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Intermediate Representation for 6-DoF Haptic Rendering

Ikumi Susa“! and Shoichi Hasegawa"

2

Abstract — In this paper, we propose a novel intermediate representation to realize multi-rate 6-DoF hap-
tic display system. Our proposed intermediate representation has various features. Use of the intermediate
representation can display haptic feedback without inertial effect of haptic pointer. And polygon models
are available for both haptic pointer and virtual objects without any pretreatment. In order to respond to
6-DoF operation, the intermediate representation consists of a plane and vertices. For haptic rendering, we
have employed Yokoyama’s constraint-based contact response method to display stable torque. Moreover,
we attached a friction cone to each vertex of intermediate representation to calculate Coulomb’s frictional
force. Finally, we investigated effectiveness of the proposed method.

Keywords :

1 [FC®Ic

ANEBRA=F Iz LTS, & T 7 v a T
LHED—DE LT, WA VET I ardibbd.
T A BT T a A NIN—F Y VM FINCIEET 59
DOIGIR, BEE, W SEOWEMREHRE L LTARM
WARZ D Z L ZTAREIC LT, IR A v E T 7 v a T
BREE, A, B, BRx OB CoOIHBEIR S,
R ANATONTWS, L LR D, A v
557 arDFERIRICE L OWRBRERHY, L
FLO LD B COFEMABITES TR V.

BIZIENEA L ZT 7 ar0OffzEn—oL LT,
MY I 2l —Ya I —F y LR L o
AET I varRbd. YEEANCHE > TN—F %
JACFRNEE TS Z L2k, R—=Fy AR THHE
TR AT O WER IR A V2 T 7 v a v LREED
ZENTED. Fio, ANEITEEOATRIZBWT6H
HEOHEZ L, 6 HREONHEZE TS, ZD7z
W, WA VHET 72 a BTSRRI ERIED
FHUIL, 6 HHEDNRIERBLETHS.

A5 L THAWR D S—F ¢ AAEFIZx T2 6 BHE
DHEL L E ) VT DFIECHOWTRET D, KFiE
DRI,

o JIRARA L HZ (=R —F ¥ LR PN T

B2 3 2WK) DERRORHIIZN RS TRR S
RN

O T RRT A LR ey 27 AR

"2 HUR T2 R N8 T FE 0T

“IDepartment of Computational Intelligence and Systems Science,
Interdisciplinary Graduate School of Science and Engineering, Tokyo
Institute of Technology

*2Precision and Intelligence Laboratory, Tokyo Institute of Technol-

ogy

6-dof haptic rendering, force feedback, intermediate representation, multi-rate, friction

o FIALEAR LDMEZEORY INHHATES (12
2L, MIROGEE LM EI S L E)
o U —u L DEEERIERINC HD N BRI MR AT BE
o HEEANHMEIEALA-DDOZILFL— KT 2T
IO FTRE
ThD. METIER, TUINEYT T v T DI
M7RVEES, SHAREZNE LT 3—F ¥ Lt (B
B CEANTHON—FT v L7 U —F v [18]55) Lo
AVET I ar~OIEAPYGETESD. RmL T
F2ECTHRIERV AT ARONRLUZY VT DOF
EIZOWTREEFE A /R 5. 53 =Tt B,
BETEOMEL, F4ETRETFEOFEIZONT
BT S, BISETITREFELFEE LV AT 2D
FHIZOWTREL, BEEIRRD. HIRIZH 6 FThH
AR

2 EEHR

WY I ab—Ya I ANA—F LRI L
THRAVE TV v ar2FBRT 558, IREERO
E A BT D0, N—F v MR OGS 2 BT
LHNTY AT AEROERNBEDLY, IRV Z T
T OFELEDD., RETIINREE RV AT LR
Lo T AR AR T S

21 HWBERRIVRATL

BERDRRGED B NRARTR Y AT LR T 57200
FIENEONZET O TN D,

e NEA VA TI—R, LYY UITDEERRH
Colgate & [6] IZ/IRIBROLEM: & BHFEH D
BfrAE LTRL, EHEMEE< 321328,
LENAR/R ATREZR S DFESS IR < 720, il L
RORERRTEDZEERL WD, £, &



BAN—Fx)LY 7T 4EKHXEE  Vol.17, No.1,2012

TE72 S OIR/ROFEE & LT 1kHz LA EO T
[13] BRETF B TWVD.

e MBI IaL—L a3 DIEEEH[1][16]

K& DY FHAARE OB I K2 fH R &%
ME LT 5. HERMEEZHEET D20, v
Sal—Ya B REICERSEANERDHD.

INOOEMHIEKTHEHDOT, NTUAERY 72
NOMN.ZEEMNERSH L. BIIXTREE RO NE %
FRHTHE, WL I 2L —a L OEHFLEELS TS
VERHY, ¥Ial—iar ]l ATy AETHR
LEEEMIIEL 2D, 2O, BRAFHEEE S
BE T DM N —FT Y VIR ZEE S5 Z LI L
W —J5, EHERA—F v VIR EZERT S L, R
VU H )T OEFEES THORLERD Y, fERI10
EIEE D D.

PLED &5 7B % T T 572012, FNENDOAL
HreRies 2Ly RiZaBIL, 347, RAzsEs~
NFL— RV AT APRES TS, Adachi & [1],
Mark © [14], Hasegawa & [8] IZ/1H L > & U v 7
MBI N —F v LI R O TR R A P IR B (s
BREmpETRINDEMER) L LTEL, ALy
REIOBEICHAT D TYALFL— U AT A%
EHLTW5D. Otaduy 5 [21], Akahane b [2] X1
AU BT 2= AL R—F v VPR EAARD /SRR F %
THASEDLR—=F v Ll v 7V 7 [6] hHiERT
EHEL, ALy RRIOBEICHAT 7 EE2REL
TW5.

22 ABLVHEYUY

AL E—H AP 2T 2 — 2 RAT 58
G, =YL DAININLE RSB L7, 2010,
NRFNT 4 R=ZAD I 2 L—4F [9][23] HHLE D
Bl TN — F AT A LTIV I 2 b—4
WERET AR ZEHE IR E LTHAT2 Z &R
Thsb. LL, HIERN—2DT I 2 L—F [3][10] %
~NTFL— b AT LER D GEIDE, RN IIORE
OO KN EHERE LTHAT 22 & 1T
FLL AW, wALFL— R RATAIBITANEL Y
ZY T OIFEIRELS 2@ ITHFHTE .

HERA > HERA>S
i A } ‘
o BR[| B8 o e
Vi N
ZO%+=, God Object A

GRAAT2EY (CAIBEENRE) EHFS=2L—>32(CKDT

RIBEBNSRE)
(a) BAN—RDF5E (b)>ZaL—>3>NR-RDFE
K1 ARV Y 705G
Fig.1 Classification of haptic rendering
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Fig.3 Intermediate representation for
6-DoF haptic rendering
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