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Impedance Controlled Master Slave Manipulation System
Part I: Basic Concept and Application to the System with
Time Delay

Susumu TACHI

This research is concerned with master slave manipulation.

existence mode, i.e., impedance controlled master slave system, is presented.

the manipulators is applied to this system.

the slave so that they coincide, and it generates the impedance models of the environment.

Taisuke SAKAKI

A new master slave system in tele-

Impedance control of

The system regulates the impedances of the master and

Four

basic control methods are proposed as the extension of conventional bilateral systems and it is shown

that most of them can be transformed to each other by calculating force information even with less

force information.

They are also applied to the system with time delay.

These ' methods are

verified in the éxperiments with a two degrees of freedom direct drive manipulator.
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Fig. 3 Hardware Concept of Impedance Controlled MSS
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Table 1 Classification of Impedance Controlled

MSS
Methods
D-F|M—-F|F-M|D—-M
Information
Forces (Both Sides) [ ] A A X
Force and Motion A o (] A
Motions (Both Sides) X A A [}

Notes : @---Can be realized without transformation
’ of the control equation.
A--Can be realized by transforming the
control equation.
x---Cannot be realized.
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ThAH. ‘
T, BEETAVEFI®LE AL =LV
— ROWEE) Vi A L= T v AT ANEETIUE, AL
—T7 = V-2 R HEETHER Vs KA LY A K
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APPENDIX .

A. TERONAFTITLROEH
1 NREROEE
< 2 2 OEBHER L HER ;
Fo=MyX 4+ BoX y + F1 (A-D)
F1=K(F,—Fy) (A-2)
AV —7OBEHER LHER, RONSEYOEEHHE
2o \ '
F2=MsXs+BsXs+KsXs+Fe (A-3)
F2=Ky(Xp—X)+Kp(Xn—Xs) (A-4)
F,=MX;+BX+K6X; (A-5)
L5, HL, Kp Ky Kp 3R ERS, HE, FF
D74 — ¥Ry 254V THD. ~AXTED KL,
Fo=(1+K) (MyX +ByX) A
+(+EK ™K F, (A-6)
Lieh, T K skEFhE Fo=F, Ligs, &
L Kp Ky R ETH T LDk v AT A0S
BEEE S,
2) iAo
= A Z OEBHER
FonoXm‘{’BoXm‘*fFe (A-D
AV — 7 OEBEA L FHER, RONEYOETHTE
i—‘ ; .
F2=MX;+B;X;+K; X;+F, (A-8)
F2=K,(Xpn—X)+EKy(Xpn—X;) (A-9)

F,=MZX;+BX +KiX, (A-10)
5. < RRIGELRIE,
Fo=(MX+ByX) +F, (A-1D

E7h, ERACAV-TOXL 71 7 AREETES
W, TAZDEAF I 7 ARRINCINI D FIOIRETE
{72%. .
3) XHADOHEE ,
~ A & OEEHER & HER
Fo=MXn+BXp+F1 (A-12)
F1=Ko(Xn—X)+Kp(Xn—Xs) (A-13)
AV —7OEBGHEX L, HEHINROHRYOEEHE
=
F2=MX;+BX+F, (A-14)
F2=K,(Xp—X)+Kp(Xpn—Xs) (A-15)
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F,=MZX,+BX;+Ké X, . (A-16)
Y35, (AL, fiEDTEBTAREA V- FIRELNA
AFITARET 4 —=F R0 254 VvEFOLETE. =&
FEEB I,
Fo={My(Xn+X)+Bo(Xm+X)}+F. (A-17)
~ A RGEBEICIE~ A X £ A V— 7 D 4 DEBC
WTBEAF 37 A MbB T Lbh5.
B. BEEOBEUEARHLEIRY - AL—T LR
FLOHER
BUEEDOBMEELRD X 5 CRET 5.
Fop—FonopXm‘l‘BopXm'*'KopXm (B-1)
Z T, Fop BHREDHT, Mop, Bop, Kop 1345 21
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Fop=(Mop~+-My+ MYX+(Byp+ B+ BX
+(Kop+ Ko +K)X (B-2)

" Myé+ By +Koe=0 (B-3) -
(B 1L (8) LALATH I Y AT s LT EEIEED
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