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LBMSM : Language Based Master Slave Manipulator 14)

Fig.1 Teaching-Operating procedure of LDMSM

FANDETIXERNTESTHS. LT, #MHTD
BIECOFEYE 2D L, FEESENRHEBEIROHTIF
- & .

25 LTADE, BIECEFFRD L5 E%E -
FigAORBULER V-V OFEHR, (LE - BHi Y
DEEF — AREHEHRHRVE L TWAHZ ERI- Z
hETEH. DI EMD, TLravr—2{EECE-T
EEOFIEEXEN Lo ofE S FEFAFR &

Exbh3d, ChhARITTIRETSH LDMSM TH5.

2.2 LDMSM QRGMEFTER

LDMSM o Bf&pyle BITFEIL Fig. 1 IZR”TL5T
»2. OFTHREZLEEFEEZ =+ 5% TOL.O
(Teaching Oriented Language. Object level, 3-3 £
B) =7 rfpSTCRRLLEY —AF v 75 A% ERT
3. @Q&ic, Fhx=%Av4# (ZhbD LARTS/T
OBRFEBEIRECEL{HAZhD) K- TEHEVY
~AOEEFIHCATREL, FF7 T RISIAEE
B35 CcOFF7 7 e 7ZFal, DECEUTET
DiFEANz, BFEA e 774 T5. @KVT, #
FrEFCAT AN COEFA T 77 AT 1552
BERE LA LbRCFELELBETNEAEA LS OLEE
EEREECER L, OREFL > TERRE
BELTIFERET T, TOEYAT aifiaibhic
£MOHMEE B.2HEMB) FEATHZLLTES.
2 LTEEAETLED, TAXT —ADEZ V22
za—a=w v AhbLDEETER - EfT v AT sicab
235, @YATARIOXIRLTHELLDERERT
v, BFEH T e 77 A PORMERCRE R SOy
&) b, EFAHET = ¥ 7 AR EHT 5.

EITHT BT, (FERCETSFIE - BffPRED

JRS] Vol2 No.6

— 924 —

TEXT LARTS /T

CCMMANDER ] (SUPER STRUCTURE)
TOL.O LANGUAGE
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Fig.2 Overview of LARTS/T
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Fig.3 Construction of LBMSM system
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Fig.4 Basic positions for picking/placing object

I! (PICK obj) is expanded
| as follows:
Fig.5 Example of | (APPROACH obj)
macro expansion |  (NOVE-TO-GRIP obj)
(GRIP obj)
! (LIFT-UP obj)

LOEXREEGSD Lic, Hir  HEEEORKIRE
ERALERRE- 70 @4 HBIATES D, BYE
OEN/ GREERTOLRBR O L TH) L 5
CREETER T3, Zhbo~7r e, FATI58ED
EA%, Fig.d 0 X5z, BhrBiac - mnoRs
TeEe AT (approach position), #f& % iy & (grip
position), KA EGTEHIGEES S 100 B4tk &
(departure position), Z2:EHR SR T\ 5 &E L, FK
Ehi-boTHS. Fig.5 i1z PICK o R 7T

§5K.—E®ﬁ#/%ﬁﬁ%%it,ﬁkk%ﬁr
T LEAREBEORL G s - TRETEL D L
m%,RMMWE_PEK$LEE®20®ﬁnﬁ%7

Table 2 TOL.O primal instructions

(MOVE cbi {AT pozitin}

ABSOLUTE [FORCE [=1 <] froce-vecter}
POSITION {VELOCITY [=1 <] velocity-vector}
NOVEMENT {ACCELERATION [=1 <] acceleratien-vecter}
INSTRUCTIONS {CONPLICANCE = compliance-vector} )
(APPROACH obj -- same as MOVE eptions --)
(MOVE-TO-GRIP obj -- same az MOVE options --)
(PUT-IT-OM obj -- same as MOVE options --)
(TEANS {ebj] {BY relative-pozitioa-vectar}
-- same z3 KOVE opticns except AT brace --)
RELATIVE (LIFT-UP {cbsi -- zame as THANS optioms --)
POSITICN {DEPRCACH {obj} -- zame as TRANS options --)
MOVEMENT (SHIFT {obj] {BY reiative-point-vectar}

-- zame &s TRANS options except BY brace --)
(TURM {obj] {ABOUT position} (EY degree}
-- saze as TRANS cplions except BY brace --)

INSTRUCTIONS

(UNLCAD-TOOL tool)
(SET-TOCL teol ON obj)
{UKSET-TOOL tool)

SINPLE (PICK obj}
MACRO (PLACE objl ON cbj2)
INSTRUCTIONS | (LOAD-TOOL taal)

COMPLEX (RENOVE obj {T0 hoider)

MACRO [VITH teel {TYPE= [HOLD 1 MON-HOLDI}))
INSTRUCTIONS | (PICK-PLACE abjl ON ahj?)

[WITH tool {TYFE= [HOLD 1 NON-HOLD]}})
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reirhrAEsnTw5. REMOVE OREBMMIIZ4E
TRT.

3.4 THERNLY

=% 2.3y & (MACRO EXPANDER) {3V — A7 "
73 atho~7 oS e BALTHFVLOFZ7 b
Say5 ARkl R s eGSR ERLYS
s hversahica s v ELTESHh, BET 27
5 LDOFBEENMEESND (Fig.8 (b) FD::HOD
@), TORRBERYFOTE HRAT= ST ALL
TRWVA - LD TELHEL SV, LBEEUTHS
DA/ BB EOWELTED X 5TV,
3.5 #F - RITLRATLY

# 7 -9% v * 7 » (TEACHING-OPERATING
SYSTEM) i, oAl 7= 77 2% 11T 2WRLT,
F U — 2 LRSI 5 N E B S UERTNEH
B FaiEE L, e TREDOLS A » =

D,
COSMO700S
TEXT LARTS/T SOFTWARES
COMMANDER

LBMSM SOFTWARES

MENU
COMMANDER

DATA
BASE

VAX11/780

V MONITOR
HASTER MASTER-SLAVE SERVD
ARN I
LSI1i/23 i8080A
A/0 D/a

(a) Overview of prototype system

(c) Slave arm

i B @ IE
(APPROACH CAP AT CAP. APP)
------ WIcAT 5 REBIFOIEE
press (Bi) at CAP. APP
----- R TARE HEA L BUREORE
A= REID 2y e— VIR ST, P4 =2
— ==y AN L TR B LCIEREETL, BifF
=TEAT, EhoAsy (B) FRiks=2—37Y
Fio Xt > THETF - 7 v A7 scbes. CAP. APP
HEOEHRETE  EIT v AT ALY DEEERShS.
ERvATALID LS LTEABRIEET - 2%
HWTHERET e 77 20 bRAM Y — 7 v AR ERT
5. BAmC,
(B4 X YZABCGS)
DY A R TR S h B FR SR ERP ORI T >
—r v R iz Tw<. BifFfiz APPROACH,
GRIP #r¥THb, X, Y, Z 3F%&0 X, Y, Z EE,
A, B, Cix&@iE s h OEERA, G217V » 7OMEIE,

(b) Master arm

(d) Menu commander

Fig.6 Construction of prototype system
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SRF—221 7T, 0DLEZRIBBHEF—2ThHD
ZExind (Fig.8(c) &F).
3-6 AERRTLATA
EHRE2 9T > 2 5 » (APPLICATION EXE-
CUTING SYSTEM) (1305 « HfTic L AR S hizE
TRY =7 v ADZBFeSCERRHEHAS Er~=
Fab—20f#l=— FREBRLTIZALV—-F 7 — A1
WEETEA 27V 2ThHs. ETHAY—r v AR
BB T — % BfE1EfE2--BEhfEi -
DY) AFCREIRATHS, BFiEALV—F7—20
BE, FEOMM, WREFEELEoBETHS.
WEO AR, EREOXSicELbhETHY -7
v ARMTO X 5 FIRTHCT 5.
@ FETHY—7 v AOFMET— 2% EH FRM
I 5.
@ BffD ) A rb—o2ToBFEmAILL, Th
s
A MOVE BEfenfs4ict, FRM %5 — 2513
EL7=FH LV MOVE BifF 4@ Lty — 5 v A
iz 5. LT, BEOHFOT— 5% FRM =
BWILTEL.
B GRIP ®fE/z 5, FRM % UN GRIP 023 &
LTHEfFRARL, ¥vy—rvAicmes. £
LT GRIP o B|¥% FRM 1=#& <+ 5. UN-
GRIP L AR TH%.
5 LTCHEbRISGHIE — by v ARERA v FY &
IZhit B LR IFENER SRS,

4. RBRATLBHRER

LARTS/T 0¥+ A7 4l%, Fig.6(a) iLEZ+L5
iz, 4BOFEE, EB O 280WELIERE
nTw5., BEFToE# COSMT700S Fi=iz PETL
YATFAND-TED, FO iz TOL.O §5E, =+ =
AVE, BRFETYRT LA, WREFESTHA v S
V27D LARTSIT v 7 o =7 BB XA T3,

pEOFHEEE VAX11/780 iz V=2 L5 5

E=25HD, MDOIBDOHEE, s=2—a7rFE

IU=AZAL—TH—FEHH 7 = 75 A[EOREDH
BHEfT-TV 3. FRIoHEE LSI-11/23 13, XHO &
BIfEiD F— 2L h AL % T\, Intel i8080A (Tt
Besif v — FHERT5.

EBIL6 BhED= =37 5L Fok (AR (b)) %,
fepiL 7 = 7RO TS5 HAE (AR (c)) odborff
LTS, f=za—a=vd (AR, E0EE
=y FEEc L v 5L 38RO h ClEREEDS
Win%k CRT 74 A7 v BIZFRL, ¥—#-Fiz

RAry bEA% 2565

CAP-HOLDER ALCOHOL LAMP

Fig.7 Outline of experiment of removing cap
from alcohol lamp

IO ERORMECIETELLD, vAFADRRRES
HRTELZLIZLcLDTHS. i, HHOMER
fllo: CEET DI E LA TEE (FEOKE, &
B HEELEZ v BT I —EETOBRTS)
E-FOMHERLTEL L5l T3,

h. =& B 1l

CDYATEERGICERAELT, TAz—nF v
TOF o THUNFEOER - £, MIEER, HEF
EBEIT o1 (EENEOHMEY Fig.7 oit

5.1 EROHTE - BTOXEB

B9z TOL.O 0 A~ 2 e i T Va7 75
4 Fig.8(a) #ER L, Thi=+A v TEML
TFZ7 7 r 27524 (Fig.8(b)) #1535, AEBo
B, COFF 7T el Aok F0 s HRHE =y
SALELTHCWDZENTES. Chey$T - - FfFox
T LITT D ERBEOETR - RITEEMN BB Ih .

FRORMERY Fig.9 o (a)iz, 4522t 2
v EICRERD 4 » =2 D—% Fig. 10 05T,
R - ETOFIRIILTO L5 TES.

BEBIET - E VAT ACHRAT = 75 a2k
BLEDOS,

(1) ¥, FEWH#EH=— F2EEL V7 o=
THRECKTFREXEE L TREOFEE K FIEh
LDEOHERL, Fr o TETELRT<C TS

(2) (¥AFA2B) ¥4y 7 ~0EiAE CAP,
APP oHRERATERE (Fig.10 ® (2)). zhic
G CHERIFER, ERTEBELTERY v 7 Lo+, .,
FOMEETRETS. BEACEHFELLEOCERO A2
YEPFLTYAT LT (TOEE - B85%) #x 5.

(3) #+ o 7DEEN CAP.GRIP D RERNRE
Eha (Fig. 10 ® (3)). s CcEMHHA=—- ron
BHAoRFMEE - FicWEz, f=2—-2=vF08EFEC
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IhFwy 7ERFONETHESAICIEH B B T
5, WSEEL B0, ALv—-FOFLEORL
E oy 7OPLICHNAHELDTHS. fiL
BN E b Fr—F - FOEX VLT AT
Al .

(REMOVE CAP)

{ﬂ) Source macro program.

(:: REMOVE CAP TO CAP-HOLDER)

(:: PICK CAP)

(APPROACH CAP)
(MOVE-TO-GRIP CAP)
(GRIP CAP)
(LIFT-UP CAP)

(:: PLACE CAP ON CAP-HOLDER)
(APPROACH CAP-HOLDER)
(PUT-1T-ON CAP-HOLDER)
(UN-GRIP CAP)

(DEPROACH CAP)

::" indicates comements.

(b) Expanded draft programs.

((SEQ -99 0 100 G 0 0 0 0)

(APPROACH 43 124 -30 0 0 -3 =33 0)
(MOVE-TO-GRIP 97 136 -106 0 0 -3 -33 0)
(GRIP 95 136 -106 0 0 -3 17 0)

(LIFT-UP 95 136 -26 0 0 -3 17 0)
(APPROACE 94 -78 50 0 0 13 0)
(PUT-IT-ON 96 -T2 -87 0 0 0 13 0)
(UN-GRIP 98 -72 -87 0 0 0 -27 0)
(DEPROACH 95 -72 31 0 0 0 -27 0))

()

(1)

{¢) Generated ezecutable sequence.

Fig.8 Programs for remove cap from
alcohol lamp
(a) Source program
(b) Expanded draft program
(c¢) Generated executable
sequence

(8)

(:: REMOVE CAP TD CAP-HOLDER)
(:: PICK CAP}
(APPROACH CAP AT CAP.APP)
press (M1) at CAP.APP ----(2)
--[horizontal constraint is put
from Menu Commander here]l--
(PUTCNSTS (SORI (A B) (0 0)))
(MOVE-TO-GRIP CAP AT CAP.GRIP)
press (M1) AT CAP.GRIP ----(3)
--lincremental mode is selected
from Menu Commander here]--
MSGO of f INCR on
(GRIP CAP WIDTH= CAP.WIDTH)

(a) Scene of Teaching- (b) Scene of reversed
Executing. This figure sequence.
corresponds to the pro-
cedure of Fig.7

Fig.10 Messages displayed on Text Fig.9 Scenes from experiments
commander
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(4) Mz LT, #HE0H LiE CAP. WIDTH #
#HrT 5.

(5) AT LT, *+»7 % 3 7o CAP,
LIFT % #nT5%.

(6) F 4y 7HL &~ 0D LA CAP-HOLDER.
APP ##R35 L 5RENB. - T HUHSLHE
- FOLEEREREE— Ficy) b, BEAYER
T5.

(7) F+ o 7%hr FIC@BLE CAP.PUT *#
FTHLHRERD. BUEREHET— P bsH
HEs— Nz, A=z —a<=viPRBELTH +
v FRAL F—ZBE, vAFLCHLES

(8) MHEEZLT, *+» 7 %ETiEDM 25 CAP.
WIDTH #* #3535,

(9) FAHIZLT, *+» 7 0bELfIEE T
7-5 CAP.DEP % #UR$5. Chic X hERe#gas

DEDBBIZ L WARIWLETHY—FrvA (F=
7Z4) 5 Fig.8 ® (c) TH5.

5.2 ISAfEERITER

5.2.1 WIESEST

HRCL VEREhETHY—rvAREL, 4
yTHRA T =B TAI—=AF vy Fiod s o, THILDHE
THETT v 77 2% ER L, CORTEBRET -1
WETOEREY Fig.9 © (b) Rt

5.2.2 JEZFT

BT LV ERShETHY -5y v AXEETLT
Tha—nFryr7hbFey ThaLF—1lFs » T2
TERET -

ThENOIFRATRICLELE Lok, $uRai5
Bk, WMEFETE X OFETH 50 B ThH- 1=

6. RBEROER

FETILSEOERO £, 5, LDMSM o HE%
EETH.

6-1 FZOMMIEHBEDOHE

(1) fF¥BEM® fe% Fig.8(a) 0 k57 &k
B X TRIEEL TR DT, BEBZASITIN
EEFEARTRER s SERICER - TETES. EE
ZRETALHER (b) DL5iEwbo s BiEL
WAEE (a) O 1XTHEATHEDL, GREZDE
MENDHRETHS.

(2) BRETVATLAIERBREMRELAIG,
Fig.10 © & 5 %A COEFRELY e 57T 5.
BFER 2o oFE R IR ETIUER VWO T,
BRI EEYETTH &0 TES.

(3) zoOfEEFETHER, Wb, BFEZCFEED

BEriy PESEE 2%6 5

W %Lkﬁ%ﬁ%@%n%??hf@<®f BH{F 3
ARBILTAHERSS.

6-2 REREGEIUEREEBEODE

(1) FETRTERCIERCET 5 FH - $FCR
Bo7F—2RHEShs Fig.8 © (¢)) oT, £OfF
EOFETIMFEROIEEL T CHECERE IS, &
OBEEICL D, L~ A2 BRHOERIWLFETY,
—BEXGTAER» L0 UfEEESNT S 2 &0
TE5. £1LT, BEFC STIE, BP0 £F (&
) T AREO RSS2 ED T, Bk~0%gse
TRESE K, DEOLELS, HHOBESHE~OMUE - &
BHrbhEDHOMENERIh SO T, FEIFRLE
faxhs., o7 rvaAv—v o viicaEL B
RAEROETIHHFIHTE 5.

(2) FEOHfTor—4vAH 3.6 HD FHAD LS
HEREBCIVEREIhZ0T, chiclkdxfFED
WIEETTA Fig.9(b) D5 cBEHCERIhS. &
ORI, 7ok, HARREEENLRY HTFEIEE
FT /B L, - bASMCET, &5k
Sl bizFIHTE 5.

1. ¥ & B

AWILTIE, TrAv—2~0BEBERER IVEH
ERBREOHS &, THITWHE LT SR R0E
AN, T A v—2OMELEY RS FCRECHES
THHZ ERBHEL, Th~OfEE s LT LARTS/T
EChEAWTERAEL RS EEFHE~RA2A V-
Fw=2tal—v¥ g v (LDMSM)| ## L L1

LARTS|T &SRB L EEmyBIAYATcE s
IO L2 BEED T VAL —2 AT ATHS.
Z® LARTS|T % i\ 7z LDMSM %583, fFEic%k
UbEfEr A, FEEYAGCTIEEO ISR EY S 2,
BET b biF R LE TR S oS b#E R
HFEC - -fFEOFTRETAATHS. hick
b, EROEFRACE T, ETTEBfEeHzT~
EF— S BREDTENER AT ADBWRERED
T, BFEBREFRCRO oo RERIELa ~ v A8
BEYAVCTERrSERMCFE2ETTCEL IS5
ootz Fiz, TOEEKE e+, FEBCL IR
SR 7r 77 L ELTREENEDT, TDOEEDHE
AT CHMEET L EOIGAEENEH IR B L 51
fo. fFEEERIC I hRSAL-L 5, 2h oy
ThLERREERC BT 212 FEO AEERIHEN
H5.

Z® LARTS/T @ A— A+ 5 73 o 7k AT
FESHTHS Lisp LICABIATWBHDT, 5,
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ERLOMSEhABER 77 = v 7BIESC 5 - V5
BB FomBEEoBHLIESTHSL. ThbiX
AEEREFE Y AT AL LTD LARTS © 440 BE
EHEFETLH 5.

¥t ARLOWEICIT S LARTS/T 0@ LifF
FERRIELIFEY b T 555 TOL.O oft#fic &
FLTW5. LARTS/T o@M#HY X DIEFTW L
»izit, TOL.O oiEELEH T BERHH 5. =
Al LARTS B LicSEo BEEREEEZL T
5.

LARTS/T iz, fEF0#ETE-TREYER LT
SEENOHET VARV —R AT A THD, R
BT COEZORTEFEDFATESL LELBRS.
Ehizz® LDMSM i3, 74 —Fv /v ¥ g
Trty PEBYRAVEEER-FA, P~OEENTE
BRI L ICHFETH S, T 0FELHIE, ¥
Zefy MCEE LY, BB B MR
HA~LICHLBLLDTHS.

(B8 &) AHEETOIBESYSELTI -4
HEROFELHARK, ¥A7 1HHMEEROKRERE,
HREUEMHEZEOMAILERK, Eho%iH - FHEcH
RABVEREEER, FRPEELTHEGMTLIE
RO, HRCHHEGA-AEE0 HBRE KR
BEILET. L-BEI VEFREBEVHEZOREC
LEBOBEETELET,
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Lénguage Directed Master-Slave Manipulation Method
Using LARTS/T*

Shigeoki HIRAI** Tomomasa SATO**

S e N L S S ABSTRACT T SR

This paper describes LARTS/T, a Language Aided Robotic Teleoperator System/Teaching oriented
version. This system incorporates a high level robot language with a master-slave manipulator
system. A new teaching-operating method which uses LARTS/T called LDMSM (Language Directed
Master-Slave Manipulation) is also described.

The LARTS/T allows the operator to use language instruction and the master-slave operation
cooperatively while preserving the merits of each. The most important feature of the LDMSM is
that the structural contents of a task is written with a high level robot language and given to
the system before-hand. In this way the system can learn spatial points needed for the task
(environment) from the task performed by the operator following the movements derived from the
structure. As a result of this feature, operating the system serves to teach to the system in the
robot language.

In this paper, experiments performed on a prototype system are described. Results of these
experiments demonstrate that the LDMSM is a flexible and intuitive teaching method for a tele-
operator. They also show that the LARTS/T has the ability to learn environment and execute the

tasks in modified ways while maintaining the immediate usability of teleoperators.

Keywords : Advanced teleoperator, Robot language, Language directed master-slave manipulation,
Teaching, Environment learning
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