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Impedance .Controlled Master Slave Manipulation System -
Part II : Modification of Force Sensation and Extension
of Operation Capability

Taisuke SAKAKI Susumu TACHI

This research is concerned with master slave manipulation. A new master slave system in tele-
existence mode, i.e., the basic part of impedance controlled master slave system, has been presented
in the part I. In the part II, the system is expanded so that it controls both impedance models of
the environment and the manipulators, and modifies the force sensation of the master and slave:
maniﬁulators as if an operator were in the different physical environment, and the impedances of the
master and slave mampulators are determined by using similarity transformation in physical modelling
when the mampu]ators have different scales, force andf/or velocity conditions. These methods are

verified in the experiments with the two degrees of freedom direct drive manipulator.

Key Words : Impedance Control, Master Slave Manipulation, Tele-Existence, Similarity Transforma-

tion, Physical Modelling, Telerobotics

1. & L & (=

RN kAT AR E B TR Ay b

DIEELTW BB 500 L 5 I BT BB i f
TR Ay FEERRET DR Wb BT LA 7Y
AR v AN DHREEDTD. ZOT VI SRR Y
ABMDS b, EECHE Licr £y FO7 - ABES
DPECTg o 7eh D X 5 I A F - TEFR RIS &
o IR E R BESRE O B ER ORI OWT, Fx
EvAZ « AL—7FRICERLTE . i

RRO<AR « AL — AL, EPRE -
B DRBESD DM WFROFECHCTLT — 4

RS2 1989 £ 6 A 12 H
* CBR) Z) PR BT
IR IERT

BRe Ry 1 EAFH&H3F

 DREOBEEIIEEI R TV,

= DEpEE

VAT AR

RNT,
MEHETsZ R AE AL —F -

CThB T LBEEIA, BEYDL Y E X v ARG,

WH - NEDY oA = FABRHEE, T -8
¢%W@%JDwmgm5m@ AL v E— K v AT,
%ﬂ:l‘og)%’ B. Hannaford!™ o= 7/ 3BHiR, 7t K2R
BINTB
LmL;_hif&%éhf%tiﬁu,%v Ea
v— ﬂ@%%@@%é%@%bfkb@%ﬁ@%&ﬁﬁ
ﬁkftfﬁﬁé%%ﬁﬁﬁﬂb CEfe, WETRENEE
BRI L CHRIEME & 1511 3 3 5 o\ Tl
HBERTWER. 5 UA ZORF VAT, BIEEDR
ol OEERED 5 VI EENFICIE Ule 2k
Win sy AT AERADETHD, FX=Ea—FDF)
B R EEHE L CEROBSEARETELTH T &

1990 4 6 A



254 i ES

PREELD. IHIE, ThETREIR QWY AT
AL, wAZ AV—THOBRECEL DERENEL
THDHERBER TR Y, RO 27 2%t
088 L. BB Y AT 2 2B 58805,

TR AV —THOBEERP LEERETES .

R BT OB — L FEE TR T 5 2 L8 EB & 7
3. DEORMBERER, HaixBhea ve—x v
HEI~AZ « AV =7« VAT ABBEEL TS
DA VvE— RV AHBEI AR LA L —T DT —
LADFROBEM LT L T52 L8 L
OB R RIPT A CVEE TN E 35 ERE
YOBRE R IZITEBER URADIEELTS o LT
5. UL, ZOFETETORRIPEEE ORI K
UCHERR L fFERED D & LN TE B LTS 2700
1K, TUA AR VATIRA VY — 7 OB
BEPE R Z ORI T S FEIC X - TILigfES
DERELB WIS CHiBIT5Z LN EETHS. flaiE
K G DIE PR BR CIRIEZE DY 2 b b3 X
5B E, RATLEFDI vE—F v AREL B LD
CHEE A Z EEE L. 8- By, v e
—AVATERELTREL T —2%bhbeil veE—%
vARHETAFEERELCWSESR, S0k RhE
X DBERE R FEE LE« DR EY 52 5~
VAT A DHEERRD BILT LA,
B2, FVASCAX VAT, ERDOIIICHE
CR UK, RUEE, RIUCAHIL&EDO~AZ « AV
=77 = 2B ACTHEY R BRIET A ERET T L,

AR e AL—TF -

# =3

TR RPIRE 5 B XA TG & v - B 4 p 2
hABRECOESROBED FERABE CH 5. $iHt
BN~ A & DEIEME L A L — 7 OFER Y ERE LA

BED~AZ « ALV —FHBELCW3, HEHEE

RABETHET S ~AF - AV — 72w Tidfh T

Wk BEYR A s R = Ea L X OBREDL D

RS AR TI&G DRI HET — 2 ORBEA v E€—
Ky AT T B E— N ThHDZ LEFL, -
WV I3RE « DRSO RS 2 fed e PR AT &t
MEEDBTAR « AV—F « VAT AR VE—FX VA
ETACCRHB TS T EOFREEENTHS. Lal,
INBLDOFHEFRA VE—EVAETAERAGWEZ LDOF
MEERR LTI DE, YAX s AL —7 « YAFAD
AT FRE OV TIBE L UL,

RISV, BERRELTVAA v ¥ — £ v A HIfH -
AR e AV =T « VAT NEIRR UL ORISR Rk
THFEE LT, EE UBERC L 5 EHRRE 0%y
BEMED T BERMIGT 5 BB OHEOFH o
WTRET . _ \

DFo&zEciy, 28T v — 8 v AHIHE oA
AT ARBRBCHEETS. ¥, BEROTTER O
TROEMEEGCRWBEROWTOMBEREEE L,
A ve— v AHHT =A% « Av—TREETHT &
THECE B LeTT. HIBTRIREShi v =T

B 2 RAT = KEAV—T T — AMFAER - AEEEE - F
ABTLETENETHEE, TOLGEEYBLLLTA
T B,

Communication

Cdmputer Computer

Fo Fo or n R Is
. ‘ g Master Master @ Slave Slave -
s 2 Zn Zs @ S
« S 1 Arm and [ . Arm . Arm Arm and o =
5 2 2 =
& Controller Supervisor Supervisor Controller] S

Vn Fi - | |Feorls “ | Fe
Fo : Operation Force Uj
F1,F2 : Operation Inner Force Operation Task Zm : Master Arm Target
Fe : External Force Environment Environment, Impedance
Ym : Motion of Master Arm Simulator Simulator Zs : Slave Arm Target
Vs : Motion of Slave Arm Impedance ‘

Fig. 1 Basic Concept of Impedance Controlled Master Slave System (MSS)
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