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Amplification of Sensation of Manipulation by Scaled Bilateral Control

Taisuke Sakaki*! and Susumu Tachi*?

This paper proposes the scaled bilateral control system which amplifies the sensation of force, length, and dynamics
in tele-manipulation. The bilateral control should be utilized in the teleoperation where the. physical scales between
the master and slave environments are different. Scaling rules are applied to design the bilateral system with an
extension of the impedance control type bilateral control system. The response of amplified sensation and the contact
stability of the system are discussed. Also, the proposed system is verified with the experiments with a pair of linear

sliders.
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Extended Sensation Display

¢ (Visual, Auditory, Tactile, ...) |

(Head, Eyes, Arms, Body, ...) T

Scaled Motion Servo Control

Fig.1 Concept of scaled bilateral control
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Fig.2 Block diagram of scaled bilateral control

LIz 0RAVS. BIRFEET VT 2.1 ST CHEAL - BEA
YE—F R, DTRRTLICZENFRAAY - AV —T
WCEHRET S, £i2, ZOHERAWVEY—RRIEZ, HIEE
ENHDOTEL, EBOY AT ARG CHATS 0
L5 22T, Guid<v AT DODEEAL Y E—F v XFTF]
Zu(s) DHTFIT~ XY DEBHREET TV ERT. G i3 A
V—7OHEA v E—F v XTI Zs(s) OHATINTA LV —T D
EESREEFAVERT. Ihoid, {4 v E—F 208t
Z¥EHH0T, RAD LD,

Gs=7Z*Gn, GM:ZA}l(S), Gs:ZEI(s) (28)
OBFRSH 5. 2T, ARELIERA2) 20) OREFEE AT
%72, Nu,NsiZF<RF + Av—7 DV —RRDEZEBAT
FITHD. Kop 134V —5 ORIELTH, Z. 3BREOERE
OAFNTHS. Xur, Xor BT AT « AV — T DOEABIESE~
TZINVTHD. X, Xs GRAY <AV —TOFNEXT bLT
BB, Xop ARV —F DIESME~Y Vv, X ZEEOE
HMERZ "WVTH B, Fop 3TV —F DFEELUIBRIESLN
IR, Fo37 —ABBEI L bAIAIRT MV TH 5.
FLF2 1 37RY « Av—T7~E3ZNE®RRZ v vERT. MU
FOTNE 6X6 177, X7 PV 6 RTLRT v NVTH 5.

LS4 77 I VEIEIROMMEL E BEA Y E—F v A %R
DEIWXLTHRET 5.

1) SMEULERETS. 2.1 HicHWLHENSEHGTE, 3E
FHOMPULE R B ITRET 2 LESH L. ZNEEED
ML, A v —F 2L, 2L THOMEEETH S, K
(12) 20) 25, TR TNTHNTIREWDT, 22 iEh
OEBIEL & R & DML ERD, B S4 Z 7 T VEIE O Z&4
e, A VYE—F U ADEMNEERD &0 3.

2) ZEHEA YE—F U RAREBTE. TRAIEAV—=TD
HEA v E—F v XTI E LBt Lz > T
3. 1 2BAV—T7OREA v E—F ¥ RITH] Zs(s) BB
W, IREAYE—F U RAOMBIL Z* LV~ A5 OEZEA >~
Y — 2 AfTF Zu(s) 2. R©22) &V,

ZlMiZZ;kiZlSi, Zer:Z%'Zﬁj (Z.yjzly 2, 3)
BDT,
Zu(s)=Z*Z(s) (29)

JRSJ Vol. 13 No. 3

— 140 —

& =

Ehd. AL T, AP AV—7OHEA Y-SV
AfTHIREL Z L HTE S,

PN A 57 I VEIBRERD & S CEfERETT 5. &
F, BUEN Fop 54 Fe 2EHHIL, RO X 5 BAMEHRET
BoTEYATALANOIER L, F L5 5.

F=Fo—F*F, Fy=F'Fop—F. (30)
2T, BES, A, RAIBLUALY— T~ BRI
FNENE6RTONRY MV ThHB. Kz, ZhsDfERF,
BEBT7T—L20EEA Y E—F R TH S, &7 —LALD
ERETNEHEMEEET 2.

XMr? GM(S)Fl, sr=Gs(s)F2 (3D

T, Bo-HEHPEIZZINEN 6 RTORT bLVTHS.
IMEDOWEERERT LT LDV —Rarba—
IR 5 L.

2.3 B ST S LHEEROIGEE

ZOHEITE, HSA T INEIEREBEALILYAS « &
V7w mEal—F EELT, ARV BRRYEREL
T S OIREMERNTT 5. DT ClEwmEEHEC T30 1
HHEERC THERZED 5.

FARV— I WY RAY R EIMAZA VY — 7 R RECEMS 7
LEDTAYDMNBEDORENEE, N4 77 7 VEIRROGE M
r UCUTHT 5. Fig.2 & v In&ER,

Gop:&: Nf
Fop 2zu+2z*NsZe
kb, $hbb, ZONAITIVEHBBIROBERER, <X
FOEEA Y E—F VR, 4 vE—F Y AOMELLL, BEOE
B, & —RROIEMCEET 2. 22T, Y —FRROG
BT THD E LT Ny, N> 1 T2k,

G A 27, 3)

¥i%. b, FEA Y E—F AR tANELTEREL
Taaw—0ET5E,

(32)

Gor— ' (34)

k5.

DL EDBARRERN S RD I LS5,

1) RAF AV —TF Y=ol —F B@EBLTARY—F 5%
SYERET S LE, VAT EEBRLLREA YE—F X
&, B RBIEL NS E ALY REEER, A v —
B L. fHENA 7 I NEEARICBWT, BX, I8k
VA v E—F YR RS & XAV —T7 ORI YL 2 &
23 ehs, AV—T7OETIREOHFEERTA v E—
¥ AfTH Z. 1%, Fig.3 e &, [REA Y E—F VR
Zy CHIBINTARV—YRZRENE I LR 5.

Zv=7%Z, (35)

2) RALAV—TRERTLREA v E—F > R EFIHHR
BTEXLREINELT 2L, BELLRRYOBRE L EEL
NRU—IPRUDZ Lk ), BMMEERROEGEERDL L
NTEL. ZDEE, TAY LAV —TICEREARERRES >~
E—F v 25R0QYDELBVTATF—L2EHELL LTHIEL,
FOREVHEREME L THATS. 248 T3 L5

Apr., 1995




KBS A 55 5 VRN X 3 I8ERE ORIE 445

Virtual Object with an Amplified Dynamics
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Fig.6 Experimental setup and its control block
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(a) Force amplification case. f*¥=2, [*=1, z*¥=f*/I*=2.7;:
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20[N/{(m/s)], 10[N/m])

Fig.7 Experimental results of scaled bilateral control
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