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o YA vitlele} G 71Ee wEeh el
upe} Hapol o] Abal dS dAIF o Al7tEt
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71Ee dA 7P Rk A mlve] VeR
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231 9ltiLee & Sheila, 2017). o]l ¥ AF&= #
skeh= JRst Alde] HAY Vs @39 3
2 PR e AT AR RS Sl E 98t 7]
Z A7EA HE A8 VR 71N AAIA] E9
TS AR H3EAR] AIE A sk siAd
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3) 7PdEs 7NE 2AF B g

%719 VR &8 72 @F e, v A 3 (Magic
Leap), W77+ A (Virtuix)AFe} 22 A2 7]s9E
ZEE AR AEFES]o] F4lo] o] o] FojFARE
HAF ool HEH, 712, wlo]ARAEE, A, Fo]
2~ (Facebook) 57 22> =2% ICT(Information
& Communication Technology) 71%¢] FL&HHA]
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& Kim, 2018). 2015\ T-2°| <Figure 4>} o]
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Figure 4. Tilt Brush &8 &8st mjMc|xtel AFX|,
From Google’s Tilt Brush. (2016).
http://www,stashmedia.tv
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(Gravity Sketch)’} 212, o]ojd 2017:d F-2o]
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H| =135 4] 2~(Unbound Technologies)A 2] 1Hl>-=
5 (Unbound Alpha) & 5©] Wl3£%]0|TK(Table 1).
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Release Developer Name Supportable HMD Price
2015 Google Tilt Brush HTC VIVE, Oculus Rift, Window Mixed Reality $19.99
2016 Oculus Oculus Medium Oculus Rift $35
2016 Tenklabs Kodon HTC VIVE, Oculus Rift, Window Mixed Reality $29.99
2017 Gravity Sketch Limited Gravity Sketch HTC VIVE, Oculus Rift, Window Mixed Reality $29.99
2017 Google Blocks HTC VIVE, Oculus Rift free
2018 Unbound Technologies Inc. | Unbound Alpha HTC VIVE, Oculus Rift, Window Mixed Reality $29.99
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. 7H3&A 7]uk 2A1X] F2 #7178 v3Y 2999 549 fY02 aFeet
@8 54 4 3 H9E 54L ANSh

1. AR =E D 2 =299 AR =
A EZ)H(free drawing type) 2AIX E9
A7 ZA1E VR 719 2A1A] E2] s T|A} 4898 g 24 o WT Tzol e B
QAN B FE I S o o) s sk 25 1]
FEER] o] sk VR 7ME AAIA] ofE Te B AYHE =28 A7 gSo] u]A,
Aol AHIE FRsk] A% 71l wet WA gelo] EAAo) AW Al 2 2
FE st 2 SAS SAEIth Ak A T20)8] A% E9] o|E <Table 29} 7o) HE
<2018 9¢¥ ~ 2018 11€ Afolel =rule] 2 & BajA] A, FHCIEVR, AAXEA ofUVR, VR
AFOI=RL T wwwgoogle.com), Mo Hwwwnaver. g 17 apgglet, Aby ERd A4 59
com), =2}Ql Al ofEeAlIA fE5 HEA Qe Fo] 2~ EAT} 2o V)5S A uE, Akt
A El(Steam, http://store.steampowered.com)lA] VR o] o] EgoJo| 7R e AAIR] 27k
sketch’, ‘virtual reality sketch’, “VR drawing’, ‘virtual A3E 1, DEEeleport) 715 Ed AAA
reality drawing’, ‘VR design tool’, ‘virtual reality 7hss Baksl FPFEzkelA] ARG2e o)Eo] 7}
design tool’, “VR fashion, virtual reality fashion’ <] a7 WAl As AEZeo] add I}

AAE 719=g g o, 1 Ay HE B
2 A, VR A7 X|(VR Sketch), Z2|H]E] AAIX] VR,

ol ERtoolkityS £ HeAleh AAX 2A
(adjustment) 715l A 4 vk A =29

VR ISOR Camvas), MRS S Qi) g oo el AR 5 gl 291K w7
L2 vY Y, vEAE I AVR(Masterpiece VR), #l EAQ 7158 HHAE o]gst =29 7]%0
O (Shapelab), AN=HPaintlab), =2 0 g Lag ns, A, g3k 5 AEA 2AA
FVR(ANImVR), SEVR(VOXVR), FReiiKanova), 5o} sagxp fate melaled 27, 4, am,
27| 28~ (Sketchbox), FE(Kodon) 5 & 16712] 9x0) w3} So £Hol e A7t wvkel 2
AFEPE AT TAAAS HMDS AR S g mge sjgets spte) HelaEe] Algarh
g € 0] 5908 VR 5 T4 didelA 1 9], 5 9iolA] AZter o]u] A9} obj, fox T
AL, o 4k BeYS R Belg 498 5 9
5% vde] glojuelel szl AgHrh 9E
vyl B g A Bl A el 2
59 =4 o Zelpoly) ERE A% W&ol 9
FAE AHES B9 Fo /ey EAS F AR AR SAAE A, SRl & UlelA
Ao QEHo| A EA A7kl v e, A ANz 5 = 271X 5 F(sketch integration)
AR Aabze) 54E FHoz Al B4 7S Al
¥ =9 B4 2 A7 T o] mhE A7 Alzkst W ol A ERQJE A7
Ange] opdel weh 248 2AK B ARE A B 58 AU, AR gt vike
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Table 2. At EEYE

A,

27X

dm

=9

Tool Interface & Function Visualization method Sketch outcome
3D interactive canvas and free hand drawing & painting | free-curved or straight line sketch
teleport function making the volume structure | outcomes
Tilt Brush 3D dynamic brushes materials | by stacking the strokes building the volumetric structure
and a virtual palette choosing the specific brush network between relational
1 sketch ajustement tool type and the stroke effect structures
Dev. Google Open source libraries(Poly) for | selection and transformation | various textures, lighting, and
sketch integration of sketches color sketches with dynamic
HMD HTC VIVE, | 4udio support & camera effects of brushes and material
Oculus | finction effects
3D interactive & infinite canvas | free hand drawing & painting | free-curved sketch outcomes
Quill layer nesting system making the volume structure | network between relational
virtual toolkit for illustration: | by stacking the strokes structures
2 eraser, colorizer, and choice of the specific brush | divergent-line sketch outcomes
Dev. Facebook adjustment tools type and the stroke effect and animated sketches
HMD Oculus Rift, | animation tool ajustment and animation of
Touch audio support sketched objects
Paint VR 3D interactive canvas interface | free hand drawing free-curved sketch outcomes
Dev. Coskami & fiifferen.t moving. choice of 3D brushes and network between relational
3 options(point and click stroke effects elements
Gear VR, moving) divergent-line sketch outcomes
HMD OculusGo | customizable 3D brushes and a
virtual color picker
3D interactive & infinite free hand drawing & free-curved sketch outcomes
SketchBox canvas space combining sketch objects building the volumetric structure
import 3D model & export via | importing and ajusting network between relational
Dev. | SketchBox | SketchFab sketches from external structures
4 virtual toolkit for drawing & | app(Tilt Brush/Blocks) divergent-line sketch outcomes
HTC VIVE, editing sketches choosing a specific brush type
HMD Oculus Rift, | 3D primitives & size indicator | and a stroke effect
Windows | Open source libraries(Poly) for
MRheadsets | gketch integration
3D interactive canvas space free hand drawing free-curved sketch outcomes
AnimVR creating & arranging choice of 3D brushes and network between relational
environment layouts stroke effects structures
virtual toolkit for drawing and | deformation of sketches to divergent-line sketch outcomes
Dev. | NVRMIND . . . . .
5 annotation animate and ajust animated sketch objects
HTC VIVE, | sketch integration: importing
amp | Oculus Rift, | standard FBX, OBJ and GTLF
Windows | & export to Unity
MRheadsets | virtual camera & audio recording
VR Canvas 3D interactive canvas space free hand drawing free-curved sketch outcomes
Dev. | Pixelwave |3D dynamic brushes materials | making the volume structure |network between relational
and a virtual palette by stacking the strokes structures
6 sketch ajustment tool choice of 3D brushes and various textures, lighting, and
ovp | G VR, laudio support stroke effects color sketches with dynamic
OculusGo transformation of sketched effects of brushes and material
objects effects
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Table 3. 7|5t&ts med

M

HEd 2% 22 §4.

Am

Tool Interface & Function Visualization method Sketch outcome
3D interactive & unlimited from free hand strokes to single/grouped sketch objects
Gravity Skeich VR canvas bezier-like spines(subdivision) | curved and twisted surface
various 3D dynamic 3D modeling & sculpting 3D geometric surfaces and
brushing/modeling/ sculpting combination 2D and 3D volumetric mesh
1 Gravity Sketch | mode sketches 3D network based on relational
Dev. Limited toolset for drawing 3D stylizing sketches with various | structures between design
geometry shapes texture brushes elements
HMD HIC VIVE, import external models
Oculus Rift | oxport for design prototyping
3D interactive & unlimited Low polygon modeling block-built sketches
Blocks canvas block combination for building | combined shape of sketch
toolset of 3D brush and a volumetric concept object based on relational
2 color palette stacking of sketch objects and | structures
Dev. Google block combination for building | applying color effects
spail and volumetric concept | geometric transformation of
HMD HTC VIVE, | export sketches for 3D sketch objects
Oculus Rift prototyping
3D interactive & unlimited geometric shape block-built sketches
VoxVR canvas [teleport function combination(cube, sphere, combined shape of sketch
combination of geometric lines) for building volumetric | objects based on relational
shapes for building volumetric | concept structures
3 | Dev. |Broken Vector | concept stacking of sketch objects and | 3D geometric surfaces and
toolset for sketching & editing | applying color effects volumetric mesh
HTC VIVE, |sketches and a color palette geometric transformation of
HMD Oculus Touch | sketch integration via import | sketch objects
& export
SketchBox 3D interactive & infinite free hand drawing & 3D free-curved sketch outcomes
canvas modeling building the volumetric
Dev. SketchBox | import 3D model & export via | combining 2D/3D sketch structure
SketchFab objects network between relational
4 HTC VIVE, |Virtual toolkit for drawing & | importing models from structures
OculusRift, | editing sketches external app(Tilt Brush/Blocks) | divergent-line and shape
HMD Windows | 3D primitives & size indicator | and ajusting sketches
MRheadsets | Sketch integration via Google | choosing a specific brush type
Poly and a strock effect
VR Sketch 3D Interactive and haptic free hand drawing & 3D geometric sketch outcomes
canvas modeling/editing building the volumetric
Dev. Baroque multi-user mode combining 2D/3D sketch structure
5 Software virtual toolkit for drawing, objects network structure between
HTC VIVE coloring, modeling, & editing | choosing a spejcific preset r(.elational parts of sketch.es
HMD Oculus Ri ﬂ’ sketches models from library single/grouped sketch object
Sketch integration via SketchUp
B2 P TRl eael A7k WA, $87 RdE /19 @0 29l =2 (ine drawing) 7]
Se) A9 M350 S8 S Algehs emE 2R VR, AR,
ek md AR AAK BS B PE VR A B w9k 2 vjget 3
AR Ak 9] 7]kt %‘E}H s x9 2AA AAES 4= Sl <Figure 7>}
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http://www.cgchannel.com
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Table 4. R7I18 dH|Hd

M

= o,

o2
oz

AAx E9

Am

Case

Interface & Function

Visualization method

Sketch outcome

Oculus Medium

Dev.

Oculus

HMD

Oculus Rift &

Touch

3D interactive & infinite canvas
toolkit for sculpting, painting,
& editing sketches and a color
palette

various hardsurface model
brushes

layer and light controllers

3D sketch integration

free hand drawing & 3D
sculpting

stacking of sketch strokes and
applying color effects
combination of sketch objects
stylizing sketches with various
texture brushes

organic and volumetric
outcomes

relational structures between
sketch elements

dynamic visual effects and
divergent-shape

Masterpiece VR

3D interactive & unlimited canvas
3D painting & volume

free hand painting/
modeling/sculpting

single/grouped sketch objects
3D fluid surfaces and

Dev. | Masterpicce VR sculpting tools combination 3D sketch objects | volumetric shapes
HTC VIVE, |import external models & images | stylizing sketches with various | relational structures between
HMD OculusRift, | export sketches for 3D texture brushes sketch elements
Windows prototyping
MRheadsets | multiplayer mode
3D interactive & infinite canvas | free hand drawing, sculpting, |free and fluid surfaces and
Kodon toolkit for low polygon to & spline modeling shapes
hardsurface sculpting, spline | stacking of sketch stroke and | volumetric sculpting outcomes
Dev. Tenklabs modeling & painting combining sketch objects in relational structures between
various low polygone and group sketch elements
HTC VIVE, | hardsurface surface braushes stylizing sketches with various | dynamic visual effects and
HMD Oculus Rift, | color & texture mapping texture brushes and color divergent-shape
Windows 3D sketch integration via .obj | effects
MRheadsets

import/export

Unbound Alpha

3D interactive & unlimited canvas
3D volume sculpting &
CAD-like modeling tools
physically based material

free hand drawing, sculpting,
& CAD-like modeling
stacking of sketch surfaces
and combining sketch objects

single/multiple sketch objects
organic/freeform/Volumetric
shapes as well as mechanical,
CAD-like objects

Unbounf‘l system in group relational structures between
Dev. | Technologies, mesh exporter for 3D stylizing sketches with various | sketch elements
Inc. prototyping texture brushes and color dynamic visual effects and
HMD | HTC VIVE | realtime multiplayer mode effects divergent-shape
ShapeLab 3D interactive & infinite canvas | free hand drawing, sculpting, | free-curved sketch outcomes
toolkit for sculpting tools and | & spline modeling and volumetric form based on
Dev. Leopoly painting stacking of sketch stroke and | the traditional hand drawing
mesh exporter for 3D combining sketch objects in and sculpting methods
HTC VIYE’ prototyping group network between relational
HMD OCQIUSlet’ pre-designed 3D model stylizing sketches with various | structures
Windows templates texture brushes and color visual effects and
MRheadsets | 31y gketch integration via obj. | effects divergent-line sketch outcomes
PaintLab dynamic & interactive brush | free hand drawing free-curved sketch outcomes
Dev. LAB4242 tool & color palette choice of the 3D brushes and | network between relational
360 degree spatial observation | stroke effects structures
HMD | HIC VIVE supporting from ideation visual effects and
actions to design prototyping divergent-line sketch outcomes
Kanova using and testing various sketch outcome based on the | geometric outcomes based on
Dev. Foundry realistic brush and sculpting tool | methods of free drawing & the object sculpting and
360 degree spatial observation | 3D modeling matching activities
HTC VIVE, | of objects being sketched combination of sketched object | network between relational
HMD Oculus Rift, supporting from ideation with various textured brushes | structures
Windows actions to prototyping using sketches constructed based on | visual effects and
MRheadsets relational structures

3d printing

divergent-line sketch outcomes
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Abstract

This research aims to explore the possibilities of using virtual reality(VR) technology in the field of fashion design
as computer graphics, software and hardware technologies evolve. This study focuses on VR-based sketch tools that
can be utilized in the stage of fashion design concept generation. Among the commercialized VR-based sketch
applications, sixteen cases were selected to conduct analysis and classification. The analysis was based on the sketch
method and the result of sketching. As a result, the characteristics of the VR-based sketch tool were classified into
three types: 1) Free drawing type, 2) Geometric model matching type, and 3) Organic freeform modeling. The
characteristics of these three types have been analyzed in terms of interface and functional characteristics, visualization
methods, and sketch output.

As a result of the analysis, Free drawing sketch tool was based on traditional hand drawing methods and characterized
by the aesthetic and divergent use of unique visual effects created through the use of virtual graphic brushes. Geometric
model matching sketch tool was based on the intuitive geometric modeling method and characterized in that the sketch
objects are created and matched by the polygon and subdivision modeling. It helps to express the three dimensional
form and spatial extension between the design elements, and also the spatial expression associated with each other.
Organic freeform modeling sketch tool was characterized by the creation of organic and freeform sketches through
the iterative generation, accumulation, and arrangement of identical sketch faces based on volumetric surface creation
through traditional sculpting methods. In conclusion, it is expected that VR-based sketching tools can be used in the
fashion design process through efficient convergence of stereoscopic concepts and visualization, exploration of relational
structures, and expansion of the fashion design process from ideation to prototyping.

Key words : Concept sketch, Fashion design process, Virtual reality






