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Simultaneous Measurement of Shape and Mechanical Impedance of an Object

Satoru Emura* and Susumu Tachi*

Desyncronized tele-robotics by virtual reality technology has been studied by many researchers. This approach does
not couple an operator and a slave robot directly like bilateral master-slave teleoperation system, so the smart search
of the remote environment by autonomous slave robots is strongly required. In this paper, we propose a method
which can measure the mechanical impedance and shape of a target object and environment with the robot under
impedance control by adding perturbation to the virtual trajectory. First, it is considered what kind of perturbation
is necessary and realistic for that purpose. Then, we show that the robot with a single force sensor is insufficient for
simultaneous estimation of mechanical impedance and shape, and that the measurement of force at plural points on
the contact surface is essenstial. The validity of the method is checked by a 2DOF real robot.

Key Words: Mechanical Impedance, Telerobotics

TLE) &) fsD 2.

. ) [
L&t TR THEH, AYE—FrAafifshizoRry b2 1 0%

B, ERRCBEDELETLNATTFIN - FLIERT 1
7R VAT ADHERE L BRI T b, REMIMRE
NBTVORT 47 AROBREP L ENRTHS[1]. Thbnk
T, YRS — - AV =T ONEB-ADBED BEEL EER
AT (2], BEFEVT L OMNROERELE S RHIRE B
TED LIRS 2. i, ALEEBRIAWNIC L 2 KB/
HREIOFLORT 1 7 AREHENZAL -7 Ky Pl2L 3
REERIRESNTYL B4, TOLILTATFLAREH
T 5213, ERBOREER, HFIONRBROEI & oS
HH e BRENPORFNICINET 2LEF D S,

BEEIED I BN & BHRIET 2 720 REHTH Y [5],
AR E> LRI 2 ERRL ok £ be TefE
PREBT AL ENT VS, JOBRSOREEEEIIZ=R4E
BTRE SR 205, WRYORES 2 A5 2o I REIEEE
BRSNS (BER) CHEZZLENH L, —EHMHT
AERREICH LD 5T v 57 LIRS & EIn S a iR
JREFIZoWT, EERT CHRE &2 Z 08B & s »
LEKRAVE—F Y ARHEET HFEMREIA TS [6]. =
DEI RV ETRy FERICERL TES L IR HS
IRy b2 DHELOoORBEES A LEND 05, JE
BETICLIIVRH SN IER IO Ry FEFBRIEE SN

Efisft 1996 £2 H 23 B
R
*The University of Tokyo

BADRY P ERFE15E TS

37—

ZHICLOHBROBIRE TS L FAFICHET 2 FESIRET 5.
B CDITRYOEWE) A ¥ ¥ — &V ZAHEE O 7z 0 1
T AEFOFORISELERT L, X2, HE—0hby
FTLIROLEFYEELIT o B AR EENICIA Y E—F >
AEBROEHR T SHTET, BMENOBEKE THMIES
NTREDTA VY E—F VA BIROBRSSBETIETH S =
LERL, CORBOERNRTEYHET 5.

2. 12— Z0HFE

T FHEMAONIZE EOMBEOERMY y TELZLNE L &
W& foy BOBRANE - TR - FUN—F

Mij+By+Ky=f (1)
THEBLTEZLNREET D, y b f TTOEEEE
Ze(s)=Ms*+ Bs+ K (2)

EHROBBH AV E—F v ALEHEL, TOLE—F VR
E—BOBEHFLELLZETR (1) %

Zelyl = f (3)
y=Z.[f] (4)
EET A EICT S,
1997 £ 10 A



998 FIN ) B

Fig.1 Configuration of a robot and an object
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Fig.2 Robot trajectory and surface deformation
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Fig.3 Contact surface and measured forces.
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Fig.5 Target object
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Fig.6 The relation among surface deformation, applied force
and measured impedance

5.3 FEROBHE

HEvHORKE (Bh) % d L1538, EENHOREE
Kye & fF B d ol EOFREEB y L OBLRIZ Fig. 6
DEICRY, FLARIZLBER Ay I2oVT

Ve =y + Ay —d, Ay = Z7f] (46)
FERIZLTWADT, REFIKITRRNTRES.
Yo =y —d+Z[f] (47)

EBROWEFHEITRDO L ) AT o7, B EH ORI A~
E—§ Y AR5 2—% KB #AwT

Ky—vo)+ B —%9)=Ff (48)
TEZBR, yo KWOWTRRD LI ICHEERIOND.
1 .
Yo =y + 5 (=F + B — %)) (49)

0Ky FEER RERER T K HOPESKEN RS, 1T
U g, =0 #RELT, EF % fK,y byt 2KD
5. ZheX (49) OHDIAAALT yo KDz,

5.4 R

#0020 [mm/s] W THEE Loz b XONE-T1E
SEHE 0.1 [mm] BRECLY, ¥ vEE L =70 I8
ELTA2HOTHELHEALTHEON |REHZET A +XK
Yk OREPT OB A > ¥ —¥ Y R Z.(K,B) % Fig. T,
Fig. 812, TRy b FLHE L HHBIKE Fig. 9 (2817 5.

Fig.7T?» K OE#HIZERT 2 L, BRAF T —VOFES
¢ = 33 [mm] [HETHEIN, FILLTVIHRIEoTWDEZ
EHShA. R, K IEFEMEO 60~T0%REICHE S
hTwa, AFu—VEFIZ2oWT, B IXFEMED 20% 2
ICHEESRTWS., T IS TR B OfEEITFEED
0.7~ 1A fBOHEEIZ A>T W5,

Fig.9 2, 131 1[mm] MR CHlE L& hoEes L
HEENABIREZT 2. HEFDY B 2GS THEMEN
0.2[mm] I EEEMEL Y KE o TWDA, T IROES
(33~40[mm]) BLUTAFT—VO—F (22~31 [mm]) 22
WTHEIRIZIZT-HLTw5,

JRSJ Vol. 15 No.7

42—

12000 — , 1 :

K nh;pmpd =t
K expected

10000

8000 r

6000 r

K [N/m]

2000 i

i i 4

0 - i i i —

20 25 30 35 40
X[mm]

Fig.7 Estimated stiffness (K)

800

600 [ 1 -

500

400 |

B [Ns/m]

300 r

200 |

100 [

20 25

30
X[mm]
Fig.8 Estimated damping (B)

T T
: |

ﬁecorhstruc}ted shape

Y[mm]

22 24 26 28 30 32 34 36 38 40
X[mm]

Fig.9 Estimated Shape

6. # B

1 |2 2D BEOHIE & B—J) & v O O ER» o
TREHENICA VE—F VAL EBOEREFETE NI L,
IO IR R S T O RESNE R L RR L.
TR ORI A ¥ ¥ — 5 v AEED 2D I BIEHEI
KE 2D EOPEREFFEIARTINERL VI LER

Oct., 1997



WRE A ¥ ¥ v ADFEZE R 1003

L7z, ZLTA v E-F v AFHE N8y b TLERORZF
DEBRPL, YT IVONATAEZEZR L THROBIREES
PERICEETAFELREL, 2BHEODD Ry FEH
WTREFEERMGE L.

& £ X &

[1] M.W. Spong: “Communication Delay and Control in Teler-
obotics”, AR Ry b &8, vol.11, no.6, pp.803-810, 1993.

[2] D.A. Lawrence: Stability and Transparency in Bilateral Tele-
operation, IEEE Trans, Robotics and Automation, vol.9, no.5,
pp.607-623, 1993.

[3] £, W AVE—FYAFWB<A I AL -7V A7 A (1)7, BX
TRy b EE4AEE, vol.8, no.3, pp.242-252, 1990.

(4] BfE, B “RERECLDOTHENRET VI Y X4, FHE
B 4SO, vol.29, no.3, pp.347-355, 1993.

(5] &F, L% “fe@ifE (Active Antenna) 2B % SLREHIRFS,
HARDR Y ME&EEE, vol.13, no.1, pp.149-156, 1995.

[6] R, AVL: “48MKA >V E—F v A2 WA SFW, N1
AH =X A 12. pp.15-24, HEAFEHAES, 1988.

[7] B 2—F—0kdDv AT sREEH. FHEEHHES, 1993,

[8] BH : BHEOFE. SHEE, 1971

[9] &, b, 353, WE, &t “HEVFEHVEWSfLIb - F5
A7 w22 b=y DALY E—F Y A7, BARDRY bE2EEE

vol.7, no.3, pp.171-183, 1989.

. 54t BE (Satoru Emura)

1969 4 1 H 21 B, 1994 ERTAFE T ZEKFE
FEisLRE (R TFER BT, RERAER
BAREAYE, BEKESL, v 7a—Varo
FFgeicfes, (BARTRy b E&%FESE)

ARTRy MERFEI15ET 5

43—

% i (Susumu Tachi)
1946 % 1 B 1 B4, 1973 £REKZTZRHMEH
BB T. TEEL. RREDT, RS
 EEENRE, FARE, AEAEDHEE LR
T, 1994 ERFRETZWEH T EREIR, /54
| A7 PR HVAESLE, FEAURY N, T
VAT TR A% EOWRET.

(BATFy M FLELER)

1997410 A



