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A Mixed Reality Painting System and Its Interaction Device That
Realizes the Taste of Real Painting Brush

Mai Otsuki ',
Asako Kimura ',

Kenji Sugihara™,
Fumihisa Shibata™',

Tomomi Nakajima,
and Hideyuki Tamura '

Abstract — Many digital painting systems have proposed, and its quality is improving.

Graphics tablets are the widely used as input device with 2D display for these system. However,

the operational feeling is different from that of real painting tools because of its rigid nib. In

addition, many users want "direct manipulation" and want to see the moving of the brush tip

while painting. Therefore, we realized a digital painting system which has three requirements

to solve these problems: (1) It realizes the taste of actual painting brush using tip bending and

interactivity with computer, (2) Users can paint both 2D and 3D, (3) Users can hold a real ob-

ject and paint its surface directly. In this study, we developed BrushDevice for (1), and pro-

posed a painting model that realises a bending tips and stroke effects. In addition, we devel-

oped mixed reality (MR) painting system for (2)(3).

Keywords: Painting simulation, Input device, Brush device, Mixed Reality.
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(a) Tint and shade (b) brushmark (c) drybrush
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Fig. 3 Strokes by an actual paint brush

\&

Magnetic
sensor

Push weakly
R 4 SRS SA AONEHE
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Fig. 6 The basic shape of footprint in our system
(Left: Round and liner brush, Right: Flat)
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ANEN, FEE A OFICBIET 212 E & WVesenor
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n
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Z ZC, Reservoir, Surface Dj% L7 BNZET/p 5
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= Rmin — Rmax + R
= ( S -9 ) . ( -9 ) max
max min s min
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() BWEXRETOBIR

FESER T TIE, WIE B 2RI 5 72 OITHkE R
Wol-Bite525.

42.1 T~ X 51T, Surface TILfEHER D IFH
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BY, REIZOMTORBRT . 22T, ik
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Pe L Cu 5 Surface D > 7 TiE, HEMEIEH O W5
FIDOFBENKE L, 422 TIRA7-FEIG & RTE 50
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TIFEALERZIORNEZEZLND. ZHIZX LT,
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F9°, Fb LEno7- Surface DX 7 LEEREL,
i & BEHL L TV B H 7 & surfacey, € DB T
% fustacey TEO LN ST nHO X 7 surface,: (R
FZATNT S k=1,2, ..., n) BZNZNFEOWEH]
NE fortace, &T 5.

O ERoT=2 o 7RO hEaF L, Fdk L
I 23 72 9 A FE ¢ 7> DR 2k U CHEEL 25| )
3R, Z AT surface, DL 5| J1% & LA, Fautace
ZRODH. BT, surface, (=0, 1, ..., n) PERFFS
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STHMETHZEZBEL TS 2D KRB,
FHER 2R MR ZSL CoREE T Z & RIZ LA L
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b LB L TIHELE.

stjface = f:mfjfacc 0 + Sln( ) Z fvurfacek (l 7)

ptgmenl ; pigment | (18)
Fplane = fplane (19)
F = Fplane - F;ueface + Fptgment (20)

Plane & surfacey, surface, & surface 41, ***, (k=0,1,
e nel) EWVWH X2 DRSS Z TR L
T F>0 725X Surface DRILAH Plane ~, F<0 72
© X Plane 75 Surface DR T ~NEEEZBIT S 5.

BT D 2 27 W CRITRILEE 21T 2 BRICIZk T F
T 5.
if (F>0) F=F—m{§ﬁ)ﬂmm
, 1)
else if F=F+ sin(7r - (9) 3 .
(£<0) 2 '

k=nll2BET, HDHWVIXFOHFENREETHET
(Bih, FROICBWTIEF<0ICRD £ T, FOICH
WTIEF>0IC72 b FET) kainsy, ¥ 7/ o
B 240 K4 2 & T, 1 SHERAN TOBIL
HEITY. Z0O 1 H#ERNTOBRLEIT Y » h 7
Vo o=y 7 1ENICR LT 1 IEIThN 5.
BAALIRF 2 72 ) OBIRE thgrfuce-surfuce (22N TITIR
KTRkpoEND (6: TH).

(7 2mr
usur ace—surface ﬂ & Sln( - ¢} T (22)
f f 2 n

PLEND, K55 0BmEIZ (23)24) TRDH
no.
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IF(F>0)  =minVypee max ~ Vsutacs, (23)
min("surfacek+I AU e urpace)
Avsurfacek —surface;
elseif — _ min(v -V 24
(F<0) surface; ,; _max surface; . ° ( )

mln(vsurfacc,( H A t usu/_fface—su/fface ))

BT, RO T-ARE OB B AVspuce-surtuce 2 7 (13)
D Wgpiceplane W ARANT D 2 & TH 7 NDIREEAT
I, ZhiCkY, 7y b T FNOKBILOJEEE
(CEAENA T, FEIEOENL, 3 L OWRHER = & (Ic &
ol Bl LTEINA.
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5. B EEREE X T LDER
51 VR T LR

AIE F TIZIR AR ER T S A R L 232 L7
WET LA R LB TR AT A AR FEBL LT
PER DRI & e _To R & BRI, 2 ol
2T, Hbdhm TR SN D IEMERERICH
BEFHWENITZLLE9, 54 —2L—FR0D
MR VA7 LELTEIHLTWHRTHD. FEHT
NAAPHBTE, FENDRAENHE DL S 72
EHERECE LA THDH. b, ZOVR
7 L% [MAI (MR-based Artistic Interactive) Painting
Expert] &FEATWND.

DY AT MERO B S EER2 G 2 B 14 12R7
MR ZERIDE B - #5521 Windows XP OS, Intel
Core2 Duo E4300 CPU Z##5#9% PC Z# H\ /=. MR
ZEM] DO MG R ICH A T NEAL O HMD (Head
Mounted Display) T# 5 Canon VH-2002 % L < (&
VH-2007 % V5. %72, HMD, FEMF 4 X, B
FOF HE AT R AR i e R IR o
Polhemus LIBERTY ® L 3 — 3 Z Wjik L, 3 R (E
%@%ﬁ%ﬁé

ZER DAL « $&7R1I2IE, HMD ICE S 7z 2
m@ﬁ)‘ TNHLET XX 7 F ¥ 1— R (ViewCast
Osprey 440) #41 L CHEEF A PC ~H Y iAZ, HMD
DONLERBICE DY CG Z EEME L2k, 77
7 4 v 71— F (NVIDIA Quadro FX 1700) /6%
NZENHMD OFH, ZFHHOET 4 A7 LA ~H
NTDHZETCa—WFITRT 5.

KR AT LTI, HiExES & 72 2 ik L [FIR
D3D-CGET NEFEYRE He D K H MRZERMHIZ
BLE L, FRF A XD ANERICGHRESNE
HEFE R A2 Z D 3DCGET NV LT 7/ AF v~ B
Y7L, EMRICEBRHET 5 LT, EWE~D
ABR 2o fiim 2 B L T\ 5 (B’ 15).

723, MAI Painting Expert @Y 7 F 7 =7 1%, H
IR C 2 WotHICHEE I IUL, FEAREE D> AT
LELTEDOEFHHATELMHAMEEZRA LTS
52RA VT4 VTR E

MAI Painting Expert TiZ, L FOFIATE IR
NRAT AT DPTRD.

(i) FEOFBIR: HE - FE - mHEOFEOH D

HEE L7V A b — 27125 U CTERT S 2D Sk
oY) TRz,

(i) BOER - BE : £ LicF RSN BREDO D Z
— by MR E#EMIE5 2 LT, fTEZofasr
BINTE2 (K16 (a). /3L b EEomEEL T
B OOEROTHIZELAETHD (FX (b).
fRHEEX, BN Ly N EOEEOAIZfiliL T
7-HEEIC el L cEin L, BRAEORKEEIIWNIZH -
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TNA R AN, RE#EDLZERTED (A
(©). HDTAITHE Ly b ETRAFETHS.
(iv) EIEHE : & LiX, ET A R el
WCHLMIBEI S ED 2L T, REHIC ZENTE
L. Fi, HEXGIATHRND Z Ik o THT
b TEs (R (@).

5.3 EER & Eamfl

17 1% MAI Painting Expert Ver.1.0 {2 L 5 A k
a—27 OFIT, 77 VR EE W CRRgR IS RiE L
bDTHD. EWITERITRE THRIWZIGE &
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EREATETCVWD LIHMicE 5.
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ETNSA ZHEET LD, ﬁfﬂ&ﬁfé_
LT, ZOLYUVZEEETH Z ENTE 2. WIS
FEOMMBEE T, 7y b7 U M i%ﬁﬁmﬁ
ERWTEY, FERT A ZOFEITHWTZFEM O
il X SOMEAE O NN E A RN T, 2 — B RERRE
L7 EYL, BUSTZ D L &momEd AL 7eh
S L, 7y b TV FEHRBICEREL, %
SUNLISif Ry A7 O RS )]
B OISEERENM ET 5L b, Hix53b A
fe—7 OELRERICM ELZ. 202 b b,
A [ERE N U723 5h T /A ALK T 7 /L D 4 PN
SAEERTWAH EEZ LS.

H 18 DIEMEI S £72, SLEMAZ FICE LN
ZOREE B ZRL-ERTHD. EhO
SERREE IO HIC L B DT, T TIEEHMET
TRV, EBRENGIL, FORBREICITW LR B
RN O CE L WIHFEZ2GTND. 20
FEOBE B > AT AT, BRI E2ZRT, HORE
FEFEVIAATERIZEORSNEMTE 55D THD
RE72OT, A4 PFIEHERERO B 5 H B A 2RO
RIND, BETNDONT A=K R - i LT,
54 BRAMNLIRHMRLER

AREICH LIV AT LD aN— 3 (Ver. 0.8)

H - Bf REOREREEN LEEAREEBE AT LAEERAFETNMR

Magnetic sensor controller
(POLHEMUS LIBERTY)

Output====
Input ——»
Head, Device, Object
4 Pos. & Ori.

Receiver

»

Generating 3D Image & i
Managing MR Space PC | [

[

HMD Controller

e M. V| deo data Input value
i (NTSC) from BrushDevice

Device controller

ICT A AW B LIofG R,

Transmitter
R 14 27 AL
Fig. 14 System configuration

Ehix r E AN DS 1

UNEDIER) rtl0)
HEEfER

—

(a) PRBRE (b) FRERAE LR DAL
(a) Experience (b) User’s view

B 15 EEBFEUHm S 2T A

Fig. 15 Mixed Reality painting system

V-a

(a) CADIFG (b) RE
(a) Pick a color (b) Mixing colors

(c) KROEUSF
(c) Add water

(d) HE
(d) Wipe stroke
B 16 A>T 427k

Fig. 16 Painting operation in our system

(%, UIST 2009 (A F % - 02 b7 &
SIGGRAPH Asia 2009 (/i) 12, B/3— =
(Ver.0.9) 131 > %773 a2 2010 (FRHUR) (7
FIRR LTV ERSF S 207 » FRRICE LTl
HERWERAE D DI B REVED GO, YI0E
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B 17 K27 LA TOHMERR (EB) & REROMBEIR (FE)
(ZEoied, BER, Hi)
Fig. 17 Painting results of our system (top) and real effects (bottom)
(Left: tint and shade in footprint, center: brushmark of flat brush, right: drybrush)
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X, MEEEBRETE SIS THE DT, EEE

OYIEE RV g v _R—ZADOFEOHICL Y,

NMEADERELN ESE5 Z LIXRETH 5.
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Fig. 18 Painting
examples
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