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Non-Contact Impedance Control for Manipulators

Toshio Tsuji*, Michio Hatagi*, Hiromasa Akamatsu* and Makoto Kaneko*

Impedance control is one of the most effective control method for a manipulator in contact with its environment. In

this method, however, the end—effector of the manipulator does not move until an external force is exerted. Therefore

an impact force from the environment cannot be avoided. The present paper proposes a concept of a non-contact

impedance control for a manipulator, which can regulate virtual impedance between the end—effector and external

objects using visual information. First, a virtual force exerted from the object that is not contact with the manipu-

lator is introduced. The virtual force is computed from the non—contact impedance and the motion of the object, so
that the manipulator can respond the approaching object without any contact. Then the proposed method applies
to an object avoidance problem and a contact task. Validity of the proposed method is verified through computer

simulations. Finally, the proposed method is implemented using a direct—drive robot and a PSD camera system in

the planar task space. Experimental results show that the non—contact impedance control is realized with a high

sampling rate and a sufficient accuracy.
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Fig.1 Schematic representation of a Non-Contact Impedance
Control (NCIC)
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Fig.2 The block diagram of the NCIC
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Fig.3 Avoidance of an object using the NCIC
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Fig.4 Change of the end—effector trajectories for the object un-
der the NCIC
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Fig.5 Control of the end—effector trajectories via the non-
contact impedance matrices
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Fig.7 A simulation result of the contact task under the con-
ventional impedance control
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Fig.8 Simulation results of the contact task under the NCIC.
Three different virtual stiffness matrices are used.
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Fig.9 Simulation results of the contact task under the NCIC.
Three different virtual viscosity matrices are used.

1.5 tis] 2

4.3 FEEma LB —4 2 XOEREHE

Fig.4 CRLZ X I ICHRELIIEEMA V-5 Rk o
TIEHEWI L CFRPABR LSRR TIBEFHE. £
ZTIOBRBEEFANL LD, X (9) 12X 8) ERALFERA
VE—F R EFEEA VY-S A X RO E R RD
Bk,

MdX + BdX + KdX = F (13)
F:Fewt+Mo (Xo _Xd—’l"ﬁ)
+ B, (X, — Xq — 1)

+ Ko (Xo — Xq —rm) (14)

185, P, M =M.+M,, B=B.+B,, K=K.+K,
THb, {HOL-D, XZ b Vnld—EET5E, &R,

EX:((% ' (M032+B05+K0)
(15)
B, X(s), Xo(s) BFERFN X(@), X,(t) DT 75 AE
BrET,

EXPSWEIIHITT B FEOIGER, PRI E—F VA
EIEEA =YV ADAITHRES NS Z &5 5. Fig.4
DEH (K, = diag.[0,0] [N/m]) DBITIE K, 2/hSWVizn
HEWTT 2 FROBEBREL 20, HRICELEIS
BWE BT S L) BRIDBEFRDNTVWEDTH S,

QEHEOA Y E—F VY ADI L, FEAVE—F U A M.,
Be, K. 37 =¥a L — ¥ HFFERTIT> T 2RI U

= (Ms*+Bs+K)~

JRSJ Vol. 15 No.4

—140—

RoBEE & F B

FENBNTA—FTHD., T TE Me, B., K. MEEAT

FIT e R 2 AVTHALTELHAEER L.
M, =T"M.T (16)
Be=T"B.T (an
K. =T"K,T (18)
M., B., K.e ®* 3#hendiid 275l 0BEEEY EX

LT HHBITHITHB.
FZT, A =¥V A M,, Bo, Ko b Z O34T
BT #BWTxALTERELTS.

M, =T M,T (19)
B,=T'B,T (20)
K, =T K,T (21)

P8 M, B,, K, DEEE*BEEL T 28T M,, B,,
Ko n}lu'l-j—z) t bu&% Z CT&i, ﬁ&; EJO)—EJE L—( Bo,
K, 0 i FREOEFR*

BY = 20¢® (318 4 79 - BY (22)
RS = () (19 + 38) - B (23)

DEIERETL. 2EL, (D, wf) BERERHET S E
BT 2R, BEAREREERT. 2L THRYWAE
BWEMEOBRELFRT M, 2BYIIHET UL, FEma >
V=¥ A%FHRA VY E—F 2B L THRET S 2 &AW
b, B, FhoEFoRE®RIX (15) o M, B, KT
hE LD, X (22), X (23) O B, Ko BULTLLIFET
HOLVER NI EIEE SN, 2730, FEER Y —
FyAD (D) Wl 2 FHA V¥ L AORIBT B HBEEC
B EERE, B AR BT 5 L ) EE, BY,
KD >0 nbl b2 BRCRTILNTES.

ARHLTIHESII M, i FHOEZ%

ey,

Mg = (24)
DEIWCRETAHEXRET 5. HEYWOMNE X, BFFi
B X 28T 5L dX,| =7 2%y, M = ME, »HY
Yo, Thabb, MU, EET 5 EEECBY B URIEED
FRESXD. CoFEERAVE, FEAVE-F AL
B V- AR L QI EE L FEOIEEEYEBRT
X BT TR, MEWIMRABIRIZEM LB IS 2R
BA VY5 U APRESH, REKONIIZHRYIRAT
BIZONTIREA VE—F Y ANRKEL B VI IR Oi
BIZG LRSS V=5 ADREN TR L 2 5.

Fig. 10 L ZOFEFHVTITo v Iab—Ya VRO 1
Bk Ry, EBEMIIFig 4 LFHT, FEAVE—F TR
AT TH B0 0 T IZEMITINC A5, WEREH (D =1,
EAABEREHE o) = 10[rad/s] (i = 1,2) & L, KAEERD
EBREE M) =05,1.0,1.5[kg] (i = 1,2) LEALEETE

May, 1997



YoEa b — ¥ OFEMEA Y-85 A 621

—_
—

— M =diag[0.50.5]kg
- Mmaxmfag‘[l,l]kg
o~ M =diag[1.5151kg

e
o

_______________________

.
i)

e
n

End-effector position, x [m]

e
W
I

=
@
W
—_

1.5 2
t [s]

Fig. 10 Change of the end-effector trajectories for the object,
where ¢(¥) = 1 and w® =10 rad/s (i =1,2)

0.8

0.6
=04
:’Q
0.2

[Ns/m]
]

5

A o & o

=]

0.5 1 1.5

0 0.5 1 1.5

(©
M, =diag[l,llkg, -- M, =diag[1.5,1.5]kg

2
1 [s}
— M, =diag.[0.5,0.5] kg, ----

Fig.11 Time histories of the Non-Contact Impedance param-
' eters

HOWEERKDL, EhO5WThoBed FRIESTS 2
ER B ICR > TWABTFISE, T2, TOLED
A -y AngEE MY, BY, K ommzir
Fig. 11 1277, W R OEE) IS U TREA ¥ ¥ —
¥y ADELHICEIL LT3,

5. DD AAKvy MEIEEER

5.1 XREE

Fig. 12 {773 DD 2Ky b (3 BIE-FHE : (bk) P 248
) &, WEPONBEANETLZOOPSD I AT ()
ERA =7 AR 2BWTA Y E— 50 AFIEERTT- 7.
Ve ZeBUIACFRPICIEE L, 88121 LED #3855 LK
FEICBTHELRE L7, WEEED 3 mm] BHTH2.
%8B, DDOKy bDV ¥ 27/%5 X — %3 Table 1 2R T

HA@Ry bERE 15 %45

—141—

PSD camera

@ LED(object)

Fig.12 Experimental apparatus

Table 1 Link parameters of the DD robot

link1 | link2 | link3
length [m] 0.25 025 10125

center of mass [m} 0.064 | 0.065 | 0.031
momemofinertia[kgmz] 0.334 | 0.196 | 0.0851

mass [kg] 20.8 13.2 8.84
joint friction [Nms/rad] 2.69 1.88 | 0.0634
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