a process of making seams for sewing, marking is a pro-
cess of placing pattern pieces for cutting the cloth, and plotting
refers to a process for printing a pattern. The cutting process con-
sists of unwrapping the fabric, spreading and controlling the fabric,
setting patterns, scissoring off pieces, notching, controlling, and
finishing pieces, marking in/out, naming, and interfacing. This step
is important in the preparation for modeling, because it involves
creating patterns out of fabrics. The modeling process consists of
overlocking, sewing, and ironing each part of the garment. Over-
locking is a type of seam finish, sewing is a stage for stitching the
pattern pieces, and ironing is done to straighten and finish the

s€ams.
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Fig. 3. Real garment sample making process.

3.1.2. Modeling process for a real garment

In the modeling process, parts of the bodice, collar, sleeves, and
scarf were respectively made and combined with the bodice. In the
real garment making process, scissoring and ironing were done to
organize the seams after sewing the seamlines. The traffic line was
very complex for a worker conducting this process, and more time
was spent moving from place to place than on actual work. In par-
ticular, for the characteristics of a chiffon blouse, the edges of the
seam allowance were overlocked together, and the sewing machine
and overlock machine were used repeatedly, leading to a longer
period of time required for this work. In addition, as the collar and
cuffs were made into two layers, the right side needed to be turned
out after sewing, and this process was accompanied with manual
work. The machines used in the real garment making process were
typical sewing machines, an overlock machine, buttonhole machine,
and iron. The worker utilized each machine by moving from one to

the next, in accordance with the process required.

3.2. Sample making process for a virtual garment

3.2.1. Preparing process for a virtual garment

The process of making a virtual garment is done in the following
sequence: preparing, modeling, and dressing(Fig. 4). The preparing
process consists of exporting and importing the pattern, creating
fabric, and editing fabric properties. Pattern placing includes the
laying out of pieces for the front, sides, and back of the model
shadow in a 2D pattern window.

In making a virtual garment, the process of preparing combines
the steps of preparing and cutting in the making of a real garment.
When compared to making a real garment, it can be seen that the
preparation stage for a virtual garment is greatly simplified by stay-
ing in line with file exchanges and fabric properties. Not only the
CLO program used in this study, but also most other forms of 3D
garment simulation software, including Optitex and V-stitcher, use
2D CAD patterns in the dxf format.

3.2.2. Modeling process for a virtual garment

The notches set in the 2D CAD pattern are the standards for
matching the seamlines in the actual sewing process, and do not
work in the 3D CAD. Therefore, when the outlines must be sewn

with a notch as the standard, you must add a point on the position
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Fig. 4. Virtual garment sample making process.

of the notch to divide the segments. You can easily complete the
sewing just by clicking on the lines to be sewn. When selecting a
pair of curves and creating seams, two lines make the same effect
as actual sewing.

In the 3D CAD, the processes of finishing seams, turning the
right side out, and ironing are not necessary, allowing users to easily
complete their garments. However, in order to express the effects of
folding the fabric, such as in pleats, tucks, and crease lines, the angle
must be folded for the internal line or seamline. A hidden placket
was used for the blouse in this experiment to apply the function of a
folded angle(Fig. 5). You can create a button and buttonhole with
just one click by using the button menu, and you can also select to
fasten or unfasten a button. In CLO, a button and buttonhole do not

exist as images but have actual opening and closing functions and
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Fig. 5. Fold angle.

are expressed in three-dimensional shapes(Fig. 6).

3.2.3. Dressing process for a virtual garment

Unlike with a real garment, a virtual garment is made as it is
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Fig. 6. Button & buttonhole.

worn on a human body. The digital garment consists entirely of
vertices and, as actual physical laws do not apply, the clothing can
go through the human body if collision properties are not desig-
nated. If there is no collision with the human body, the original
shape cannot be maintained, as the garment pieces are separated
before they are sewn. Therefore, the dressing process on a digital
model is essential in the process of completing a virtual garment,
unlike in the making of a real garment.

In the 3D window, a pattern piece is placed near the digital
human model. Because there is an arrangement point on the model,

the pattern piece falls into placed when it is connected to this point.

Fig. 7. Pattern arrangement, positioning and properties.

Fig. 8. Vertex. Fig. 9. Left side.

The position, offset, orientation, etc., of the pattern piece being
placed can be changed by using the property editor. With this
menu, the pattern piece is placed to provide a similar shape to when
it is worn on an actual human body(Fig. 7).

Simulation progresses in sequence with vertex calculation. Ver-
tex calculation is a process for assembling the virtual garment onto
the simulated human body(Fig. 8). A pattern piece is composed of
a vertex, and the lines sewn in the 3D CAD combine the pieces
through vertex calculation. This designates the seams to be sewn
and has the same role as sewing in the manufacturing process for a
real garment. For a smooth simulation, a sewing line is selectively
activated and deactivated to freeze or omit part of the 3D garment.

Garments are basically made by supposing the bilateral sym-
metry of the human body. The front panel of the garment design
realized for this study has differences in its left part and right part at
the opening, while the back and sleeves for the left and right parts
are equal to each other. Therefore, first, the left part of the garment
is made, and the right pattern is created through a symmetric paste.
The pattern made through the symmetric paste creates a perfect
pair, and if the pattern is modified, the other pattern is also
changed(Fig. 9). Through this process, the left and right parts of the

back are separated from each other, and a sewing line is made in

Plats

Fig. 10. Asymmetric paste.
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Fig. 11. Color and textile variation.

the center of the back, as well. However, two backs can be com-
bined into one through symmetric merging(Fig. 10).

The texture and color, as well as the physical properties of the
materials, are determined by editing the fabric properties. You can
express several hundred different designs by applying the various
fabric properties to a piece of pattern(Fig. 11). The freeze and
unfreeze menu is used in the simulation process for items separate
from the garment, such as a scarf for a blouse, to allow the item to
be simulated in turn. In a real garment, tying a scarf is very simple.
However, in making a virtual garment, this process demands a con-
siderable amount of time and skill, though it remains theoretically
possible. Therefore, this study did not tie the scarf into the shape of

a ribbon, but rather completed it in the shape of a tie.

3.3. Real vs Virtual garment

3.3.1. Real garment

The real garment making process uses several sewing machines
and irons, requiring a long traffic line for the worker and consid-
erable time reserved for moving between the machines. However,
this process can certainly be used to complete a real garment sam-
ple to be worn on a model for checking the fit and suitability for

movement.

¥
+
Ay
=
Ve
3
>

3.3.2. Virtual garment

The virtual garment making process can be used to create a gar-
ment sample with a simple click of the mouse on a computer, and
even fashion designers with limited experience in making samples
can employ this method in the sample making process. This, how-
ever, does not result in a real garment sample being made, and no
dressing can be done in this process. In order to settle the issue, the
fit of a garment on an avatar is presented by suggesting a stress
map, strain map, and fit map. Stress maps display the strength of
the friction applied to the garment through color codes and numer-
ical values, according to the fabric’s unit area. Strain maps show
how the garment is affected by outer forces(pressure) in terms of
percentages. Fit maps depict the tightness of a garment through col-
ors(Fig. 12).

4. Conclusion

In this study, we have analyzed the differences between the real
and virtual garment making processes by choosing designated pat-
terns(Fig. 13). As we can see from the study results, the real and
virtual garments generally are made through similar processes in
manufacturing, while the time consumed for each shows great vari-

ation. In real garment making, scissoring and sewing require the

wn ()
" i

A8

Gt [ 60% scm G
030cn
o

00% A Covenge
ose

Fig. 12. Texture display : (a) stress map, (b) strain map, and (c) fit map.
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Fig. 13. Garment samples : (a) real and (b) virtual.

greatest number of work hours, whereas in virtual garment making,
most of the time was spent in the simulation process. In the real
garment sample making process, the worker's traffic line was long,
as three sewing machines and irons were used, leading to a greater
amount of time spent moving between machines and doing manual
work as opposed to the actual sewing time. This occurs only in
sample making, whereas the production time in the apparel indus-
try is reduced and efficiency is maximized with the use of a work
flow layout in mass-production. This is a way to make a production
line according to the production process and to reduce the required
work time by allowing the material (not the worker) to move along
the line. A considerable amount of time is spent in making a virtual
garment in the elements of folding the fabric on a placket and cre-
ating the knot in a scarf. In principle, it is possible to make a knot
by moving the vertex, but this demands a highly skilled technique.
However, virtual garment making has its merits in the possibilities
for application to various other materials once the garment has
been produced, opening up the limitless potential for it to become a
tool in checking designs and patterns before the real garment is
manufactured.

As discussed thus far, digital garment technology has advanced
to the point of securing numerous advantages. However, the tech-
nology has yet to reach the level required to compete with actual
garments. In addition, there is great significance to the matter of a
design tool allowing a designer to personally and physically repro-
duce his or her own ideas, present them in a substantial design, and

communicate throughout the process.
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