FIT2010 (56 9 EIBEHRMZFRIT T+ —5 L)

J-058

EERAEDOERRICHE ) BRACLDNE T4 —FRy 7

Force Feedback by Friction with Rotation of Solid of Revolution

IR EET
Yoshiaki Kitamura

1. IXCHIC

BHRABENRCa VY a— 2 ONBEEHOM EIZHEN,
RECHEL T TR, ARV AVTaVyYa—FED
AVETIaVRTEBRIIRXRHS>TETNS. ZD
R E2— b ARCEBELDZLDDT A 2%
NTT LI AV ET2—A[NJEWVD. IREEIX, £H
2TV L ZADEREREDESBREICHEY L, Aok
HOMBLEEBIRE, BIIr» 3B EERNT DR
HTHBE. NTTF A0V E 72— ERVEHER
ERSE, TESHF, EWo%T, 72— AV IIHH
e Ekx R BHE~OIERABHF/FEIN TS,

HWBERSFBORFE TR, BEONTT v 740 F
Tx2—ARY 7 N TREBTH I EAELVBRMS SR
EBRTBHEDOHERIC, NTST A4 v IAF T —R
FROTA—F 2N ITIT 40V Ialb—Yal, 1
Ry FOERBERERZLV I TAMCTHZOOHE
B, NEBBELLKERIVIEDICFRICHENRT
ZEMETHEDOWEURERTLALTNS.

AR TIE, FEEEEOEE, P THLHEPFOETHD
LTt 2 EEEE Y OEEICER L. EHiE
EoREREE Y OREIIAEEFICLEZEIRLNS.
UL, ZoOREEOERREEY OEERIE, T4 X7V
AREEBLTIVE2—FTTFT7 47 AZL>Ta—
PFIBRLED T2 LEEGERBELTWAE2bMID
BRNEWSRENAET S, ZhixbliEGEErEHTH5E
BiEbbAA, EENHHBE THEEBENEE CEER
LTWAREGIZAELS. ZhaBikdsizdica—FI
HEWCED 74—y 7 %525, Zhizcky, EiE
FOEEGFICEBHIICHN S Z LIZ X o TRIEFR~O
Jinmby, BEOFESCRELRLDIZLNTES.
INEEBRTHILCE>T, BZHITHREOIEAR
BLFEIWENRDEEBEZOND. T, WET 44—y
I EROEEBHNEECE— 7~ CoRERZEBMIC
R CEZSNVE Tz — AR E~DOEARHETES.

BHAE: TR, HEA0EE#EE LY ORERICEY IR
TA— RNy 7 OERBRERALTERLBL LL, ZO%
TR T, EBRCLCOBREY TARKRAERLEES
TERTEAONERARD LWV FHEERIZLY, KU
FOMAZZIKH T T, HEEISEE L& OREREECEER
POREEERICEM L LEORNDEEET S L0 ) il
Bz EEoTWnd. £, RNDERDEIREERE
BT, BEGEEREOANDOREIZRELTWNWS LY,
BEORGAEOEEEE DL Y ORGOEEH E B> TH
BDROBHoTe. TODFMEROHERE ML, E
L TWAZEREBBTETCLREACEMERD D, &
WHIBRb DT,

2T, SEEEEGEEECEEROREEND DR
OHEBEFELZDBENCEBEECERTAIIEEL, £V
VI NVERRADEREBET.

T A E R F R FBE AR B A E R

593

=&t
Takeshi Yoshikawa

Frh FE&T
Hidetoshi Nonaka

E1 PHANTOM

AL TIE, HEA L FTx—RA L LT SensAble (D
PHANTOM[6] (K1) , £/-7 07/ J AOBBIZRMNEB
@ OpenHaptics Toolkit [7]1Z # A L T\ 5. PHANTOM T
&, REATRLEVIRVROBHERNTRE L DA
VEZ I varEITH.

2.REFE

ABE TN, EiEOREGREHEY OREENRIZLD
T4—F Ry 72 XoTRATS. ZoOEER, 7,
RAEA G R Lo THEEFEERIE, BlEFOERE
WCHMN2ZZ X TRITARANEERL, BEEEE
EXEREVWI TN TIThbRD. FEMIZO>WT, ATD
HTHBATS. F72, BTV BEEN I EEIEE
BPICE > T, BEAREIEYBEVVRELEBY D
DZRENEETIZLEBRTS. 22Tk, Hiskd
BRI & 2 BESCERBRBIZ I Z2WERELT, =—
FREGEICEM LRV EETER LTI O L
T5.

2.1 BExADEER

B BRENCRECEREKYER ST A54, @EiREiT
REALTADEE B L THETS (K2) . 2FA
T AVREEGEL BN TLRELE h, RZ AT ANERE
POENDEMORRE 1, TOBICEELE-AEL 0
LBk, RAFATABEENTEZOBERE o@)XL
FToRizk-TEZLBNS.

o(t,)=

1)
L=t
BORHIRECEHEGEEL BRI S 554, BisEx
REALTRALEBEREREOMICRETIEENEZZITC
Bl#sd 5. BEGREICHT2BEBIIIR IS T AL
R RAL, TOXKE SPIBEEFREL v, BER
A NERWT,

F=u'N )
ERTZENTE S, ZOB, |BERSH NIX, A¥A4F
AEEERAIZR L2 h%, EA» LEEREO SO

(% 3 43D



FIT2010 (55 9 BIFHRRBMZERMTI+—35 L)

I

BrZlit,
2

Frxlt,
BYDGBWRETHOEE

~DFAZHELELOTHD. RF 452 THEEKE
EEREETWARBOH DML 112, TOBEAHIZL-T
BT 2 EEREORGEE o)L, BEREOIEMEE— X
&I BEEREOEERE r, BEORFOETH L,

rF(t)

wo(t):'T 3)
Lhed. Tz, THECHEEREE L TWEEES, B
RO ElERE D [E] Eﬁﬁmgﬁﬁ:;of%ébt@%ﬁ
ErXrM2320LERIHD. LoT, HhArEESELEEZA
ty HIZBWT, ZRETO @%EE ww LD H D
MICHEIMNT 2 EEERE S ot T5 L, BREGHEE of)
BUTFTRLICRB.
olt)=o(t)+o,(t)(t,—1,) @)

2.2 [ER{AN B DR ADER

BY BEORETEER LTV ESEERICERM L8RS,
RE A T AEERIZER LR B CEEA ORI B
ELTE»END (K3) . H2EEELUEA 6, 112
II\T; @%W@¥ﬁ% v, @ﬁiﬁg% Cl)(to), to7b)6 tlﬂ)ﬁaﬁ
WCEERTAAEEZ 0L T2 L, (006 nOBIIBBIS Y
RITIIER DIV Z A T ADIEME d(1o)id,

d(t,)=0r =w(t,)-(t,—t,)r 5)
Lie%. ZbiT, AXATRADHEER M, A t,ETD
RBATADEEE vtk TDE, 6005t DREICA
AT AR di) T BB SR DD FE)ILLTD
RizX-TRDENRSB.

2(d(ty)—v(t,)(t,—1,)) ®
(t1_to)2
B0 MRHDRETHEL TV EEEICEM LTSS,
RAE AT AIEEREDSBBENEZZT, Z s LD
RANERETD. HIEA 1ITBWT, BEEGREL u,
REATRAEEERBICH LT AR EERHN NOET
D&, REATAVEEENLZITHEEN FOIZUT
DRIZL->TRODLNB.
F(t)=u'N(t) ©)
2.3 MERADEL

BYOPEORETEEFEZFEILESE L L LESES,
EBIEREDOEERIZIR 2 4 7 A DB X ITBRET B2, BIE
(hall| 9=

BOPHLLREBTREGEREZFIESELD L LEER,

F(t,)=M

594

3 BYOEWRETORN

EERE DO BRI HBEE NI L > CHELERIZIEE S,
BlE A EER I3 5E L RRIC, bDERELEZER
fy HIZBWT, EEREOEMEE—X 2 42 1, BEED
EE r, BEBREY », BEHSO®ENG), FRALET

DOEEZEEZ w(t), L0 HhORICHA S % REREE %
oty THE, EEEEE o) XU TOL T2 5.
F(t))=p'N(t,) ®)
r F(t
w,(t,)= 1( o) ©)

a)(tl)=a)(t0)—
24 BYDHEDOHE

INET, BEEOEE %, BYOFECL > TKH
LT&7z., ZOWRYDOERIL, RAXATRALEEHEED
MICRAET HEBRER, FILEBI@ERENICK > TRE]
TAHZEELE. ZRIE, REATFREEEEDREE
FHBT A LI >THETS. 200BFEOEN
BR#HILBEACLZAEE LV /DS WVIEA TR
EL, REVWEAIIBIER LT3,

3. BHYIC

AR TE, EREOESREE Y ORI HZ T 5 B
BHCEDNET7 4 — Ry s #mBEBIICHEST 2 FE
FRELE.

S, FFERXOMMARE, ERICK DM, KFEr
FIRALET UV r—a v OB EE2iTo T E T,

SE X

[IIBEER NTT 4 v 74057 2—2"  5HE & &4, Vol. 38,
No. 6, pp. 391-396, 1999.

RIEIFEE, KR, REBENRA L E T 7 a Db
BOEHET L | BT HEEIES2%EE D, Vol. 190 - D, No.
9, pp. 2615 — 2623, 2007.

BU O#IL, o Ok, BTl S B — IR L=
DIHD 6 BEERIERET V", Medical Imaging Technology,
Vol. 24, No. 4, pp. 277 — 284, 2006,

[MRFFEE, & BRS, RBAE, /) EEE HRIEBRERS V¥
Tx—R" b a— U, VE T 2 — AELERREE, 10(3),
pp. 15— 18, 2008.

SIS, FhHR, H)IR - BEELSDOHART 4 — Ny Y
AT, BF « FRERESIEE RS KL, 2009.

[6]Massie, Thomas H, and J. K. Salisbury. “The PHANTOM  Haptic
Interface: A Device for Probing Virtual Objects”, Proceedings of the
ASME Winter Annual ~Meeting, Symposium on Haptic Interfaces for
Virtual  Environment and Teleoperator Systems, 1994.

[71SensAble. “OpenHaptics Toolkit”. http://www.sensable.com/products-
openhaptics-toolkit.htm

w, (t,)-(t,—1,) (10)

(% 3 5



