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Application Two-Dimensional Pattern Development of Cycling Tights based
on the Three-Dimensional Body Scan Data of High School Male Cyclist
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Abstract: This study develops an optimal two-dimensional (2D) pattern from three-dimensional human scan data by con-
sidering the cycling posture and dermatome of high school male cyclists. By analyzing the body surface change in the
cycling posture and considering the dermatome of the lower limbs, the optimal cutting line setting and the development
of cycling tights for individual cyclists were presented to provide data that could be used in the clothing industry. We
designed three cycling tights to solve the size unsuitability. 3D design 1 is a non-extension design based on the analysis
of the 3D human body scan data, in which parts were connected diagonally from the front of the knee to the back of the
knee. 3D design 2 removed both the front and back to reduce air resistance during cycling. 3D design 3 did not have a
cutting line on the front panel because of the air resistance during cycling in the front area. We analyzed the garment pres-
sure for 8 points of lower body and performed a subjective evaluation of the 3D designed tights and the current cycling
tights. The 3D design 1 in this study was well received in the omphalion, thigh, and hip area, while 3D design 3 was well
received in the omphalion, thigh, hip, and bottom bands. Therefore, the LoNE of 3D design 1 was applied to the front,
and the hip cutting line of 3D design 3 was applied to the back.
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1. Introduction

With the increasing popularity of bicycles for use in public trans-
portation, the general popularity of bicycling as a sport has
increased, and the number of professional elite athletes has also
been increasing. The globalization of cycling has progressed at a
significant pace in recent years with a record number of events and
teams registered. Elite athletes come from a growing range of
countries around the world. In just four years, there has been an
increase of more than 50 registered UCI Continental teams: from
122 in 2010 to 177 in 2014. The global popularization of cycling is
diversifying the professional peloton with more than 70 different
nations represented in 2013(Union Cycliste Internationable, n. d.).

Cycling requires a bent posture during exercise, and movement
of the lower limbs requires speed and endurance(Park, 2018). The
comfortable fit of the cycling wear worn during cycling is an

important index for the quality evaluation of sportswear. It affects
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not only athletes’ health, but also their performance during
sports(Bartels, 2005). Any tension or folding on the surface of the
clothing should be avoided as much as possible for those who need
a record in racing or have a special body form(Jeong et al., 2006).
Compression athletic wear, such as tights and elastic shorts, has
become increasingly popular among power based sports for better
fit, enhancing performance and recovery in muscle fatigue(Man-
shahia & Das, 2014). Previously, many researchers concluded that
fabric performance is the most important factor of functional
clothes. However, the optimization of garment patterns in a dynamic
state is an effective way to improve the comfort and functional-
ity(Liu et al., 2016a) of sportswear. Most of the patterns have been
developed in a static state without considering the dynamic state.
This is one of the reasons why it is difficult for consumers to
choose the right clothing and why there are problems with clothing
fit. Therefore, it is necessary to study skin deformation in cycling to
design high-performance sportswear, such as compression cycling
tights.

A dermatome is an area of skin that is mainly supplied by affer-
ent nerve fibers from a single dorsal root of a spinal nerve which
forms an area of a spinal nerve(Fig. 7). Along the thorax and abdo-
men, the dermatomes resemble a stack of discs forming a human,
each supplied by a different spinal nerve(Dermatome, n. d). Der-
matomes are regularly arranged on the body surface in each neu-

romere, along with the distribution of sensory and motor nerves
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(Kim, 2008). Iberall(1970) developed a method of mapping a non-
stretching line on the body surface to create a variable pressure suit.
This line of non-extension(LoNE) does not increase and keeps the
appropriate pressure, but does not restrain the human body. In stud-
ies involving dermatomes, Kim(2008), in a basic research to
develop functional clothing, analyzed the change of a dermatome
according to dynamic posture and suggested a method for estab-
lishing construction lines of functional clothing. Choi and Hong
(2015) provided a practical guide line for LoNE that depends on
the length of the pants, and the LoNE of the lower body were
investigated extensively. Quantification of deformation along the
various curvature directions on the body surface is helpful for func-
tional design lines and their fabrication using seams. One of the key
variables affecting the performance and comfort of compression
suits is the location and quality of the seams that join and assemble
the pattern panels together(Choi & Hong, 2015). In recent years,
the clothing industry has been paying more attention to user-cus-
tomized clothing design in which computer-aided design(CAD)
technologies speed up the design procedure and shorten the time
taken from designing to fabricating, and 3D body scanning has
become a revolutionary technology that is changing many aspects
of the clothing industry(Zang et al., 2014). Three-to two-dimen-
sional(2D) deployment is often used to make tight-fitting clothes.
However, most of these designs are based on the static state, with-
out considering the dynamic state. Pattern manufacturing has
focused on a standard body type for most clothing patterns without
providing a proper fit for each individual body shape. To enhance
the fit of clothing, it is necessary to incorporate the subtle features
of body shape and posture in clothing patterns(Choi & Nam, 2009).
In a study that reflects dynamic posture in relation to cycling wear,
Luo et al.(2017) obtained the lower body skin deformation map
using the gel rubbing method. The study proposed a reliable and
convenient method to procure skin deformation for active body
postures. The results provide primary data for pattern designers to
determine suitable ease distribution, reasonable divisions of cloth-
ing patterns and matching elastic fabric for each division of cycling
shorts. Liu et al.(2016b) used 3D-to-2D flattening technology to
develop patterns of a jersey T-shirt. A novel pressure measuring
method was proposed to test the clothing pressures in static and
dynamic states in a virtual environment. Park and Kim(2019) ana-
lyzed the changes in body surface by road bike driving motion
through 3D human body scanning. The standard pattern was mod-
ified by consideration of body surface change analysis and motion
suitability, and the final pattern was suggested through electroen-
cephalogram(EEG) analysis. However, these studies were not aid
at the development of automatic pattern-making systems or the

improvement of athletic performance of professional athletes.

There are many problems in applying these studies to cyclists
because the difference in garment pressure between the static and
dynamic states were studied using the pattern of the static state. Our
body dimensions and shapes change as we move. The dimensions
measured during dynamic states provide information regarding
adjustments that can be made to clothing to facilitate ease of
motion(Shin & Chun, 2013). Additionally, even for garments made
of the same material, there is a difference in fit depending on the
cutting line, which is determined in the design construction of the
clothing. Thus far, there has been no exploration of skin deforma-
tion of the lower limbs in the cycling posture for cyclists. There-
fore, we aim to develop compression cycling tights, observe changes
in the body surface for cycling dynamic posture, and apply the der-
matome to improve athletic performance. Customers’ demand for
better fitting clothing is increasing in today’s clothing market, and
clothing companies are increasingly interested in providing cus-
tomized clothing as a new and unique way to market their clothes.
Accordingly, if more efficient and automated methods for making
individually customized patterns are developed, this may facilitate
the provision of individual customization of clothes(Han et al., 2014).

The goal of this study is to develop an optimal 2D pattern from
3D human scan data by considering the cycling posture and der-
matome for high school male cyclist. By analyzing the body sur-
face change in the cycling posture and considering the dermatome
of the lower limbs, the optimal cutting line setting and the devel-
opment of cycling tights for individual cyclists are presented to

provide data that can be used in the clothing industry.

2. Methods

2.1. Subjects

In our previous study(Park & Do, 2015a), we visited the
National Junior Cycling Race organized by the Korea Cycle Fed-
eration, which is a member of the Korean Sport & Olympic Com-
mittee. It was launched with the purpose of distributing cycles to
cultivate excellent athletes and leaders. We measured 50 items of
the human body of high school male cyclists from first to third
grade. In this study, we selected the subject closest to the average of

a total of 111 participants.

2.2. Testing

2.2.1. Body scanner

The body scan was conducted with an Artec Eva device, which
is a contactless hand scanner, that can scan either by moving the
object to be scanned or by rotating the scanner 360° around the tar-
get. The data scanned from multiple angles can be obtained auto-

matically and in real time at the same time as scanning. The
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Table 1. Artec Eva specifications

Classification Eva Classification Eva
Texture resolution 1.3mp Visible angle 30 x 21°
3D Resolution 0.5mm Video frame speed 16fps
3D Point accuracy 0.lmm 3D Exposure time 0.0002s
3D Accuracy 0.03% over 100cm 2D Exposure time 0.00035s
Color 24bpp Data collection speed 2,000,000 points/s
Light source Flash bulb Multi-core processing On external computer
Operating distance 0.4-1m Interface IxUSB 2.0, USB 3.0 compatible
Visual range 214x148mm Visual range (The furthest range) 536x371mm

Output format

OBJ, PLY, WRL, STL, AOP, ASC II, PTX, E57, XYZRGB

specifications of the scanner are listed in Table 1. cycling posture was determined to be 145° at the waist and 90 at
the knee.

2.2.2. 3D body scan posture

A 3D human body scan was performed on the subject in cycling 2.2.3. Virtual modeling
and standing postures to develop the cycling tights for the cyclist The scan data were aligned and synthesized using the program
by considering the cycling exercise using 3D human body scan Artec Studio 11 Professional. The missing areas can be mesh pre-
data. In the case of the lower limbs during cycling, the maximum pared by hole filling and healing defects, missing area reconstruc-
and minimum ranges are extremely wide and the their postures of tion, remeshing and rewrapping, and surface smoothing with the

various angles are formed by the bending of the upper body and the program Design-X(Fig. 2).

rotation of the lower limbs. Finally, as depicted in Fig. 1, the

Standing

Cycling Standing Cycling Standing Cycling

Front posture Side posture Back posture

Fig. 1. 3D body scan posture.
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Fig. 2. Editing process.
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2.3. 2D pattern development using 3D body scan data

The Optitex program was used to develop the 2D pattern from
the 3D human body scan data to develop the athlete’s cycling
tights. Optitex is a 3D virtual program, but it is possible to produce
a 2D pattern in the program so that the pattern can be modified
immediately after seeing the wearing state. The 3D human body
scan data can be used as a model in the program. Additionally, the
3D human body scanned shape stored as an obj file can be used as

a model in the program, and various shapes can be applied. By

OPTITEX

Fig. 3. Flattening.

using the flattening tool, we can see the mesh of the saved model
and draw the desired design on the body shape so that the pattern is
immediately compatible(Fig. 3).

2.4. 3D design of cycling tights

To develop the cycling tights using the 3D body scan data of the
subject in a cycling posture, body surface changes according to the
standing and cycling postures were analyzed in Design-X. In ref-
erence to the previous study(Choi, 2016; Kim, 2008) analyzing the
deformation characteristics of the skin according to the exercise
posture, only L1-1.4 are generated in the direction similar to the
dermatomes according to the mesh to determine the non-extension.
We generated curves according to the cycling posture and analyzed
the changes. Finally, in this study, the design cutting line that is
most suitable for the cycling tights for high school male cyclists
was established. Three cycling tights were developed, designed by
non-extension, without cutting lines, and using dermatomes,
respectively(Fig. 4). Cycling tights were made by 2ndwind, a
Korean cycling wear company, using the material most frequently

used for cycling tights. The material properties are listed in Table 2.

[ " T> 1 —

——

P

—— ——

3D design cycling tights 1
(Non-extension)

Current cycling tights 1
(Korea brand)

—— —h [
. .
—JCJ Tt THrEm EEDT

3D design cycling tights 2
(Without cutting lines)

Current cycling tights 2
(Swiss brand)

l—§\

3D design cychng tights 3
(Using dermatomes)

Current cycling tights 3
(Italy brand)

Fig. 4. 3D design and current cycling tights.
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Table 2. Properties of experimental material and KES

KS K 0210:2015 Nylon 82.5%/
Polyurethane 17.5%
Wrap knitted fabrics

Fiber content

Fibrous tissue

Fiber mass(g/m’) 220.6
Thickness(mm) 0.65

Tensile strength Vertical 295.6
N) Horizontal 395.7
Tensile Vertical 374.4
elongation(%)  Horizontal 3274
Recovery rate Vertical 95.0
(%) Horizontal 94.5
Friction fastness Drying 43
Wetness 4-5

Bending B(gf - cm?/cm) 0.023
Shear 2HB(gf - cm/cm) 0.53

2.5. Garment pressure and subjective evaluation of
cycling tights

We analyzed the garment pressure and performed a subjective
evaluation of the 3D designed tights and current cycling tights.
Schematics of the 3D design of this study and the current cycling
tights are illustrated in Fig. 4. For the current cycling tights, we
selected a Korea brand with common cutting lines, a Swiss brand
with the cutting line only at the hip, and an Italian brand with the
largest cutting lines.

The garment pressure measurement was performed using a
TNL-AMI 3037-10 air-injection garment pressure sensor, and the
garment pressure measurement sensor was used to inject air into a
non-woven air pack. The measured pressure was stored in a .txt file
for Imin at 1s intervals via Agilent’s data collector. The garment
pressure device is depicted in Fig. 5.

The subject of this experiment was a high school male cyclist on
whom a 3D human body scan was conducted(Fig. 6). To measure
garment pressure, garment pressure sensors were attached to the
following measuring points: O omphalion, @ liocristale, @ tro-
chanterion, @ midthigh, ® front crotch, ® posterior waist, @ but-
tock protrusion, and (® bottom band.

Three types of garment pressures were measured: for 1 min in a

standing posture and a sitting posture with the legs bent before

Fig. 5. Garment pressure measuring device. www.technox.co.kr.

D@ .

Fig. 6. Garment pressure measurement points.

cycling, and while cycling at 50 km/h for 5 min. Subjective eval-
uation was assessed by adding five high school male cyclists of
similar size to the subject of garment pressure measuring. Six tights
were randomly selected and worn before cycling and for 5 min at
50 km/h. Evaluation of the pressure at the eight areas of the gar-
ment was categorized as ‘very weak’, ‘weak’, ‘moderate’, ‘strong’,
and ‘very strong’. We asked about the cyclists to choose between
feelings of “unpleasant” and “pleasant” and asked them how they
would like to change the garment pressure if their answer was

“unpleasant”.

3. Results and Discussion

We analyzed the body surface length of 3D human body scan
data according to dermatomes to develop cycling tights for high
school male cyclist considering the cycling posture. Additionally,
according to the selected design, a total of three tights were pro-
duced by developing a 2D pattern.

3.1. 3D human body scan data analysis and cycling tights
development using dermatomes

To develop cycling tights for high school male cyclist, we
attempted to identify the construction lines of clothing by applying
dermatomes, as depicted in Fig. 7. Dermatomes refer to the skin
area where the spinal nerves are distributed, and all the skeletal
muscles to which the motor nerves derived from these dermatomes
are distributed, the sensory nerves to the skeletal muscles, and the
skin areas where the sensory nerves are distributed. Nakazawa
(1999) attempted to utilize dermatomes as construction lines of
clothing by considering the anatomy of the human body. When the
skin is stretched, the haunches axial line of the control area of the
lumbar nerve and the sacral nerve, the stretched area, were used as
the construction line of the slacks. In a previous study, Kim(2008)

predicted that disturbing the passage of nerves would slow the
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Fig. 7. Dermatomes. (Greenberg(2003). “The history of dermatome
mapping”. Archieves of Neurology.)

responsiveness to exercise; thus, it would interfere with exercise if
the dermatomes were not considered. The optimal dermatome, L4,
was selected so that the cutting line of the functional tight-fitting
clothing did not interfere with the dermatome. Choi(2016) con-
structed a performance cutting line and designed tight-fitting cloth-
ing based on the LoNE and the constitutive cutting line where the
change in body surface was relatively small. Therefore, if the der-
matome of the human body is applied as a clothing construction
line, the athletic performance is expected to improve without
restraint on the human body.

In this study, the major measurement points of the 3D body scan

Table 3. Length of the body surface according to dermatomes

data were landmarked using Design-X to analyze the changes in
the human body surface according to the standing and cycling pos-
tures. The purpose of this study was to develop the five-length
tights. The front and back center line was drawn on the body shape,
the inseam was formed along the crotch area, and the knee cir-
cumference was marked based on the knee point. By referring to
the previous study, curves were generated according to the mesh in
a direction similar to the dermatome lines corresponding to L1-L4
in the body shape in the standing and cycling postures(Table 3).
Consequently, the length of L1 and L2 decreased in the cycling
posture comparison with that in the standing posture, whereas L3
and L4 increased in length during cycling. Analyzing the change in
the length of the body surface in the standing and cycling postures,
revealed that the value between L2 and L3 changed from negative
to positive. It is assumed that there is a 0 value between L2 and L3,
and the LoNE is set to the area closer to L3 based on the rate of
change. Although the cutting lines are designed in a variety of ways
in clothing design, seams along the cutting lines of tight-fitting
clothing, such as cycling wear, can restrain the human body and
further affect athletic performance. Therefore, the cutting lines in
majority of the cycling wear interfere with the cycling exercise;
thus, the non-extension lines of the body shape need to be used as
the cutting line of clothing to enhance the fit. In this study, a line
close to L3 was applied to the design of the cycling tights.

3.2. 3D design of cycling tights
We designed three tights by considering the cycling posture in
Optitex(Fig. 8). 3D design 1 is a non-extension design based on the

Standing posture front Cycling posture front

Standing posture back Cycling posture back

Standing posture

Cycling posture

Position Rate of change
Front Back F+B Front Back F+B
L1 329 215 54.4 314 20.0 514 -3.0
L2 38.6 244 63.0 35.1 22.9 58.0 -5.0
L3 42.0 277 69.7 47.6 25.6 732 +3.5
L4 24.6 38.1 62.7 28.5 39.0 67.5 +4.8
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analysis of the 3D human body scan data, in which parts were con- area was made without the rubber band so as not to encumber
nected diagonally from the front of the knee to the back of the knee. breathing. The width of the bottom bands were 7 cm in all. 3D
A rubber band was inserted at the back of the waist, and the front design 2 reflected the dissatisfaction with the feeling of seam in the
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Fig. 8. Pattern development of 3D design cycling tights.
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current cycle wear satisfaction survey of the previous study(Park &
Do, 2015b), and the cutting lines were from removed both the front
and back to reduce air resistance during cycling. In the case of 3D
design 1, abdominal breathing was important, and the front area did
not use the band. According to the cycling wear manufacturer, if
the band is not inserted, the abdomen may be folded during
cycling. Consequently, 3D design 2 was made by inserting a rubber
band all around the waist. 3D design 3 did not have a cutting line
on the front panel because there of the air resistance during cycling
in the front area. The S2 line of the dermatome was selected and
applied to the design of the hip pad. Nakazawa(1999) suggested
that the S-segment of the dermatome should be considered for
wearing comfort in the structure of slacks, including the perineal
area that is most drooped by the exercise of the lower limb, and the
adductor magnus and posterior gluteal area. However, it is difficult
to sew pads because there is no cutting line other than at the hip,
based on consultation with the cycling wear manufacturer, cutting
lines were added on both side lines and the waist line to facilitate
sewing the pads. Additionally, because the hip is an area where the

feeling of thickness is felt from the pad, it was judged that the seam

there is not significantly felt.

Because cycling tights are made of stretchable material, the pat-
tern was completed by applying a reduction ratio to the developed
pattern. This is a pattern reflecting the cycling exercise by flatten-
ing the cycling posture of the 3D human body scan data. The lines
of the deployed pattern have been modified to complete the pattern
depicted in Fig. 9, and the wearing conditions of the subject are

depicted in Fig. 10.

3.3. Results of cycling tights garment pressure and
subjective evaluation

Garment pressure measurements of the 3D design tights and cur-
rent cycling tights are presented Table 4 and the results of the sub-
jective evaluation are depicted in Fig. 11. Additionally, the optimal
garment pressure was suggested, as given in Table 5, to influence
performance improvement during cycling. Garment pressure was
found to be most sensitive in the omphalion and bottom bands, and
the 3D designs reflecting cycling posture were found to be close to
human body. From an analysis of each garment pressure measure-

ment point, it was found that the garment pressure at the omphalion
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Fig. 9. Patterns of 3D design cycling tights.
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Fig. 10. Wearing conditions of 3D designs.
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point is an important area for improving the cyclist’s athletic per- for standing postures and 1.83-2.13 kPa for cycling postures. The
formance because of breathing. 3D designs 1 and 3, which did not garment pressure of the liocristale point was measured on the bone;
have a rubber band at the front, received a good evaluation. Appro- thus, the pressure value was higher than that of other areas. In par-
priate garment pressure in this area was suggested at 2.23-2.44 kPa ticular, the garment pressure of the 3D designs reflecting cycling

Table 4. Variation of garment pressure at the measuring points

Omphalion Liocristale
3.50 6.00
A —
3.00 / 5.00
2.50 A
7\
.
o 200 i \ ©
& & 3.00
1.50 — N .
1.00 '
i —
0.50 100 T \rz‘
0.00 B c D E 000 4 B c D E F
[——Standing p.| 2.23 263 244 2.06 2.04 2.48 ——Standing p.|  5.01 5.47 5.63 3.98 4.60 4.57
—-Cycle p 183 3.01 213 165 184 1.86 —-Cycle p. 137 156 145 1.29 147 1.29
—+—Cycling 1.89 3.40 1.91 1.58 132 141 —+—Cycling 142 0.84 1.40 137 0.43 0.63
Trochanterion Midthigh
3.00 2.00
2.50 — ) /’
N o BN
N - A
g IA’{/ < ! \ 3 3
% 1.50 \ / — 2 1.00 \/
1.00
\/ 0.50
0.50
0.00 B [ D E F 0.00 |4 B c D E F
[——Standing p.| _2.20 2.56 2.33 1.92 1.86 2.24 [——Standing p.| 1.45 153 156 137 155 173
—-Cycle p 173 2.15 156 134 0.93 1.92 —-Cycle p 122 153 1.26 0.83 1.36 152
—+—Cycling 162 0.58 172 154 0.66 0.90 ——Cycling 162 1.16 165 142 118 121
Front crotch Posterior waist
2.00 2.00
1.50 X 1.50
u
o }bb\ I o
& 1.00 ~ % 1.00
i W ,Aﬂ
\ A‘ / /
0.50 0.50 =
4 /i\‘ w
0.00 C D E F 0.00 [} D E F
——Standing p.| _ 1.55 1.03 1.16 1.10 1.00 1.07 ——Standing p.| 0.32 0.81 0.69 0.51 1.02 0.22
—#-Cycle p 1.23 1.03 0.81 0.45 0.45 071 —#-Cydcle p 0.84 1.46 0.65 0.43 0.74 0.40
—#—Cycling 0.89 0.49 1.08 0.90 0.45 0.60 —a—Cycling 0.54 0.24 0.34 0.30 0.17 0.16
Buttock protrusion Bottomband
2.00 3.50
A 3.00
150 / 2.50 %'
B 4 4{\ g 200 _— A ‘
Z A s
1 \n , 1.50 ™N
050 1.00
0.00 B ¢ b B 0.00 B ¢ D E ;
——Standing p.| 1.18 1.65 1.06 1.22 0.74 0.82 ——Standing p.| 2.1 1.96 167 0.98 139 2.64
—-Cycle p 0.78 0.94 0.70 121 0.88 0.69 —#-Cycle p. 2.19 2.00 1.83 2.10 1.95 2.87
—+—Cycling 0.76 0.11 0.81 1.08 0.27 0.35 —a—Cycling 178 1.15 177 118 135 1.87

A: 3D design cycling tights 1, B: 3D design cycling tights 2, C: 3D design cycling tights 3
D: Cuwrrent cycling tights 1, E: Cwrent cycling tights 1, F: Current cycling tights 1
p.. posture
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Fig. 11. Mean values of subjective evaluation before and after cycling.

Table 5. Appropriate garment pressure (Unit: kPa)

Appropriate garment pressure

Areas
Standing posture Cycling posture
Omphalion 2.23~2.44 kPa 1.83~2.13 kPa
Midthigh 1.45~1.55 kPa 1.22~1.26 kPa
Bottom band 1.67 kPa 1.83 kPa

posture was 5.01-5.63 kPa, which was higher than other garment
pressures; however, the subjects did not feel the garment pressure
strongly according to the subjective evaluation. Although the gar-
ment pressure is high owing to the tightness on the body when
wearing tights, it is considered that the garment pressure is lowered
by the elasticity of the material during cycling and does not inter-
fere with exercise. The trochanterion point is an area that undergoes
a considerable amount of movement during cycling, and various
garment pressures were measured; however, the pressures were
generally appropriate based on the subjective evaluation before and
after cycling. The subjective evaluation of the midthigh varied for
each subject for the same tights; this is considered to result from the
different movements and muscle masses caused by the cycling
exercise. 3D designs 1 and 3 exhibited slightly higher garment
pressures during cycling than when the subject was in a standing
posture; however, these were deemed mostly adequate from the
subjective evaluation average. Current tights 2 was also found to be
appropriate based on the subjective evaluation average. Appropri-
ate garment pressure of midthigh was suggested at 1.45-1.55 kPa
for standing posture and 1.22-1.26 kPa for a cycling posture. In the
tight-fitting performance sportswear study of Kim(2008), the gar-

After cycling

ment pressure of the three femurs was 0.73-1.32 kPa, and the mean
garment pressure was 0.23 kPa, indicating that the garment pres-
sure of our study was higher. This demonstrates that cycling tights
require some degree of pressure for cycling. The front crotch area
showed that the cycling pad had a greater effect on garment pres-
sure and the subjective evaluation than the tightness of the clothing
itself. The posterior waist point pressure was generally low because
of the lack of pressure on the back waist from the bending posture
of the cyclist. 3D designs 1 and 3 do not have a rubber band at the
front area and the pressure in the area is appropriate based on the
subjective evaluation average before and after cycling. The buttock
protrusion area showed the highest garment pressure in the stand-
ing posture in 3D design 2; however, it was rapidly lowered during
cycling, and hence, did not support the muscles. Current cycling
tights 3 was felt to show the highest garment pressure in subjective
evaluation in comparison with the measured garment pressure.
Therefore, 3D design 2 without cutting lines was weak in muscle
support, and current cycling tights 3 with many cutting lines
seemed to make the subjects feel more subjective garment pressure
while restraining the human body. Garment pressure of the bottom
band is the most important area for cycling exercise, and appro-
priate garment pressure in that area is crucial because it affects ath-
letic performance. Therefore, the band of 3D design 3, which
supports the thigh area with a similar garment pressure in all pos-
tures, received the best evaluation. Appropriate garment pressure in
this area was suggested at 1.37 kPa for the standing posture and
1.83 kPa for the cycling posture. In summary, it was found that 3D
design 1 in this study was well received in the omphalion, thigh,
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Fig. 12. 3D virtual try-on of prototype using Optitex.

and hip area, while 3D design 3 was well received in the omphalion,
thigh, hip, and bottom bands. Consequently, using a design with the
application of the dermatome as a cutting line of clothing, will ben-
efit the development of tight-fitting clothing that does not constrain
the human body. Therefore, the LoNE of 3D design 1 was applied
to the front, and the hip cutting line of 3D design 3 was applied to
the back. The 3D virtual try-on system using Optitex is illustrated
in Fig. 12.

4. Conclusions

The goal of this study was to develop a 2D tight-fitting pattern
for cycling tights with the appropriate garment pressure from 3D
human body scan data by considering the cycling posture. By ana-
lyzing the dermatome of the lower limb, the optimal cutting line
setting and the cycling tights were developed for individual
cyclists. We were designed three cycling tights to solve the size
unsuitability of adolescents. 3D design 1 is a non-extension design
based on the analysis of the 3D human body scan data, in which
parts were connected diagonally from the front of the knee to the
back of the knee. 3D design 2 reflected the dissatisfaction with the
feeling of seam in the current cycle wear satisfaction survey of the
previous study(Park & Do, 2015b), and the cutting lines were from
removed both the front and back to reduce air resistance during
cycling. 3D design 3 did not have a cutting line on the front panel
because there of the air resistance during cycling in the front area.
The S2 line of the dermatome was selected and applied to the
design of the hip pad. We analyzed the garment pressure for 8
points of lower body and performed a subjective evaluation of the
3D designed tights and the current cycling tights. As a results, gar-
ment pressure was found to be most sensitive in the omphalion and
bottom bands, and the 3D designs reflecting cycling posture were
found to be close to human body. Garment pressure of the bottom
band is the most important area for cycling exercise, and appro-

priate garment pressure in that area is crucial because it affects ath-

letic performance. 3D design 2 without cutting lines was weak in
muscle support, and current cycling tights 3 with many cutting
lines seemed to make the subjects feel more subjective garment
pressure while restraining the human body. In summary, it was
found that 3D design 1 in this study was well received in the
omphalion, thigh, and hip area, while 3D design 3 was well
received in the omphalion, thigh, hip, and bottom bands. In this
study, subjects perceived different levels of garment pressure due to
a variety such as selvage, sewing methods and movement accord-
ing to the body curves. Consequently, using a design with the appli-
cation of the dermatome as a cutting line of clothing, will benefit
the development of tight-fitting clothing that does not constrain the
human body. Therefore, the LoNE of 3D design 1 was applied to
the front, and the hip cutting line of 3D design 3 was applied to the
back. Additionally, we suggested that the technique of deploying
3D body types to 2D patterns can be utilized in the clothing indus-
try, opening up the possibility of designing optimal athletic tights
for each athlete. The results of this study are expected to be utilized
in clothing production to increase the efficiency of individual gar-

ment production in the future.
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