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Synchronized Control of Teleoperation Systems
with Power Scalings and Time Delays

O Toru NAMERIKAWA and Hisanosuke KAWADA Kanazawa University

Abstract: This paper deals with a passivity-based control of teleoperation considering position tracking
and power scaling. The proposed control method is a passivity-based synchronized control with scaling
elements. In the proposed method, motion and force relation between a master robot and a slave robot can
be specified freely. The asymptotical stability of teleoperation with communication delay and power scaling
is proven by using a passivity of the systems and Lyapunov stability methods. Several control experimental
results show the effectiveness of our proposed method.

Key Words: Teleoperation, Power scaling, Synchronized control, Passivity, Asymptotical stability

1 IC&IC

TLARXL =g Vv A4ZnRy FEXL—T 0
Ry B ERICK > THRE I NS -8, BIZEEIC L
DYRATLBREENRT BV HENSH 2. O
BICHUT, ZEMHICE D RFvo 2 VYA
WEFEDENTHZ I EIHENTVE Y, RF 4y
2V TR O HIEL, ZREEOHRICENTSH
B, (IEDOFVU T FREBORH L EDORENS 2
ORI U THRAEBFEDBEREENTNS 299
M, (IEBEDOINRAFIEL TOENT &, KL —
THEZBURENHB. XS ) TIBEBTRE
TRy NI HEINIZEAY AT LICH LT,
75 78 ) iDL AFEIEAIAERE N,
ZHIEANICKDEBOT—Y 2 Y FAEWICHRET 2
TEWREN, BEBERETATFLARL—Y 3>
DA EBRAEDIRENRE N .

—7, TLAR L=y g vPREL KRR T EY
T, ANEICEL TAr—)V) O RA%ZaRy ¢
AWT, EENBRICE L A7 —)V) DAL—7n
Ry FEBETZTENLEE LWL, DX ic, EE
EHCHUTAT =) U FR[TH T EmIST— R —
DT80S 8, XEk® Tid, AFvw i) 55
ZRWETLARL—Y g e L T/8T—Xr—1)
Y ITRITO B EICE BRI ENB L ERL
TWVBN, (IEEENKRS VS EENDH S.

AHAEDOEMNE, BEEBEEET 3B EEE
BLIeTLARL—2 3 e LT, #ERENEEE
AEL T ZEMEICE DL ST — 27— VY EIEFES
RERT 3. BFER S OFFEHEACH LT, FED
AT—U VI BELREALILLOTHS. UT T /)T
DEFEEZANB L TNRT—Rr— 1) v EEL
T LARL—2a UANEREL KB LR, &
e, HIEERRIC X 0 BEEOEMEERT.

2 TLAXNL—=3VDEA4FZHR

AARTH/I T AZKRUAL—T Ry kDX AF
SV ARUTORTEZ 6N 3.

Mm(Qm)Qm + Cm(thme)dm + gm(Qm) = Tm + Fop
MS(‘IS)"I'.s*‘Ca(QSsQS)‘]'s +9s(gs) = Ts = Fena, (1)

8 35 [\ FIEER Y LR T A 2006 £ 9 B 19 B~21 B - KIK)

TCTT, IRAFmIETAL, si3AL—ToRy heE
LTEY, ge R™™VIIHEEARE, + e RVVIEAA ML
Y, Fop € RMVIBHEENSD N IVY, Fopy € RPXL
WBIBENSDRA VY, M(q) € RM*™ IEFERFR
FEEITH, Cg,¢)g € R34V ARUSEL
HE, g(q) e RV IZEHETH 3.

LAROEEFAERIROEEEZEF L TWVWBE T LA—
RicHenTns.

Rt 1. BMEITS M (q) R EENRITIITHS. £
o, BYUEEE mi, me VEELT, ERED gITHLT
ROBIFRADKILT 3.

0<miI < M(q) <myl (2)

Rt 2. 17510 Clg,q) Z@YNCEDB LT N =
M(q) — 2C(q,q) WELT DK 5 A BWHITINCA S

N=-NT 2TNz=0 (3)
3 HIEE & IR
3.1 HiEHEM

INT—=RAT—J V7 BEBEREE LT L4
L—ayDREDDIC, £F, T—27r—1 5
CIEEEIE R ERE L IERER U T ORICERT 3.

{emm =a7lg,(t— T) ~ gm(2) @
es(t) = QQm(t - T) — Qs (t)
CCTal>0)€ REAT— UV YELTHS. S
HHZ L FICEET 5.

HEEE: EFADEM (Synchronization)
AREDOBINIT LARL—2 3 VAFEE, DFH L
THEREINZ L LT 5.

3.2 ZEMMICE D IEERMHE

&9, ARy NRURAL—70Ry hADA
ARV IELUTTEZ% 0.
Tm = =Mm(gm)Agm — Cra(gm, gm)AQm + gm(qm) + Fm
Ts = —M(9s)Ads — Cs(qs, 95 )Aqs + ga(gqs) + F, (6)

SY0005/06/0000-0205 ©2006 SICE

— 205 —




W RERT
) i< (6)

ZTT, A e R IZEENATTY, Fo,, F,
ﬁ«%ﬂ%ﬂ@%b%@ﬁ@kﬁ?&%.u
RERAT B ELUTHESNS.

{Mm(Qm)f'm + Corn(qm: Gm)Tm = Fry + Fop

. . 7
Ms(Qs)rs + Cs(qs,(Is)Ts = Fy — Fepo, ( )

ZTT, P, P Y ARZRUAL—70Ry hOFHL
WHAEBTHYD, UTTEEENS.

rm(t) = qvn (t) + AQm (t)
rs(t) = gs(t) + Ags(t).
(7) RSB U TROME-E 1 B D 31D.

#ﬁmﬁ 1. (7) RISHUTASIE 17 = Fru(t) + Fop(t),

F (t) env(t) Hjjj% Tm,Ts tj‘é oDk
%”Z?&UX&—7DﬁvbmﬁbT%h%ﬂuT
DRENPEMNK D LD,

(8)

Azﬂnﬁmwz—m i=m,s 9)
Proof. T T, UTOLS R EEEBZEZS.
Vilri(t) = 5rf (OMi(gIrs(t), i=m,s  (10)
Ric, VAT LOBREHEICH - TV, ZREMMST 3
ﬂ:%ﬁMm+ﬁMm (11)
= %T,T{M, —2CYri +7T 7 =T A,
: =O0(fk 2)

i=m,$s

oT, UTDLIC™ ZQD/‘J‘\/I‘&U}(I/ 70
R MIZEEZRET 5.

/t ri(2)THi(2)dz > =V (ri(0)), i=m,s (12)
0
O

33 ST—Ro—UY I EERLIFRHER
WI—=Ry =T %EEB LI AZOR Y FRT
Ab—=7aRy + OFIEAIZUTOX I ICRET 3.
F(t) = K(@™'rs(t=T) = rm(®) 1
Fy(t) = K(arm(t = T) = 74(t)

TIT, Ke RV BEBDEERNHTIITHY, T
GEEBERETH B, Fig LITU—ATr—1) V7%
EZELETLARL—Yaryo7ay sRERT. -
72U, N'Master+NCJ , [Slave+NCJ &1, (7) DI
RIEHEEEIT O AZRUCAL—T0Ry hTHS.

3.4 REMRE
BRI ZHEBSEOREEBTEZITOMN, T TR
UTOIRE R I3 & IR RRETZEDET 3.

1. BEE LB v, 7 Z AN E LTRERE D A
TLELTETIULTES.

r r F, E
- . {a ~{petay}—-O~K- -~
Master Scaling || Communi- | Slave
+NC -, |Flemeats) | cation NC
e O ' Delay [
F;p E Ty Iy

Fig. 1. The Synchronization control architecture with
power scaling
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Fig. 3: Case 1: Time response in free space
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Fig. 4: Case 1: Time response in free space
(Master response x 2)
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