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Development of New BrushDevice Augmenting the Feeling of Painting on Virtual Objects

Kenji Sugihara, Mai Otsuki, Asako Kimura, Fumihisa Shibata, and Hideyuki Tamura

Abstract - We have developed a mixed reality (MR) painting system called the MR-based Artistic Interactive
(MALI) Painting Expert, which simulates painting of physical objects in the real world. This system includes an
interaction device called MAI Painting Brush, which has the characteristics of an actual paintbrush, and a
painting model developed using this device. However, this system could not give the feeling of painting on
virtual objects in an MR space. Therefore, we proposed and developed mechanisms that simulate the effect of
touch and move when a brush device is used with a virtual painting target. In this paper, four mechanisms were
proposed; the bend, slider, belt, and flap mechanisms, to provide the feeling of touching and painting a virtual
object with the brush device, using visual and tactile feedback. These mechanisms were implemented and
tested as prototypes, and a new brush device named MAI Painting Brush++ was designed and developed based

on the result.
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Figure 1 The new brush device which realizes
feelings of painting on virtual painting.
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Table 1 Four mechanisms that realize the visual and tactile changes of a paintbrush while painting.
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Figure 2 The model representing visual and tactile change
of a paintbrush while painting.

AW AEN—ETH-72E LTh, £0 3 KTHR
J5 AR T R & AT TR g, Mo & i
IZHEEF oW E S ixe bk (B 2 () ER). 7~
L, ZoOMEDNE %, REOICEE L Fi Lo
7 hvE, BEOWIOEATREDICOMT 5 &, jiE X
RGN B A2, 2OHRy M enD (2 (a)
AR). ZHUCH LT, S%EITHERG S GEN 2T A,
BLOWBEEIC T 2EOM LT RICEEELZIT .
ZOZEND, 3 RITHRFRIE O R X T EAIC R T R
DM E LT LOTIEHRL, WUMTEAICE UREE
DLV ELEBE L CEHETILERDD.

T ZTAMIETIE, T /34 ZAOHGE 56 & HEHEwE &
S e AR, HEMm IS A LA R L o T
Ry MNVEERT D B RET V) ZHEEL, 3.1
Wi Tk~ 7o, MR A MR T 5 () ~ (i) © 3 >OHEFE
EERETD.

L, MkE Liabe s Lo ENSEL,
BEHA~OEMAEBELET L. ZokLiis, ko



IAEIR A~ DR BER 2 2R L 7B RS 7 /S 2 DA%

LR Il 7 L TY RN HEEB LT 2EERER
THY, I THETDHIBBIERET VITHmE T L
EHET DL O TR TUIRBLRW. HlEET VICBE L
TiX MAI Painting Expert Verl.01 7 2555 U 7= H 42
RETNET D, 2K 2 @) Rt X )T, HERRT
X Lo R Em EE FL—RXFT52 L0, &
END I~ MVITREIEE O X 2G U TE ks
DVENRDHD.

UEDZ L, Fx IR AT AOMETT L&~
— AL L, Al EM A TR R R T L A
T5. WEITIE, KAONZ MLoFmERE SEREET
27N TY XRBZOWTIRR, ZOHEREERET L
BTV, fiEE oM X & ORI OV TERER
.

42  RARY FILOFR#EE

FF, FERT S RTEY T TR Y OME R
B Pogor & T ZAD R BE LN D &I SR
DIRANLE F CTOFERE fanaer FEDOR S 1y, & HEITH
DIRILALE O, BIUENGNLE Py, Z3RDD Z LA TE
% (B2 (b) £BR). Z D2 %585 OPy, & Hilii
EHEKTDRY TUNZELTWDIGEEIT, T4 AN
MBS BRI L TV A L HET S, 2L, ZoFE
TIRFESED L7e 0T X » TAE U AR D Jeii & D% &)
NEFBESN TR, FZ T Verl 0ICTHEELE, L
T HIGECTEoBEOET V2RI L, Py 05
Py, KO D, TORRENOFEOB) X 2558 LI
BQERHTHZLT, ZoOREAMBITS.

WIZ, O BT L — A OFEOIBITALE O’ ~[[2> 9
X7 ML OODEE (K2 (b)) %, T/ ADHE 2D
OP,. L BETHHTHES EIZHETH L, K17 b
X OFMPNRED. Fim S BT 2HEHESY Fry
EXDRTAEON FEO LY Fnées(E2 (o).

43 RARV FILOKZ=SHE

Mo OPy, (BEJEZS L7225 TV D4 1E OPy,) 23
SIBRORY T eZFELTVWEEE, MyLzoRY 2
CEETN E DR QEELN Lt > TV DHHAIZQY)
Z3RD, QO (BN L7Z2-> TWAEAIL Q0) D%
T 5. FHRTOME T, B LATIEES
DTN E & ARFEORAN E O/ NS <72 b, Bk
DL BRBENDL FRA~DIIBRKREL 2D, ZOZ
EMD, KIX7 PVOREZ wlIRATHRIITE 5.

l, —|0Q)

w:%xa (a: TEH) ey

tip

T, dIN BB IOT VFam— X OFEIC
FoTRREDEHERD.

44 HERBRRETIEHEEETILOBER

AR AT KB T DHiHELEEIE, MAI Painting Expert
Ver.1.0 &7 LEBECTH Y, HEEE EOT S ADO#BNC

HWoT7y M7V v P EERIICITE~ND Z &I28D 2k
0 —27 #4325 (B 3). MAI Painting Brush CIIF#5E I
WS DXy Rk v, ERR~H LT 2o
Faseokig (Le v Him - &) ZEGL T, Kv R
T ATV DL L 0 REEZTIG TE
O, BEIZMb DRI MO E &EREZE 2O
FET MY TED D, BARRIZIIREE 7 /2B 5
L7 Fmazg Ly &xel 35, I CTHEDRK
LR AEZ OQux T DL, ¢ IRXUCEIVEHETE S,

¢= 1ijgrvmx (Oyax - EED @)
a

45 BERETETIEHEEOEZDORERZ
FEIRODIEY , AW TRET HHBERRET LTI
HEEOEE G C TR AN " EELEED. 20
7o, BRI L2 L — AT L 0L &
AL EDHERH L. 22T, ZOMERIERET IV
B A DX OIEE O DR ICEA L GE S
z 5. FEHRTIE @) #EA ARG & OEATO%E (K
4 X)) 12k, (i) AT TRWES (X 4 5K) o5
DREEDO L BRKREL 2D, BB RET MR
WTh, (1) OBE LV (G) OFRRZ NV 0Q D EEREEN
B, LRVENAKEL RS F(1D)Q). ZhiTk
D, HEWIE O TR0 Rele DR~ OREEIZ BV T
WOIRK IR "ERRTLZENTES.

46  BETNA R~NOEERIRTETIILOER

T U Fam—F % 3L A D (N R, T
Z v 7R IZBWTE, TNETNOWREELFHEST L2

Eﬁh‘:/i"fxw
g FJYRFYLD
HAR K

FEAEDKEIZIHLTIVRTI VLD
TR -mE - HEMNEEEE

3 HIET LY XA
Figure 3 Painting algorithm.

R T & R ) 23
TATTRN
B4 HiEEERET VS HEE OB E & ORfR
Figure 4 Relationship between feedback model
and tilt of painting surface.

7T & AT



Ea—~vw2 AL H T — A

L2k, RARZ SAOFEHETIENTE 5.
T Faz—FE N ORIET A RZBNT, n FEAD
T U F az—X OBREIR d, 13T MADTFFRE &R
EIwEHNTUTORTREND.

d, =cos(0-2(n-D)z/N)w 3)

¥, FRITELDT7 7 Faxz—FHNIE N RA 4,
274 R~ X1, 799 7K:3TH5D.

=721, IET AN ATET 7 Faz—HIZL /A
REHONTWD 720, BRI <, MBRE) & M5k
D2 OORIEEREHIETSH. 22T, 4,80 LY K&
WP I Fax—2DhEWEZE, 0 LTFTOT 7 Fax
— A AR & D T LA L o THEE T U 7= 1 ik
DT EFRT 5.

T Faxz—HR2BUTOWME (A7 14 R,
FR) BELTE, KARZ PVOREESwEE2TOT
JFax—F OB 4, \ZEHAT 5.

5. BMET/N\A RDEH

51 YARTLER

32 HiCRIE LT ERIT N A BB AT L HE S AT
L DOHER B 5 1277 7. MR ZE[H D& #E1X Core 17 3.33GHz
CPU, 3G AV W LT A2 v 7 PC TITH. MR

72 (W DWAGHR R I II W RS AR ATRE e B 7 Ao — 2L
— & HMD (Head Mounted Display) T % Canon #
VH-2002 & HV 7z,

HMD 3 XT3 A R DAL EEH R O R IR
NR—2AD 3 WM BEZRBHEERE CTH D Polhemus
LIBERTY ZFH L, (EEOMEICEHE LT 7 ATy
X &, HMD & 731 A fHF bz by — e O
SPALE 2 HEEC IR LTV B, RS AT A IRl et
B LR DEMIRDNE LB Z H BN COREL THL
TEHLTEDN, Ly—REEML, IhE, ERIF A
4%%@%L1w&m#ﬂ%$fﬁ% Bl - [EEsd 5
TRk, MG O E LA o — B S0
5’&%7 ETHD.

ZEM DR - #ERI2IE, HMD IZHE S -4 8,

~JV

Magnetic sensor controller
(POLHEMUS LIBERTY)

Output----»
Input —»

Head, Device
3 Pos. & Ori.

Generating 3D Images &

Managing MR Space PC | i /

Image (VGA)

Receiver
HMD Cantroller
HMD,

ReceiveE

Video data Value for controlling
¥ | (NTsC) BrushDevice

Device controller

nsmi
R5 AT LHERL

Figure 5 System configuration.

DR

Vol.14, No.1, 2012

HFEHHOAAZ2HMATE. EHATHLERREEET
4% v 7 F ¥ B — K (ViewCast Osprey 440) %4 LT PC
~HYiAZ:, HMD OALEZEBICEDE CG 2% E
NOWEBIZEEME L%, 7774y 7—F
(NVIDIA GeForce GTX 480) »>5 HMD O/ H, AHMA®
KT A AT VA ~HNT B L Ta—WIZirT 5.

FT A ZORIENL, 4 B CTHRARZET K,
T34 A /O BOX 4 LT PC 225> U 7 IVil(E
ISER

52 aA—HRET«

REE LT 4 B ORISR A A (AR (R~ O Rl
BERBETIOICHEL TWDENE I D EMERT L0
4402, RIELZERT S R L #0720 HE E]
PRI 2 L WERLT S 2 VT, 4ﬁ¢~
OREE A2 AKBR S8, £7-, 3.1 HiThR~_7z, KiFZED
%?%5%@@«@fﬁLHH@J%iUF&%D@J
DBIRTE TV DD EMERT L, (a) MBI LT
%, (b) EfEEH<, (o) A<, @ =y VEBwn
THET S, L) 4 FEOBRE (B 6) 2B\ T,
Pl iR AR TE QWD D a iR SH 7=, (a) 13 L
fHTEE, (b)) 1X72E V&%, (d) 1T/ LT RS2
WAL LB LA & 22 0 SRR CTE D 0%
BT D7D DEIETH D, ERITEAE (2)~d) ZNEIC
WERE DT 2 £ TiThE .

(c) HhAROHEHE
X6 AR

Figure 6 Operations which express sensations of

(d) = v V% HEE
B ASPEE (C B 5 B E

brush painting clearly

£2 RMET A RTBT D 4 NO2—F ORI
(FHEE TR b MO & 2o 72 7 K& R TR YD)

Table 2  Average of evaluation of four mechanisms from four

users (Gray cells show the highest value in each mechanism)
(@ | ® | @ | @
AR | 400 | 375 | 425 | 475 419
ASAK | 325 | 325 | 3.00 | 3.75 3.31
~NJ)Lk | 425|350 | 350 | 3.25 3.63
75v7 | 450 | 3.75 | 350 | 425 | 4.00

average
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Table 3  Average of evaluation of MAI Painting Brush++

from five users
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