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

Susumu TACHI Taisuke SAKAKI

This research is concerned with master slave manipulation. A new master slave system in tele-

existence mode, i.e., impedance controlled master slave system, is presented. Irﬁpedan’ce control of
the manipulators is applied to this system. The system regulates the impedances of the master and
the slave so that they coincide, and it generates the impedance models of the environment. 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 L) 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.

. June, 1990



& b
Caution
§ Fe External Force / . Motion of
= Master Arm
by Impedance Controlled Object
s Fo
Master Manipulator Model v
/ n
I Time Delay
; HE. i Motion of
ei External Force H f Slave Arm
Model =~
Slave Manipulator Object Vs
Vm >
~ 7™ Inmpedance Model ' Model
/ Model
H : ! + ¢
Fe ! External Force : _ Error
i Monitor
Impedance Controlled ‘LS_ '
Yo Object >
™ Slave Manipulator Motion of
Target Motion T Stop Slave Arm

of Slave Arm

Fig.4 Impedance Controlled MSS for the

System with Time Delay

7 v OBREITATHS.
F=2Va b= DOHES v - FY R Z(S) %,
Z(s)=Mas+Ba+(1[s)Ky (32)
3B, ==t o v—2ORMNT EOERHFERITK
DI D.
Fo=My(X—X)+By(X —X o)+ Ka(X—Xy)
@
T [ Xy X i ~=tal— 5 0EEEHT
BB, TI2Faxz—2DHTT A 2 BUTOL 5 BE
ThE, G RDOPFES v — SV ARERTHZ L
TEBY. (HL X=L(6))
To=I—JTMg])F+(Dy—JTMa] —JTByJ )6
FIT M X+ B X+ Ko(Xo—L(O)}  (34)
9, WNBYRRMOMMELFH O DBE, THEE -
IEEYRELTHE, <=t ab— 2 M REEES X,
Extgy L oRmoEks X oMod 55 X, THIE
T5. OB, BhT kv L —23REMTHD
RECKH VKORS Fo 252 5.
Fp=Kq(Xo—X,) (35)
¥, T=Wab—2hbhirbhicl] Fy i+ 5%
S OEIFIL, .
Fu=Kyp j(Xe—X5)

(36)
(35), (36) X h3RDDRIBRY DHPEREL Kopy LD
LowRDENS. :
Kopj=Ka(Xo— X (X,— X)™ 30

WL, ==¥8a b= 23R LTV 3B0%E
Er—EdThbbiEERE LTS, A Funicifds

BRrRy PERFERL3F

7

W o m 247
= VLl OEEOEEY X, L35 &,
Frn=DyX,~X)+Ki(X,—X) (38

Tz, T2 VL V= 2nbEL bhicH Fr cf L, %
S OB OEE Xo bt 5T B ETH &
Fp=Dopy(Xo—X )+ Kop (X, —X,) (39
@ND~BY L b, RD DS DRI Bobi 12k
DXsERDLISD.
Dopy=Dg(Xy~X)(X,—X )™ "(40)
Pl EoFiE ERBOFEEZ B CTHEY O EE My
BRDDZENTED. LOBEOIELFIRT.
Moy j=Ma(Xo— X)(X,— XD (41)
KE, I THNEWOBEHELFD AT 2 — 22k
LOEDD EDRDIZN, == o b— XA BYris
BRI TCLOREDAT » FRERERNET S 2 LT
LD, &2EOST 2 —xEHAKBCRDLZ L TETDH
5. RBAEZERCT 5251, B - CItHE
M~ T BRI DR E R B T 5P,
3.3 BRERBETILOMERK
LETIAV—- T VAT ADIEEREEFLRL LI

AU AT ADRMEREE T AR B F R

5. ,

Y, BEEFLCRT L v E— Ay 2B RO L5
CERTS. —CREL 3RTEME Lv= o v
XOBFRBELR6 L T5 &, BIEE T 0L EEECT
LERTLDA Y E—FV ARy A %#E 2 52 LA TE
5.

Z(X)£[2p1 Zpa Rps 2y Zrs Zpg ]t (42)
TERBE L PR S EER DA 5 — 1, B8

DFLE R CEEBER DT T C—fBIC Bl » T\ 3.
oT, FE¥=2E o V—FHRELVWEES vE—-F v 2
(7 b, UTEEEPECIEDK - & 21151 ©
W TBER R Bemciy, BicsEEREC 1581 o
RIEE OV, JETHEED S v e —F v ARE L F
LR

T TCROBGR I 2EHT 5. B Iy, s
T TN DEEED b BRIFERIE £ T OEEEAO—KIHR T
5. FB T3, KOSODBRENSRE. FThbb-
BEEER O R sk —FH X2 B #1F TRNS(.), EEoihA
TS EHEFEROT(C), EEEHL Ay -1 {83
#fE SCL() Th5B.

I"(-)=SCL(ROT(TRNS(-))) (43)
CDEEFEREET TN LBEREE A B—8T 2
P RLL™R, HEYO v FSA TV ARHEL~R A

ORI —~ FCHHT D1 55 5 A EHEERIREL T

B0, FRCT A K LAV — T ORICGRD DU EHD

B HFETH G AETS L 213, S~ O
BERBETSEZ LPHREL TN 5,

1990 2 6



248

‘ &
TEEROLDCERTS. Tibb, ERREETA
DEERE Xy BT B4 v €= K v A%k Zyy HEE X 1w
T B ERFEREE = A OBEE Xy BB v -4V
Ak Zy LTBE,

Zi(X)=Zy(Xo)

(44)
L, 4 .
Xo=I"(Xy) . (45)
THAB. :
Mo, BHEFA L BERLB AL T L
— R DM Vi B A V=7 AT ANEETIUE, AL
—TVREa V- REEETHEE) Vs K LY AR
CLELWEHES vE—- XV ARB S CEfET AT LIt
B BELTBER Vs RO L S RDBND.
Va2 (Xn) & (Xn) X (48)
L3nE, '
Ve=I"1(Vy)
az d . T
=[S (X)) 4 T X (Xo) |
; S n
BEEFLEE, AT LEoravvar—2E71 L
B EoffEREE7L LA L0 THS.
5T, TOEFLRREENDLS L DX, [HBEED
Ftw=tab—xeFr +HBE] L5 X5 AT
bRhBOTIRES, [BIFEOFIH v = Car—%'%
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A. EONAFTTINROEH
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~ 2 2 OEBHER & HER ;
Fo=MyXp+BoX n+F1 (A-D
F1=K;(F.—Fo) (A-2)
AV—7 OBEHEREHIER, RO G 0EEHE
. , '
F2=M, X+ B X s+ K Xs+F, (A-3)
F2=Ky(Xp—X)+Kp(Xm—Xs) (A-4)
F,=MX;+BX+KéX; (A-5)
L35, (BL, Kp Ky, Kp 3FhERT, EE, (E
D74 —F Ry 254 VTHD. <A ZTED R,
Fo=(14+K) 1(MyX +B,X) .
++K)"KfF, (A-6)
Lich, tow Ky ikEhE Fo=F, L7x55, &
L Ky Ko B hELTHE LICORB) v AT ADR
BEEE S,
2) IR E O
<A OBEEHER
FonoXm‘{’BoXm‘*fFe (A=)
A V=7 OEBIEA L FHK, RONSRYOEH TR
F2=MX;+BX;+K;Xs+F, (A-8)
F2=K,(Xp—X)+Kp(Xp—X5) (A-9)

Fe=MZX;+BX + K6 X, (A-10)
LT, < AXCED R,
Fo=(MoX+BoX) +F, (A-1D

LD, BRICAV-TDLL 3 7 ARPETES
N, TAZXDEALF I 7 ANRKINCI D 0 EETE
{7t%. ‘
3) NHEOKH
~ A x OEBHER L HER
Fo=MXpm+BoXp+F1 (A-12)
F1=Ky(Xp—X)+Kp(Xpn—X5) (A-13)
Av— 7 OEBHERL, HERR NSO BT HE
=
F2=MX;+BXs+F, (A-14)
F2=Ky(Xp—Xs)+Kp(Xn—Xs) (A-15)
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F,=MZX+BX +K6X, (A-16)
LA (AL, BEORHIAREAV—-TITE LN

AFIT2RET 4 = PRy 7 FA VEROLTH. <A

FED I,
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A RRIEBEICIE A X £ A V7 D 4 DEBC
SPTBE A F 37 A D S LB,

B. BEEOBBHEEHIEIRY - AL—T - LR
FLOHEERE

BIEEOBE A RO X 5 CIET 5.
Fop—F0=MopXm+BopXm+KopXm (B-1)
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(B-3) 1% (8) LATATH Y v AT 2 LMBITEIEED
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