e EER BRI
Korea Computer Graphics Society Vol. 26, No. 2, P. 1~9

L2 35S o] Gt TR Ao A 2] 331 EH YT

N
d
o
o
o
Hzg

ol sfoj s} 7 F el sl

minyoung.mia.k @ewhain.net, kimy @ewha.ac.kr

3D Surface Painting in VR using Force Feedback

Minyoung Kim° Young J. Kim*

Dept. of Computer Science and Engineering, Ewha Womans University

2 °F

2 Aol A 7HE BTHVR) AL ARl A 9 w91E ARS Al gs] $iat A wee A e e w Aol A
AR, ASHSHE A Adol A S nhE T Aol (HMD)E 285 AH-§ 417 Aetal o) 2 eel o] e Au|2 o] g5
of A|ZHd s =3} Y QEslo]20] £2h2 v s F Ao Eashel /A Bl Al ] EAVINF 324 oI A
& 4 9tk B3] ¥Y Qo Ak Thg B A HAY BeAle} WG] Beld 45ag-E F@ste] VR HQ)
99 g d W =e ATk ol M BLhoIA AR B2 AA Y Aol B T HEG A2 nEae
BG4 gk ol 2 Fol ALSAE BUAT WA H9IY 2L Fo] WY Aol G2 olu Holge] AnEe
FAAD 4 9lom Auba o F Bk A7k VR

Abstract

In this paper, we propose haptic interfaces based on force feedback to provide a physical painting experience to virtual reality
users. Through this system, the user can create surface-based painting holding a haptic stylus, while utilizing both visual feedback
from the worn HMD and haptic feedback during painting. In particular, the haptic interfaces simulate the physical interaction be-
tween painting brush and painting, which can help to improve the spatial perception of users and compensate for visual feedback.
This can reduce laborious drawing works to repeatedly paint strokes and therefore yield a better painting performance. As a result,

users can experience more effective and realistic VR painting with this system.
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Figure 1: System Overview
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Figure 2: Haptic VR Painting System
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Figure 3: Brush Stroke Modeling
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Figure 4: Painting Palette
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Figure 5: Anchored Drawing

331 TP cEYRC

Figure 5= AH8-2H0] ~EFQl 2] A 9]2]9} AFg A7} Aejgh ~AER
3 wj]o]l TAE 2|7 Ato] o] A g o] Hlel|ste] g4 e W =u
& A@ote whalel 14 £ REE vehdit o] @Y nd
o oln] 187 BHT P At A 7ho] A Zo| & BhA
o2 Tste] ALEAIT} o] 2 £7}o B ARSI 2 ghh(Figure
5-(a)). AHEAP7E 187 H A" w4 9lof fE Qe o] A2 A
A 1A RES Agsid o] REL 22617 9l e A0t
H|4] Aolef zhgahe B (A it et g o] 97
(Fe w118 w322 A2 D)ol Hl#d|sti #E A A4
4] 2 gkt o] 71el 7 thFigure 5-(b)). 0] 2 o] §5to] A&
2= w2 9] 1A AR B2 A Apo] o] A A Zo] @
AL Goto 2 sIgh BAlo] Al doz e 5
9lch.

T E29 REE B5f A8 M 3 0] o7t
o 2t 7Heate Agto] Hla) At 9122 o APA 0
7 4= 9)t}. o] 2 Bgate] HMDES 45 5] 28 &<
A o7 A selats WA H T ZFHsk T wE A 1
a9 4 Uk T3 ol E
O] AR AL o] AEZ T 9] 9|x]9} T dalA AAsH= Aol
7satek wheba] B Al AELL A& A Hely zHejol] gt AL
|219] ojof ZZFA 0 2 w33t 4= Qi

332 M EH RE

F

m
Virtual Plane

- -

— Penetration Depth

;;rtual prawing Plan®

(a) Concept (b) Model

Figure 6: Virtual Drawing Plane

Arora 5 [412 M B ol M 0] E29) 58 ST AT
o4 BelH EAY ZA FF7F VR E29] Femo] GFL

A Ze]A]l 2 oA
SolA 29 199 st

e e,
o
%

L OE‘
i1
uiel}

ol 2

rf
Iot o
H <

o
ox 1
Kl od 10 g T

ﬁﬁmﬁ

o 1Ir
Hir
%2
o, L

o Mr S oX
m

38 of,
o
o

ot
4

g7Igto 2 A A BHE A EHoldste 7MY BH BEE A
QFetth(Figure 6-(a)). A|¢tol= REE Sof 55F BHS &
Sto] ARgAY] Zo] Q1A ANAdstar, 33k 7MY S oA 2

Figure 7: Virtual Drawing Plane Mode

o] BEL B4 A AT Bste] AHAt AERD
2l 59 AT FRu] 20} QIE B ejA o} bl HE
5 QES Fich ol ol g3 AHEAHE 52 BHlo
A8 o] 4 Bliol] W o] S) QoA 7ol 7t o

i

g
F

o
i 32 R g b

O:

I

o3

[e3
filo rek

oft |
no |m

o
ox,
o
>NSE29
r L

i o B [
BT = e
N,
o
ro
1>
o
o
ol
>,
N
20

>
oo

i 3o
Ir -
N

>

In

I

o,

EL

[
e g
lo
|z T
i)
|m
o,
T
N
N
oz

il
N
)
ek
4

o)
i)
ofl 9
10 >

el
lo
e
m
g,
ol

=

Lo ol
re, 2
fr

oo
o
T >
i
o
%
o, F_% N
ju)
> %
oo ™
S rlo
T oE
o rlr (rm
)
il
[ o
Iz
mlﬂl o
e
o,
ol

i)
B

[> o i
o L1 Ob m L o O pdb g

10 KU o rr
ol
-
rr

ro, o T ood
o
)
lo

Eg"‘.:
o
__\:‘._l“

o]

S .
RN
It
2
N
N
o

i

(CTbS
o
>

Aele] 917
Sl ~E 229 st 5
7] Wizoll AHgARS] 3F 1A B Al AHA
(Figure 7). =2 ¢ Ho] &/Jol=H, A~H
A HE T o] 29 YX(C)E ©]-8-5t FY e H o]~ 9]
A of g gt Z & Z] o](penetration depth) S T3t} (Figure 6-(b)).
o] HF go] Aitof| ofste] A 13 o] PE RIH O A7) £,00E
H'g ¥l 7]4e] o] sl A7 Frt. T 2 3 o] FZghof A E Ay
g Qe wrE o] Wi s Fo)7] Sl A4S ARSI

\ulOOEl
(M= R

S

o,
FIO 3]-‘4
o
o >,
by rlo
02 0 gl R of

frnag(d) = €5,

6]



7|4 di= HF ZolE YehH o] Y e Ho| AR &Fa}
= HFHEE MY o] g ke g FAdS YEl Ao
2 AAET, e, co= WE AL 0] F(stiffness)@f A
A2 B QoA Zhzh 29t 252 g 5hich apx]ete 2
AHe g o] Wek(F)2 W o] WA W o] o s AYHct

(Figure 6-(b)).

333 g AR B e

AANA QY ARE ATt 247 BE 5 9o, oz
o E7prg B4 WY AU FRE T4 Kaolth metA
VR 9919 A AR 212ke]) AER S BaRe] AR o
2 WY ASE AFot i ol S vl o R FAHE 9 F upEe S
Atste] thopet B2 ehle] Bejd] 2E2AE TAs
(Figure 8). %, AH§AP7L M0l AE2SE 22)7] A%sH @
8 A29e 7t 8aA o) Fm(viscosity, S WHgstol B <)
B o] 27} o) Fohe WaHv) ol MR FOR 95 uhae £

Tt

ool X

U2 #Hdd 2 A4E = Ak

@)

- -

Viscosity(u) = 3.5 Viscosity(u) = 5.0

Viscosity(u) = 3.0

Figure 8: Graphical brush textures using Mozilla A-Painter [19]

4. 729 A7

=l A AAIE HY #H Q1" A] A"l AMD Ryzen 7 3.70Hz
CPU ¥ 16GB2] Q1 H|=2g|, NVIDIA GeForce GTX 1070 Ti”}
A2 ¥ PC2H4 3}, 18 tjHlo] A 2 = 3DSystems AF2] Touch[20]
£ AHgSte] A5kt HEo] HMD=A = Vives AHg-5to]
VREHE S A5 11, 28] <l Z(Unreal Engine)& 7|HHO 2
T A ES FAskoh B3 E fH P2 915l Open-
Haptics 2 18] A7) AF5-S @S Riidel 5 [21]9] Un-
realHaptic &2 191-& AF-8-5} %At

41 99 2%

o
A,
H
o,
[>
fr
<
=
i‘-l‘;
o
)

D)
2
filo
4
odl
&

o B

AN of rr
2oy

mo oo

Auj
e,
v
[
o
i_“‘
ro,
ot
[~
|m
i
u
o
lo
o
fu)
)
N oS
A

o I

1
—~
o
~

Ir

o
:Oul‘_I,
o
R

Moy T

Lo &

1o i m 3

= o

1% ne LU
2 ol mlo ™

il
rr
b
Hu
o
-
o,
e

L
1 £5] 87} E9kon Hiee] B 9
B go]E £ F9ltHFigure 10 - (d),

3!
U9

[=

=

o
—_
\:—ﬁ
3!
/)
=]

=

o
—_
~
n
N
-1
R
R
K

N

2

T

Mo

ok

)

2

N

(o]
oy

B
I
—_
>,
ofo
>
rr
>~
N
T —
tlo nlo 4

ro

t

Ho oo O U
o rir

42 A48 7

B Aol A147 BohE ool Foiaiel g e B
o A2ge] AFage] g fEne Sgskel. 7t 2
o2tz T 24158 B 294] Apole] o 68T WA 19, % 7
wol 47katoct. A WAL 7t A7iarol A HMDE 284 5|
2 A2Ee So WeAte] 98 el 27} 349 Fee]
BeFS Tl 5 b S 3 agelgen, ol 9El B
= Apge] o2 Wa 7 15)% AgHch. oF, BoiAES T
A A A8 BRIt UEE SAehich L8 A
7R = B AR 49 AR Q1 User Experience Question-
naires(UEQs) (2219} 714} @170l 41 o] 41178 3 ko 427
Q1 Witmer®} Singer [23]2] Presence Questionnairess 7|50 2
2gEgich, w5, 2 A 29SS0 AL AP0 g A2 e
& B3317] 91914 T R Table 1 574 © Z7kshelch

3 4 5 &

5 42 3s

7
: 1
5
4

I

1 2

]

i
Ha
oot

Figure 9: The mean and standard deviation from user study



&9 | 9 g 271 g

| W Qe o)A AFESHA groke whe] Held 2
B2 el g3t Qxsct

2 | B Ao AS EG M 87 a4 P
Aol golstsirt

3| e ATl s A ge] THE B R aES 24
o mgo] Hloint

4 | W Qe o] A AHg A0 1Y Bt ol e
ek

5| ¥Y dAEmol s Ago] a3 WAE SAH: )
Fgatsct

6 | B AHHo|~ AL AR et wIY AE
Aol iel] = 2ol o] 91

Table 1: Additional questions for haptic experience

Figure 9= Table 19] 77 A= £3o] A28 HolZeh 4F
S 5o} Ak B Qeol 29 ALgo] VR H91F 2
L F2L FASAT. 591 AH8R
£ ALg of ol M2 ATES Ao]]
of == Zol7} gleka SEehe

2

Ao o

Z00] Ei AeigE sobsit o) Ego] B9tk thgshelct
FAHoEE 14 S BE 9@ 7bg BY DAY B
wrlo] FhA 7| ZHOR gl WAy 2o fElts
FE59 A St WHo] P Aejso] 28 4§
Yok W FRE Aelgtol hE AZHA Tzt o 2 %) 23
211S 5ot ol olele-s AAtkT st 4 v of
520] WQlg Ato] BAM L P20l A9 BE Qo] 2
FE0E 19 WY ArHEo] v 7HH0R Bt Fern
skt BE AL YY) 2etelelne] 2 220)
A, B tlufol 2 BA|2) $YIY S BRAGO 2 SHHS
1 7bg B el A9 o] % ZAW L ARG 2 A Hsteint
ofe= A A7IAte] SF 5 7 ool

"IRS e FA AT e Qe solx 23} A]
o] £l Fo] Weoln. E e w7} Holg 2
oJo] S A]e] dojLpx]ah WoHo] Fapolaba] Y vk
o] selg 2ol Wik H2] QFekEIch”

b4

42 4 ¥5 97

2 QAo A AFEAIe} T Apo]o] A wE e A B ek
e AE o] 22 o] &5 VR AL ALHE AASLTE. Al
A E2 TN B ES A 8T R A AHL AZE W Eu o of
£4e F0)3 PolFe LA 5 G F2H A g2 A Bt
TQlE aaoto] ATAES B B H HUG O Az

ot AdiA 3 Aol e 7E S0l AHH 2= VR H{IY
dde AeohH I 2, AHgARe] VR HIIY S A7
+ AE 7H TS

& Aol A ARgRt fE Huto] 2 Hdf o5 B o)A v o]
agE 2EdY A BY oz O9e O 5 e A 2749
Ate] Aot Heo] dl2aE 78 FAE Aoz a4
S3be 7S B o] 3t v 2854 Fote Al AlH-
&5 A = ol T34 AE ANAISH ] Sl et HE
Ut Ao} ofof mhE AFA B A Foll ek

(b) Lotus on the Water

(c) Flower Wreath

(d) Building

Figure 10: Results using Our Haptic VR Painting System

aAe 2

2 A= AT SH AL HFANY (2017R1A2B3012701)
o A0 FAHLE. A8 Bobol Fols] 74 BE BE
A A= ] A Ale] £8-E 41 olstel Aot oG

References

[1] Google, “Tilt brush by google,” https://www.tiltbrush.com/,
2016.

[2] Facebook, “Quill by Facebook,” https://quill.fb.com/, 2016.

[3] Y. Kim, B. Kim, and Y. J. Kim, “Dynamic deep octree
for high-resolution volumetric painting in virtual reality,” in
Computer Graphics Forum, vol. 37,no. 7,2018, pp. 179-190.

[4] R. Arora, R. H. Kazi, F. Anderson, T. Grossman, K. Singh,

and G. Fitzmaurice, “Experimental Evaluation of Sketching



Figure 11: ”Burano Island in Italy” from different view points. The total number of strokes are 880 and the surface drawing result
contains over 60K vertices.

Figure 12: "Bedroom by Vincent van Gogh” from different view points. The total number of strokes are 873 and the surface drawing
result contains around 70K vertices.



(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

on Surfaces in VR,” Proceedings of the 2017 CHI Confer-
ence on Human Factors in Computing Systems - CHI ’17, pp.
5643-5654, 2017.

D. R. Lampton, D. P. McDonald, M. Singer, and J. P. Bliss,
“Distance estimation in virtual environments,” in Proceed-
ings of the human factors and ergonomics society annual
meeting, vol. 39, no. 20. SAGE Publications Sage CA: Los
Angeles, CA, 1995, pp. 1268—-1272.

L. Bouguila, M. Ishii, and M. Sato, “Effect of coupling hap-
tics and stereopsis on depth perception in virtual environ-
ment,” in Proc. of the 1st Workshop on Haptic Human Com-
puter Interaction, 2000, pp. 54—62.

E.-L. Sallnis, K. Rassmus-Grohn, and C. Sjostrom, “Support-
ing presence in collaborative environments by haptic force
feedback,” ACM Transactions on Computer-Human Interac-
tion (TOCHI), vol. 7, no. 4, pp. 461-476, 2000.

E. Sachs, A. Roberts, and D. Stoops, “3-draw: A tool for de-
signing 3d shapes,” IEEE Computer Graphics and Applica-
tions, no. 6, pp. 18-26, 1991.

S. Snibbe, S. Anderson, and B. Verplank, “Springs and con-
straints for 3d drawing,” in Proceedings of the Third Phantom
Users Group Workshop, 1998.

D. Keefe, R. Zeleznik, and D. Laidlaw, “Drawing on
air: Input techniques for controlled 3d line illustration,”

IEEFE Transactions on Visualization and Computer Graphics,
vol. 13, no. 5, pp. 1067-1081, 2007.

B. Baxter, V. Scheib, M. C. Lin, and D. Manocha, “Dab: in-
teractive haptic painting with 3d virtual brushes,” in Proceed-
ings of the 28th annual conference on Computer graphics and

interactive techniques. ACM, 2001, pp. 461-468.

D. F. Keefe, D. A. Feliz, T. Moscovich, D. H. Laidlaw, and
J. J. LaViola Jr, “Cavepainting: a fully immersive 3d artistic
medium and interactive experience,” in Proceedings of the
2001 symposium on Interactive 3D graphics. Citeseer, 2001,
pp. 85-93.

S. Schkolne, M. Pruett, and P. Schroder, “Surface drawing:
creating organic 3d shapes with the hand and tangible tools,”
in Proceedings of the SIGCHI conference on Human factors

in computing systems. ACM, 2001, pp. 261-268.

G. Wesche and H.-P. Seidel, “Freedrawer: a free-form sketch-

ing system on the responsive workbench,” in Proceedings of

[16]

[17]

-8-

the ACM symposium on Virtual reality software and technol-
ogy. ACM, 2001, pp. 167-174.

B. G. Witmer and P. B. Kline, “Judging perceived and tra-
versed distance in virtual environments,” Presence, vol. 7,
no. 2, pp. 144-167, 1998.

R. Schmidt, A. Khan, G. Kurtenbach, and K. Singh, “On ex-
pert performance in 3d curve-drawing tasks,” in Proceedings

of the 6th eurographics symposium on sketch-based inter-
faces and modeling. ACM, 2009, pp. 133-140.

M. D. B. Machuca, P. Asente, W. Stuerzlinger, J. Lu, and
B. Kim, “Multiplanes: Assisted freehand vr sketching,” in
Proceedings of the Symposium on Spatial User Interaction.
ACM, 2018, pp. 36-47.

M. Kim and Y. J. Kim, “Haptic interfaces for tangible digital
painting in VR (extended abstract),” in Proceedings of the
Korea Computer Graphics Society, 2019, pp. 20-22.

Mozilla, “A-Painter,” https://aframe.io/a-painter/, 2019.

3DSystems, “Touch Haptic
https://3dsystems.com/haptics-devices/touch, 2019.

Device,”

M. O. Riidel, J. Ganser, R. Weller, and G. Zachmann, “Unre-
alhaptics: A plugin-system for high fidelity haptic rendering
in the unreal engine,” in International Conference on Virtual
Reality and Augmented Reality.
147.

Springer, 2018, pp. 128-

B. Laugwitz, T. Held, and M. Schrepp, “Construction and
evaluation of a user experience questionnaire,” in Sympo-
sium of the Austrian HCI and Usability Engineering Group.
Springer, 2008, pp. 63-76.

B. G. Witmer and M. J. Singer, “Measuring presence in
virtual environments: A presence questionnaire,” Presence,
vol. 7, no. 3, pp. 225-240, 1998.



(X XE2H)

A9 9

2017 A ohetn AQ et 38y} skt

+ 2019 =& A o]zt Ao st H3FE & 87}
AL

o Aok QJIEAE B AFEH g A PgA
7MEEA 5

* https://orcid.org/0000—0003-4273-7118

-

a9

+ 19933 A&tjstu AAEA gy} kit

+ 199613 A& oistu AAEA gk a) A}

* 20009 Purdue University, Computer
Science HA}

+ 20039 University of North Carolina at
Chapel Hill ¥rAR- A€

- 20039184 o] ol Ahei k. A FE B e
pEs

LT RO QIEUE N AFE a2, A
A, 2uEs, Y2, S ndy 5

* https://orcid.org/0000—0003-2159-4832

(4N



