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A Telerobot System Featuring Man-robot Cooperative
Task Execution

Tomomasa SATO Toshihiro MATSUI Shigeoki HIRAT

This paper proposes a new teleoperation system where man and robot cooperatively execute tasks.

First, in the new system, the roles of man and robot in the generation of task procedures and
task execution change dynamically. That is, while in the conventional supervisory system the role
of man is limited to the generation of task procedures and that of the robot to task execution, in
this new system man can participate in task execution and the robot can participate in the generation
of task procedures.

Second, in the new system, the generation of task procedures and task execution are interspersed.
That is, while in the supervisory system a task proceeds as batch process, in the newly proposed
cooperative system it proceeds interactively.

MEISTER (Model Enhanced Inteligent and Skilful Teleoperational Robot) is an example of a
cooperative task execution system which integrates a teleoperation oriented knowledge base, a
cooperative maneuvering system, and a teleoperated-motion understanding system. A chemical

experiment task demonstrates the effectiveness of man-robot cooperation.

Key Words : Intelligent Telerobot System, Man-Robot Cooperation, Multi-Level Man-Robot Interface,

Task Knowledge-Base, Advanced Teleoperation.
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Fig. 7 Direct drive master manipulator.
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Fig. 9 Setup for the flame reaction test
experiment.

JRS] Vol9 No5

— 68 —

Fig. 8 ETA-II manipulator (slave manipulator).
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(b) Teaching alcohol lamp.
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({) Igniteing lamp.
(g) Picking sample.
(h) Observing flame reaction

AdeFy FFEREE 9B F

(b)

()

(h)

1991 4 10 A



610 = # @ IE

LFHEEINLEICE>THRS. Lo Lichb, EEc
HBEOLSHEIELVWTE D, 72 FEOERDOAEH
BIABTEWZ LB 20k 5 bz, BIEEL~
AFw=v. - AERBRELTHEOLREEMIZHEEL,
Rit&+ic@Ec & 5. Fig 10(h) s oEEs» T
+

b, B AT sk > TEREh AR
LE &, FOBED LA TOBRAFEOERANTSHS.
7.2 WM#EL~NILTOBRESE

1) 7rAza—nFr7oikEE ZofEFRrmE-S
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Zhapt A BGRY €, B0 & FEERICARRX
ThENERTLOTHS.
BIEENHTA 2L F v FiITH LEAkSERHEh
L, VAT AXAES-AZELBATW AR (5
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DY LBE T, 7R, FERENAFEID
i3, ¥+ TEATFEEL S EITTS CLEHETS
LL, v 7T THEEEITE, BT F
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TERICEBETA I &L, ra, AT X510~ T
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wE#s. Akayicit, #BfEEcx L, Figldl(a) o
r5cF ., 7OBLEROESR TR T L 5 iFERT
B, thit, FvFEF e THEREYETHLI &,
F-TADEE, Fre T EFVIOERTF -2 11T

BoAF & B P F K HE

EFACRRIRTVWE S LA LTEREES L
DL LTwA, Fig10(b) 25z = # 5 P 0iF4EE
TENTBIEF-TERLEIATHD. CRISCL
TF—ZDERVETTEHE, TFPIIEELLT—#
AHHLTE £ F+» 7 LOFECIIZL.

SERT—F 8-> TVEBHFIZHDOT, »H, b
EfFORITC R D, B LICEfED Y T2 v - g
v% MMD LioRL, B{FE~E# 2Rk 5. Figll
(D) 3%+ 9 77 7R —F T2 L008FLREAL
tboThs. Ff:, Figl0(c) BFEEOeH, +D
BifFORUE TH 5.

2) =y FOEKEE Radi~, 7REBIHEEE
2TERES. RARET, ~» FREOAEED S LEA
TR WEEELES. £1L T ~» FOEEibsTIicd
Kt Bz, HohUHd=, FOHE~ » FREOWUER
CHTTLTLERMESDEY LThb, EEOEX

ERCEA.

COfFEFEOPR, METOBA TLIoFHRk LS
Iak iy, O Thvoe A, FITHEL
V. FIT, T FROETFAIRAIHTCSFHET
ix, SEEEOBRT ARIS T 5. BAENICIL, v A s b
i1 FEYRIEmOPRATICERYC R TRks0
T, Fo#, BFENE=FFVEDEREERT, B4
OB NEZBREL, BREEH Y AT 2T
FHE (rEL, PV ) PBEIZRETRS

—F, = FHEORYYTLEFE AR EIREEAE T
ERTHOREE L. Zhit, =Ey FAEEON Y
¥R LTHEECTRS. BEMTE, =8, ke
» FHEEY, ERCEr-TEEIXF-To TS LT
AT TRHOELLEF = » 7 L, EEDHBRL(EZL -
fobEE Lib D LT 5 L 5icic-Tw5. Fig 10
(d) xr#Ey P 7, FEOEEHTEBHFLT-T

(a)

(b)

Fig. 11 Graphics displayed on MMD.
In Fig. (a), closed fingers of the robot hand is right on the top of the lamp-cap. The operator is
requested to achieve the same situation to teach the position of the cap. Fig. (b) shows expected

motion for approaching to cap.
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VWBEZA, (e)id, EFLET—s:2MALT<F
B L AHTHD.

Ihnm, AME e, PO L0 TOREF
EDEFTHS. LEoffE4BE LT, MMD 2k -
T, TETREARGOLEDONEFRA v P LB RO
ERrs7 7 ATRRESh, HRAIATHTHASh
L. ZHITED, rFE L, FALEREEAD 2 - 2fE
ETLESMNON LAER S, 5L~ 0BREEE

AT5D.

8. % ]

AT CILERFECRT AN A, POREL
VBl O F E LTHRMEE L GO HERRE L.

COBMEEARIZE- T, FEFHOER EED
FTzEL, ARERF ., FORESBINICELTDSD
N1 OBETHE. Thbbitke, ABHMFEFIR
BPERL L= A FEREET TS 05 EENTEER
L oTutat, BMEEFECRARLEESTCEE L,
Fredl, L FEFEERCHESY CES. ERFHD
VEH L ETHHEMZES IR T A 005 2 DRET
BB, Fhbb, HEOA— AL FIFRIIEWT
10, FMMTH - DD, AREOBREEETLT Y
2777 4 TIMBENIIE - T 5.

oot ANEERF L P EOBRFELAREICTS
fohOfEEL AT 4 L LT, ERIFEDZm#HR~<— X,
R AT &, REETTEEAE S AT A RHE Lz
RERIEE= £, » MEISTER %@L £ LT,
— B L EITELGRO I » CHRFEO D R4 LRI
LAz,

—7F, BRI OS5 KL EFLENEORE T Tt
LY aotest T 2 b ROFITHS. £z, 7
B 75 AEBIIOGTIL, ARLTREDOERES LR
L, BEERI-lEEXRS 74 T XawRELE. Zh

% 10— FRICHEE TE S I H IRT A C LT,

EHfg Bis 5L EEEI S
E | &

APFR AT mhic ., TR E T LIS TOAEE
Y AT AFEOSHEWK B, BR7T—F7 27 F &
B), tH#Y A 7 LAWIREEOMAERK . X
S T LT 2, BEAMEERYE

HEEE F LTI HaRfAZROBHERL S LT,

FAFERoFRE LRSI U, OEEHFRE g
AF AOEBICESNRLET

# 81 HrNETEOLAA
1) —i&4 ik ToH : approach DPIZEHEEL
BAhrty rERE 9555

—T71 —

(defmethod cobject
( :approach (& key put as)
(if (send c-hand :gripping-obj)
(send self :approach 1 put as)

@ 8

(send self :approach 0)
J
)]
© FohomErdsrkhET .
@ &+, I Hic approach 1 & aEUidi4.
@ feithif, X5z approach 0 (FER) HEEU H .
(defmethod cobject
( rapproach 0 ( )
(cond ((and (setq curpt (send self :app))

(or ($ex-check-av.-.--- )
(setq app. trn nil)))
(send c-hand :mve-dir curpt))

(t (setq curpt (teach-go)------ )}

SRON NN NG

(send self :moved curpt '.app)
(send c-hand :psmve-dir curpt)))

curpt)

@ E=FART 7o —FEANBHERh WS EET
@ L LAIIBESCTFEMrFERAL, REXHES.
) AENz LT hEBERI TR T - s 2ilE
T5.
BESBLR L ZREEERITTS
TFe—FHABRIRTLELO TETRFRE Y
2815,
® JWRENLT—20LT 7o —FEARIELTER
+5.
2) MEIMETOH: 7y TORKFEHTOE + v 70
F oz ?
(defmethod lamp

)

®

@ ®

( :light (--+==-)) T
(setq cap (find-such 1------}) @
(cond (cap (send cap :remove))) @

) ; light end

)]

O AkFRETHSD.

@ BHIhTVLIMELLE . » TEET

4oy THE TS EEIINTEE (:remove}
TS

3) ERHEOR: v 7%y v 7O LIFE & ERTFH
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D7 g
{defmethod lamp-cap
( :remove ( ) )]
(or (send self :frm) (send self :teach)) @
(send self :pick) (send self :place ch 1)))
®
)
D Fro TN ITERETHS.
® BAONET-ZVEELTWAIREL, BER
LERFH (Tl TEET 5.
@ ATFEEFOLOR—BWEOLOHFAIhES.

{defmethod lamp-cap

(:teach ( ) 0]
(jig-reset-vertical) @
(setq cx
(send self : teach-point-av
cap-top:----- ) @
(jig-reset-vertical)
(setq cap-top
(list--+ (+=gtableheight#---))) ®
(send self : frm (wbse---cap-top) 'fill-in) &
............ »
)
O Fv7Fry 7EHAEOERFHETHS.
@ ERLXTVIS OB Y EE IR TS
® Fro 7OHADNERFRTHIIERTS. =

DFHEF—BYEOLOTHS.
@ ETHT®R, EBWREEERTS.
® =y tOBEMBEOTF—shbF v, TOEAD
EYETS. 7 TLOEIRF 7 s~ b e
= Thv5.
® Fro7ONEBRRATS. FRMCS v IOME
HtHE, LAShS.
8 I1 TE8ERL —1 Of)
(defrule approach-detect
I(in-cell ~object *x)
I(hand-empty)
(hand-frm —position
{*y ?neq nil : within-approach *x})
>
(renew approach-done ~object #x)
(send* *x : moved *y 'app))
)]
=l DB
EEBLTwaHlohichd = p3H 3,

JRS] Vol9 Na.5

— 72 —

ENETHB,
FORENE *y HE +x O7 7 v —F \AEHTH
5,
T bk
“Hptk 2x ~OEEA LT RA" LW EEREG L,
Ptk #x ~FA 2y ORBIZT Ve —FR L L@be
x.
(defrule retract-approach
!(approach-done ~object #x)
(hand—frm ~position
{#x ?neq nil :outof-apdroach *x})
>
(p-remove 1)
)
A= D%
WE sx ~DT7 T —F LT3,
FOME »y 2k +x D7 7 7 —FEKOL Lz T,
L BIL,
1 FHOEEXHREE L.
(defrule move-to-grip
!(in-cell ~object #x)
!(hand-empty)
(hand. frm ~position
{*y ?neq nil :within-grip-pnt *x})
—->
(renew move-to-grip-done ~“object #x)
(send* *x : moved *y 'm-t-g)
J
A= DEH
B LTwaEEohcE «x 2555,
FHRETH D,
Bix
“Fhex OIRBNBICAHB” LV OEELTHEL,
Ptk =x ~F 2wy OB TR @b L.
(defrule grip-detect
(hand-empty)
'(move-to-grip-done ~object *x)
(finger-wid —direction closed
“width {*y :within-grip-width sx})
(finger-force ~af-fx {*z>0} ~bf-fx=%z)
ol
(renew gripédone ~object *x)
(send* c-hand : frm (?hand-pos))
(send=* *x :assoc ’'gripped-position (?hand-pos))
(send* *x :moved c-hand :frm) " ~. grip)

(send* c-hand :grip +x)
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(retract hand-empty)

)

A=A OB
FOETHD,
ik »x OMFFBICFrH S,
BOIE +y 2 L THfE »x oiFHRic/in - 7o,
WOBMITFIZH =2 RREE L,

qo1r 4
“Bff sx OIWFEHIILE " LI RELYERE L,
FoRAMEYRREE L,
Mtk «x TIFE 2 ies e L,
ik = CBEOME TINESRIhi- tabe L,
Ficxt Lifk sobject wFoic LAbE L.
“ERNETHE” L) HEELHRNE L.

(defrule put-on
(in-cell ~object *h)
!(move-up-done ~object {xo ?neq *h})
(hand-frm ~position

{*y ?neq nil : within-put =h})

(hand-weihgt ~fz<0)

—>
(renew put-on-done ~holder *h ~“object *0)
(send #0 : move *y ‘put)
(p-remove 2)

)

s — - DEk
EHLTVAHEBICE +h 255,
sh }:& 5% *o 124 L move-up-done LT\ 5,
FOME *+y 7 +h ~OBBERFIZH S,
Fizrr k0B INEDMETHS,

froiX
“Upfk 20 & sh D BT 72" L WO RERXERE L,
Ptk w0 (LB *»y TREIh-LALEX,
HE2EHEE L.
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