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A Method for Representing the Shape of a Virtual Object in Real Time

Hiroshi Hoshino*, Ryokichi Hirata*, Taro Maeda* and Susumu Tachi*

We have proposed a system which enables an operator to feel himself/herself touching an arbitrary surface with
edges in virtual environment. This system represents the shape of an object in virtual environment by locally con-
structing its shape around his/her finger tip with Shape Approximation Device(SAD), of which each surface has
convex and concave edges.

In this paper we propose a shape model of an object in virtual environment for this local construction of its shape
and an algorythm of shape representation based on this model. We design the shape model so that it is possible to
construct the represented shape including curved surfaces and curved edges in real time. In this model an object in
virtual environment is divided into quadrangles called patches, and the shape on each patch is described using Bézier
surface, which is suitable to describe a complicated shape. We realized a hardware system which could represent a
shape which included curved surfaces and curved edges in real time.

Key Words: Shape Representation, Real Time, Virtual Object, Curved Edge, Bézier Surface

1. & U ®

[l

AIBERICBVT, BEZFHERENORBOD &S
Blo B LRIGNE LY, BRERRTAI LG,
FRBENERREZEH0L ) 2 TEETH 5.

BT, RERENCRIEMEET 25, EMETRELT
fIBRDT S, LW LI, FHEREL 0BRSS /EEIC
BwWTl, BEBCHEOAL ST, ME, HICBRPRRT
AUEND 5.

RYAF AR, KEMEERZEL L) RERICBVT, WO
EERLHEOME - AL Vo LBREFRRT A2 LT, LD
BREBDLZEEFHNETAVATATHS.

ERIEREEN L TAVATLADRNPTY, HEROFREICS
WCHRENTELYAT AR, BEEAL2OBTHESR
T 2ER (77T 2x—%) EFWMOMNT, BfeB0ESH %R
B Loo, RERBENOWELEMIIG D CRET S EIE
L, BB W77 2 Farn—y 2 BwT e RESE
B ETRERCHEZRRL, BERELUTBRERRLEIOE
W, WHhIEHRREDO VAT ATH-72[1][2]. #0780
(1) BB, BELET T2 — 304+ 37 A0EE

TEIZTLOT, KEBRENTHRLERL TWiWE

Rzt 19965 H 27 H
R AERZRETE R
*Faculity of Engineering, the University of Tokyo

JRSJ Vol. 15 No.6

— 58—

HEH ORI T EEP R IR TLE D,

(2) IRAEBRIBN TR L SRR L 2B, ST 7 Faz—
¥ ORI AR BLEND BOT, HOEIETEETER
AN, BEOLHHLTCHEP R WIEROBIROERIRE
HTH5D.

(3) BRTEE 7 EOMA AU R LZFBIRIIV/TRTE LW

LV RERH ol TRICHLEZLIE, BEEICTZF =
I-¥5WOATT, CRICHERESETRRERTT S0
Tk, AP REEBEML VR L EIIEELZ 0T
ELTIRE, BREOREOATHLNS, BE0Thbho
TEIR & e OEBC D U TEYERE AW TR L, #EE0
EHISLCHIET S 22T, BIRRRELTD ], LW HE
RIEL, EELBELTEORYSELHE L [3]~5).

COFEORE, BIEEL, T/ Fan—F 2B RT 50
ERRnOT, EREOBREEOEHEWRLTLE) v
REFBEENSE, T, ZOFETE, EHETHAVTEIR
ERE LT 00, BAERIMRIEERSE L S U BRI 28
I 2 I 2 ALENE L, Lidio TREREOE oS
SYEZUHHEENS.

McNeely & b, FREOFEBICETS {BIRRY AT L BRE
LAS[6][7], —MBLBRE E0 LI I L TRRT AN
WTRERLTESY, IHEBRCHERELEVATARBANT
BRLTWABERD, BEDODIKBESRTLE>TWAS[T].

Tz, FHSHE, iRk EBOEBICETWORIRER Y A

Sept., 1997



AR BV B IR O R PR 869

FLEREL, HEOBIRORRIZEII LT 55 (8]~[11],
BEETH2HRORITRI LT,

RIS LTERY AT AL, HEEBIHAED & o LBIR
RIRROTEETSH Y [3][5], =5 IIEBBEN WK ER %
T2 22 bWEETHS 4] [5). LrL, WHX[5) TR, 2
CRTREBREHGERHRE Vo BEEOBRICRELTSED,
—RE LR E EO L IRRT 20T AERIIREINT
Wi o fz, RERICTHE, BEE BBRFERICHEASD S 57
BRERBTLIDIELZEFIVE ZOETTFTVIZETIERT
VT AN ERETS.

2. JRATLOEFEBEBRE

2.1 KYAFLDEE

KYATAORER, LTO@EYTH5D 5. FTRIEEZINR
MBBENOYERLIBE— S TEM L TWa L L2) 2T, BE
FHIZOE 2200, MEBTETAEWRERAELTEBL.
7 L THREZOREONBIIE DT, TOEWKROMNE & L2
ZROE D IZHIET B,

(a) BEEPREYHEOTEE M- TVa L & L EYEKROTH
BRSEBWT, #RIT_EEHOBFRE 25 X ) 12fE -
LHREHHT 2 (Fig. 1(a)). )

(b) BB PRI EOB E > TV5 & & EPEDOHSS,
BRI BWT, BRTREBOEHRE LB L) IME -
LBERHT S (Fig. 1(b)).

ZRIZkoT, HE, MBSFRERRRTETH S,

RKIZ, WICH L TEROBERRT 2R TH L0, Zhid
Fig.2(a), (b) D& 512, EWEERRL TWHEANTIELE -
RER SR A &L, RPWEORREICH LT, ko
PREEOME, KBUIBBETXL0T, BRTRTHAE. T,

(a) Surface representation (b) Edge representation
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Fig.2 Motion for representing surface and edge
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Fig.4 Conceptual diagram of the proposed system

199749 B



870 2 B ®OOF W % ¥ OB OH K B i
Head Position and Orlentation
@ Generator
Finger Tip Position
Force and Tormue \

Virual Envi @ H:pﬁcSp‘g. Impedance Control

Manager
@ information of an object being touched ////'

Passive Master Am
@ Information of moving objects Active Errvironment Dieptay
Shape Approximation Device

Fig.5 Block diagram of virtual visual and haptic space representation system
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Fig.6 Flowchart of the proposed algorithm
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Fig.9 Projection of the patch
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Fig.10 Coordinate for rerepsenting a virtual surface
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Fig. 11 Coordinate for rerepsenting a virtual edge
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Fig.12 Coordinate of the surface of SAD

Fig. 13 Coordinate of the edge of SAD
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Fig.14 Active Environment Display (AED)
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Fig. 15 Passive Master Arm

Fig.16 Shape Approximation Device (SAD)
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Fig.17 General view of the proposed system Fig.18 Virtual environment

Fig.19 Controlled movement of SAD to represent the edged surface
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Table 1 Experimental result of force vs. displacement

| Force [gf] | Displacement [mm] | Standard deviation [mm]
500 1.57 0.02
1,000 2.59 0.04
1,500 3.57 0.05
2,000 4.65 0.02
2,500 5.62 0.06
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Fig. 20 Measured stiffness of a virtual surface

Table 2 Result of linear regression

b [mm]
0.552

a [mm /gf]
0.00203

Regression coeffcient
0.9998

NTVWARBEBREOWBETH Y, Fig. 191, Tt SAD #H
WTBRERL TS —EDORREZRLIZbDTH 5,
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THEY, 2BV THELHY, 3~6 TREOLHOER o T
Wi, FLT, TRBWTHUEXMD, 8, 9 TE/HEOTM
OEZf->TWa. 28, Fig. 19 70O@EE LoRBiE, Pig. 18
HOBIKICH T H—EDONRy FRR LI DTH 5.

B, TOBRTABO Sy FRLBREINTBY, &%
FHKE E1T 50 [mm] x50 [mm] BETH 5.
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Fig. A The situation of representing a virtual edge incoorrectly
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