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The purpose. This paper aims to explore the applicability of computerized 3D virtual clothing
simulation programs for the development of patterns for men’s rock climbing pants.

Methodology. The experiment involved comparative methods of virtual wearing, as well as pressure
points, perspective map and appearance evaluations. The theoretical and methodological basis of the
research are scientific works presenting data from 3D virtual fitting software.

Results. The study selected three designs of climbing pants to compare the layout of patterns and to
analyze the appearance through virtual garment fit maps. First, the 2D-to-3D was applied to develop
garment patterns of a rock climber’s pants. The patterns were developed directly in the 3D software. The flat
patterns can be visualized in the sewing/assembly stage of the prototype. Then, 3D animation technology
was used in simulation. The results throughout the study were: 1) 3D simulation of three different types of
pants design. 2) Evaluating the fit and comfort of the clothing using garment fitting maps. 3) Identifying the
most discomforting parts of the patterns, thigh, hip, waist, pants hem and knee girth. 4) Modify and adjust

the clothing according to the evaluation situation.

Scientific novelty consists in providing a systematic methodology of utilizing 3D simulation for a

specific category of wearers, such as rock climbers.

Practical significance. The considered research directions of 3D clothing simulation can be used by
designers and patternmakers in the creative and experimental process of designing clothes expanding the
possibilities of software to transform functional design in the industry and research.

Key words: climbing; pants pattern; virtual fitting, design; 3D simulation; prototype.

Introduction. With pandemic
restrictions making it difficult to work directly
with  models, virtual fashion shows have
become more prominent worldwide. A number
of 3D virtual programs are available on the
market, such as Clo 3D, Lectra, Optitex, V-
stitcher, TUKA 3D, etc. The programs are
showing virtual garments in static and dynamic
poses on a 3D mannequin, with the possibility
to choose fabric properties (texture, draping,
elasticity, etc.) and sew the patterns by fabric
technical parameters.

Based on the growing number of
bouldering participants, in the present study
we used a garment system that makes clothes
patterns and 3D virtual fitting experiments for
this specific category. Rock climbing is unique
from a physiological point of view because it is
a physical activity performed against gravity, a
combination of body movements created with
kinematic and kinetic parameters which
require sustained muscle contractions for

upward propulsion. Designing
mountaineering, single-pitch, bouldering or
gym climbing pants for this specific category
of athletes assumes the understanding of rock
a climbers body, equilibrium techniques and
moves, environmental conditions, and using
ergonomic design principles to minimize
discomfort and improve performance.

Taking into consideration the latest
advancements and adaptation of the clothing
industry, we will present the theoretical
background and review literature regarding
the applications of 3D virtual simulation.
Information on anthropometric data is a
precondition of garment patterns design [1]. In
static anthropometry, people are measured in
unmoving, defined postures. Functional
anthropometry includes dynamic reaches and
strength measurement with the body engaged
in various postures. Dynamic anthropometry is
a major research topic in clothing technology.
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Analysis of previous researches. In 3D
garment design, the mannequin is basically a
personalized 3D human model from
measurement of a body with anthropometric
equipment, 3D body scanner or a measuring
tape related to a specific client [2]. The
researchers stated that the key to the
functional design of clothes with special
destination is simulation of its protective
functions during its activity [3]. Lee compared
in 3D virtual fitting two methods of pattern
development to determine curved design lines
and their three-dimensional construction, the
offset and the split grading type. He analyzed
the inguinal region and back crotch area in
virtual fitting of two outdoor pants patterns.
The difference between the 3D
offset/projection and the split grading method
was at the location where several curved lines
merged [5]. Liu W. measured the pressure of
yoga suit under different wearing states
through the virtual clothing pressure tool of
the CLO 3D platform [11]. For example, Jeong
Y. & Hong, K. [3] measured and analyzed the
pressure points in a static state and a cycling
dynamic state with 3D human scan data. Then,
based on the change rule of pressure, a
clothing pattern optimization scheme was
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proposed and optimized the design of cycling
jersey patterns. K. Liu et al. [4] built a pants fit
evaluation system based on the CLO 3D
platform and came to the conclusion that
clothing pressure data from 3D virtual fitting
software has predictive accuracy on the
assessment of garment fitness.

Statement of the problem. Rock
climbers need clothes that fit well, are
comfortable and do not restrict the climbing
body  movements. Therefore, dynamic
anthropometry is crucial for sportswear and
personal protective cloth design. The fit of
designed prototype in static and dynamic
body posture through virtual fitting was
analysed. A comparison was performed
involving the clothing stress, strain, fit map
and pressure points using CLO 3D, a design
software with an intuitive interface and 3D
simulation suitable method, to come to a
definitive conclusion and get a good
visualization of the products design. Therefore,
the purpose of this study is to develop
bouldering pants patterns and evaluate their
static and dynamic wear comfort in 3D virtual
try-on experiment. The process of clothing
simulation is illustrated in the diagram below
(Figure?).
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Fig. 1. Virtual garment fitting process diagram

Results of the research. CLO 3D system
version 6.0 was used as experiment platform in
order to identify the fit analysis capability
promoted through virtual prototypes. 3D
clothing software has been developed for
modeling the body and the garment in virtual
environments and includes three basic
modules: 1) a mannequin module to model a
human  body, which is built using
measurements from a real body; 2)a fabric
module to simulate fabric properties; and 3) a
pattern sewing module to virtually sew
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segments of 2D patterns together to generate a
3D garment mesh.

These modules permit the complete
computerized 3D clothing simulation of the
process of real garment making. In this study,
CLO 3D (http://www.clo3d.com) was used to
implement the virtual garment try-on. This
system has been validated as having an
accuracy rate of up to 95% based on
measurements of the stretch, bending, and
other physical properties [8, 10]. Real fabrics
used in the fashion industry can be converted
into virtual fabrics. Motion data can be
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imported to simulate human movement and
create animation. The CLO program was utilized
for 3D simulation method on the parametric
avatar, in order to reduce time and costs
needed to make the garments.

The first step in designing virtual clothing
is to choose a mannequin as the basis form. For
this study, the body of a male subject was
directly measured according to ISO 7250-
1:2017, in terms of body measurement items
like height, bust circumference, natural waist
circumference, waist  circumference,  hip
circumference, upper thigh circumference,
lower thigh circumference, knee circumference,
calf circumference, ankle circumference, crotch
height, knee height. Table 1 presents body
measurements of the male subject to be

generated as a 3D virtual male model avatar
within the 3D clothing software.

The male avatar is presented in two
kinds of display effects: dynamic and static.
The dynamic display is the effect when the
model is exercising and this is equivalent to
the effect of people walking normally. It is
generally convenient to observe the overall
effect of the clothing. The dynamic display of
the general effect is still in the model, adding
to its specific movements and gestures it can
be dynamically displayed. Therefore, before
designing a garment in 3D, the design of the
mannequin is particularly important, the
anthropometry, shape and posture of the
models play a very important role, as shown in
Fig. 3 [1].

Fig. 2. Mannequin characteristics

Table 1. Body measurements of the virtual male model

Abbreviation Body measurement items Body measurements (cm)
BH Body height 181
BC Bust circumference 96
NWC Natural waist circumference 74
HC Hips circumference 94
UPC Upper thigh circumference 55
LTC Lower thigh circumference 50
KC Knee circumference 35
CcC Calf circumference 36
AC Ankle circumference 22
CH Crotch height 87
KH Knee height 53
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Fig. 3. Mannequin poses

The first step to design 3D garments is to
create a 2D version of the model. This part also
can use CAD import directly: after the 2D plate
suture, the 3D layout  automatically
synchronizes with the 2D layout; then click the
arrange point on the 3D page. This step is very
important. As shown in Fig. 4, we have to make
sure that these points are positioned in the
right place and are as close as possible to the
avatr, in order to avoid any disorder during
fitting. In the process of sewing, the suture tool
should be selected to stitch from the top to the
bottom and then from the inside to the outside.
Then, the 3D interface will be stitched in
synchron. In the simulation process, the clothes
will be worn on the human model according to
the previous arrangement and design of
patterns.

After the completion of sewing and
place of patterns arrangement, the fabric
attributes need to be selected. In the end, we
can finally check the garment and also adjust
or modify some relevant characteristics, such
as color, brightness, tightness, fabric direction,
density, etc. We did these virtual garment
process for the three designs (Fig. 5).

Before using Garment Fitting Maps we
prepared the avatar in the right size and we
chose the avatar s pose. For the virtual
samples we chose the same type of fabric. It is
important to use identical or in case, similar
fabric that will be used on the real garment, in
order to achieve an accurate virtual fitting.

The distribution chart of contact pressure
points can reflect the stress level of the
clothes [7]. We can distinguish according to the
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color of the display. If the cloth is being
stretched really hard, it is shown in red, and for
the opposite it is shown in the green color.
However, if the area of green is bigger, the
clothes have less pressure on the human body.
Contact point is used to observe closely the
extent of contact between the human body and
the garment [11]. Through the distribution of
the pressure of the clothing, it can be very
intuitive to see the pressure of the virtual model
when wearing the clothing. We measured the
pressure of rock climber's trousers under
different wearing states through the virtual
clothing pressure tool of CLO 3D platform
(Fig. 7).

The fit map is evaluated for whether the
virtual model is suitable for wearing these
pants. This is shown in Fig. 8, it can be seen that
the clothing on the avatar is divided only into
two colors. Each fabric has a maximum
distortion and the value is determined by
stretch, shear and stiffness in the physical
properties of the fabric. Yellow stands for a
specific position that feels tight, and the
proportion of the total clothing; Red represents
the area where it can't be worn and the
proportion of the overall clothing. In the yellow
area, you can adjust according to the effect
achieved by the clothes. However, the red part
must be adjusted, otherwise the red part of the
actual clothing cannot be worn normally. We
must say that the discomfort parts are on the
waist and hips circumference The Fit Map is
calculated for the areas in which fabric and
avatar are in contact and shows how many
sections of the garment have reached.
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Fig. 4. Rock climber’s pants pattern panels arranged around a virtual mannequin
with the creation of segment sewing
3
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Fig. 5. Rock climber’s pants designs (a) Tight-fit pants; (b) good-fit pants; (c) loose-fit pants

Fig. 6. Exemple of workflow (b) good-fit pants
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Fig. 7. Pressure points tool for fit pants
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Fig. 8. Fit map
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Fig. 10. Stress map
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The Strain Map represents the rate of
distortion of clothing due to external stress
and is quantified in percentage form and is
represented by a color diagram. Red indicates
120% of the distortion rate while blue
indicates 100% (no distortion).

This is shown in Fig.9. and the map
indicates the degree of tension caused by the
pressure itself. Through the strain map, it can be
seen how much the deformation of the garment
fabric occurs after being worn on the virtual
model. If the area shown by the fabric is red, the
fabric is stretched more than 120%. At this time,
corresponding to the previous introduction,
clothing pressure on the human body has more
than the human body can bear. In the fit map, it
is shown as unwearable; the orange to yellow
area indicates that the stretch of the fabric is
between 110% and 120%. This means that
although the human body has a sense of
urgency when wearing it, it is usable. For some
tight-fitting clothes, it can be within this
tolerance; Green indicates that the fabric is in
normal condition. The Strain Map shows how
much the garment is stretched when being
worn.

To get more accurate results we raised
the percentage value for the stretchy fabric. In
the Strain Map the Blue shows areas where
fabric is not stretched, while red shows the
most stretched parts. That doesn't mean that
the red areas are a critical issue. The next step is
to consider those zones part of the protocol
that have to be investigated by using the Stress
Map.

The Stress Map shows the external stress
causing garment distortion per area of the
fabric, and appears in the range of colour and
numbers. Stress Map red colour indicates the
strongest stress (100kPa) while the blue colour
indicates zero distortion (0.00kPa). we can see
how much pressure is in the fabric per section
resulting from a tight-fitting garment.

We observed that were the trousers
pattern shows blue or green in the Strain Map
[%] and then a high value such as red or
orange in the Stress Map [kpa], our climber
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would be uncomfortable wearing a low stretch
fabric. If we chose a stretchy fabric for the
pants, we will obtain a red/orange garment
with a high value in the Strain Map, but low
pressure value in the Stress Map. We can
interpret that the sport item should be tight,
but with the characteristics of the fabric it will
be stretch enough so the climber is not
subjected to uncomfortable pressure inside
the garment.

From the observation of the simulation
patterns, it was possible to identify some
aspects to be improved: small fabric
parameters to be adjusted. The evaluation
from the fit perspective was based on the
analysis of images such as tension graphs with
the test body in a sport setting, in static and
dynamic positions. It was possible to observe
the clothing’s behavior and the tension
generated in a simulation of use. Based on the
principle of minimum average pressure, the
pattern of trousers was optimized to improve
the pressure comfort.

Conclusions. The results showed that
the pants can be optimized and the pressure
comfort can be improved by analyzing the
pressure points, stress, strain and fit maps, but
depends on the chocee of fabric. The Clo 3D
software allows patternmakers to use their
own expertise and know-how to parameterize
anthropometric data and to get renderings
from 2D patterns in a short time. This is a
software that fashion designers use to
complete garment design and production. It
can completely meet a series of design
requirements that fashion designers might
have, such as fashion design, pattern making,
adjustment and modification, fabric selection,
visualization and marketing. The strain map
and the pressure map show data very similar
to possible intuitive considerations. The
difference between the two is that the
pressure map reflects the pressure of the
garment on the virtual model, and the strain
map indicates the degree of tension caused by
the pressure itself. In the experiments, an
avatar was first modeled based on
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anthropometric values. Three pairs of straight
pants including good-fit, loose-fit, and tight-fit
were designed in order to better visualize how
the clothing items would fit and perform in
different stress scenarios. The emergence of
accurate 3D software for garments has had a
significant impact on the fashion industry in
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PO3POBKA OA4Ary ANnA CKEJIENIA3IB 3A

AOMOMOromo NPOrPAM 3D-
MO/JE/NTIOBAHHA

BI3ITEY A.-P., KYPTE3A A.

TexHiyHUl yHigepcumem imeHi [. Acaki,

M. Acc, PymyHis

MeTta AOoCAignTH NpPWAATHICTb
KOMMN'HOTEePU30BaHNX MpOrpam BipTyaabHOro
MOZE/NFOBaHHA OAAry AnA po3pobkn moaenei
YONOBIUMX LUTAHIB AA5 CKenenasaHHs.
Metoponoria.  ExcnepumeHT  BKAtOYaB
NOPIBHA/NIbHI METOAM BIPTYasbHOrO OASAraHHS,
a TaKoX  BM3HAYeHHA  TOYOK  TUCKY,
nepcrneKkTUBHY KapTy Ta OLiHKM 30BHILLIHbOTO
BUTAAY. TEOPETUYHOI Ta METOAOONYHO
OCHOBOK AOC/NIAXKEHHA € HayKoBi poboTw,
WO MNpeAcTaBAAtOTb JAaHi i3 MporpamHoro
3abe3neyeHHa ana  BipTyanbHoro  3D-
MPOeKTyBaHHA OAATY.

Pesynbratn. B po60Ti BUKOHaHO MOPIBHAHHSA
PO3MILLeHHsA AeTanei Ta aHai3y 30BHILLIHbOIO
BUIIAAY TPbOX KOHCTPYKLIA LITaHIB  ANd
anbniHIiCTIB 33 AOMOMOrok  Bi3yanizauji
MOZenen Ha TPUBMMIPHOMY MaHeKeHi Y
nporpami CLO 3D. TexHonorito 2D-to-3D 6yno
3aCTOCOBaAHO /11 PO3pobKM MoAenen ofary
WTaHIB anbniHicTa; nekana 6yan po3pobneHi
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PA3PABOTKA OAEXAbl ANA CKA/TIO/IA30B
C NMOMOLLUbIO MPOrPAMM 3D-
MOAE/IUPOBAHNA

BU3NTEY A.-P., KYPTE3A A.

TexHuueckuli yHusepcumem umeHu [I. Acaku.,
2. Accol, PymbiHUs

L',el'lb - nccaegoBaTb Ll,eJ'IeCOO6pa3HOCTb
MCNonb3oBaHUA KOMIMbHOTEPU3NPOBAHHbIX
nporpaMmm BUPTYanbHOTO Mo4esimpoBaHuA

oAexabl ANA pa3paboTkm MoAenen My>XCKMX
6ptok ANs ckanonasaHus.

Metoponorus. SKCnepuMeHT BKJrOYan
CpaBHUTENbHbIE MeTOZbl BMPTYya/IbHOTO
OAeBaHMA, a Takxe onpejeneHve To4yek
faBNeHns, MepCcrneKTUBHYKO KapTy W OLEHKY
BHELLUHero BUAa. TeopeTnyeckou 7
METOZAO/IOTMYECKON  OCHOBOW  WCCAeA0BaHMsA
ABNAIOTCA HayyHble paboTbl, MpejcTaBAsOLLNe
AaHHble MO MporpaMMHOMy obecrneveHuno Asa
BMPTyanbHOro 3D-npoekTnpoBaHNa oaexabl.
Pesynbratbl. B paboTte BbINONHEHO cpaBHeHWe
pa3MeLlLeHna feTanen 1 aHaav3a BHELWHero B1ja
Tpex KOHCTPYKUWWA Oprok Ans anbnMHWUCTOB C
MOMOLLbIO BM3yanumsauum Mogenew Ha
TpexMepHoM MaHekeHe B nporpamme CLO 3D.
TexHonorna 2D-to-3D 6bina npuMeHeHa Ans
pa3paboTkn Mogenen oaexabl O6proK anbnu-
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HayKoBWIA haxoBUIA XypHa

MucmeymeosHagcmso. TexHiuHi HayKu.

6e3nocepesHbO B nporpamMmHomy
3abe3neveHHi. Jnsa mogentoBaHHs Byna BMKO-
puctaHa TexHonoria 3D-aHimau,ii. PesynbTaTa-
MU gochigxkeHHs ctann: 1) 3D-moaentoBaHHs
TPbOX  PI3HUX  TUMIB  MOAENEeN  LITaHIB.
2) OuiHka fKOCTI nocagkm Ta KOMQOPTHOCTI
OAAry 3a AOMOMOrOr KapT obnaraHHA oaAry.
3) Bu3HaueHHA Hanbinbw  ANCKOMPOPTHUX
YacTuH geTanen BMPObIB Ha AiNAHKaX CTEroH,
Tanii, HM3y LWTaHIB Ta 0b6xBaTy KOJiH. 4) 3MmiHa
Ta peryntoBaHHA JeTanein oasAry 3alexHo Bij
pe3ynbTaTy OLHKMW.

HaykoBa HOBM3Ha noafdra€e y HajaHHI
cMcTeMaTu3oBaHol METOAONOTII
BMKOPWUCTaHHS TPMBUMIPHOTO MOZAENHOBAHHS
AN pO3pobkM Mogenen oaary Ans MNeBHOI
KaTeropii KOpMUCTyBauiB, TakuX K CKeaenasu.
MpaxkTnuHe 3HaueHHA. PO3rAHYTI HanpsMu
focnigxkeHb 3D-moaentoBaHHA 04Ary MOXYTb
6yTm  BMKOpWCTaHi  AuM3arHepamn  Ta
BMpOOHMKamMK  opAary y TBOpPYOMYy Ta
eKcnepuMeHTanbHOMY npovueci
NpoeKTyBaHHA BMPO6IB, WO PO3LLMPIOE
MOX/MBOCTI  MPOrpaMHOro  3abesnevyeHHs
ANA 3aCTOCYBaHHA QYHKLiOHANbHOTO AM3aliHy
B LUBEWHIN rany3i Ta HayKOBUX JOCAIAXKEHHAX.
KniouoBi cnoBa: ckenesnasaHHs;  s1ekano
wmadis; 8ipmyasneHa npumipka; ousauH, 3D-
MOOe/Il8aHHSA; npomomun.

IHOOPMALLIA
MPO ABTOPIB:
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HWCTa; Nekana bbin paspaboTaHbl HEMOCPEACT-
BEHHO B nporpaMMHoOM obecneueHuun. [nsa
MOAEeNNpoBaHnA bblna NUCNOb30BaHa TEXHONO-
rna 3D-aHmmaumn. PesynbTatamum nccaefoBaHns
ctrann: 1) 3D-mogenmpoBaHns Tpex pasanyHbIX
™MnoB Mogenen Oprok. 2) OueHka Kadectsa
Nocagknm N KOMPOPTHOCTU OfEXAbl C MOMOLLbIO
KapT obneraHmna ogexabl. 3) OnpeaeneHve
Hanbonee ANCKOMOPOPTHBIX YacTen JeTanen
N3ennin Ha yyactkax besep, Tanmu, H13a Bprok u
oxBaTa KosieHa. 4) VIameHeHune n peryanposaHue
AeTanen ofexabl B 3aBUCUMOCTM OT pe3ysibTaTa
OLLEHKMW.

HayuHas HOBM3Ha 3aKaroyaerca B
npeaocTaBaeHUN CUCTEMATU3NPOBAHHOM
MEeTOAO0N0rMM  WUCMNONb30BaHMUA  TPEXMEPHOro
MOZeNNpOBaHMA Ana  pa3pabotkm  mopenew
oAeXAbl  ANA  OMNpeAeNeHHOW  KaTeropuu
nosb3oBaTenen, TakKnx Kak cKanonasbl.

MpakTnueckoe 3HaueHwue. PaccmoTpeHbl
HanpaB/ieHns  ucciegoBaHmii  3D-mogennpo-
BaHWA OAeXAbl MOryT ObiTb MCNOAb30BaHbI

AV3aliHEPaMM N MPOU3BOAUTENAMU OAEXAbl B
TBOPYECKOM UM 3KCMEPUMEHTaNbHOM Mpouecce
NPOEKTUPOBAHNS  U3AENUN, 4UTO paclmpsiert
BO3MOXHOCTM MPOrpaMMHOro obecrnevyeHuns ans
NpUMeHeHVs  QYHKLMOHaNbHOTO  AM3ailHa B
LUBEMHOW OTPaCAN N HayYHbIX NCCAeA0BaHUAX.
KnioueBble cnoBa: ckasos1asaHue; 1ekano b6prok;
8UpPMYyaibHAA npumepka; dusauH,  3D-
mMoOdeiuposaHue;, hpomomun.
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