507

G &m0

2

seenRy b - 705F 25 X7 A COSMOS

N3 S A S - < A

REAL, MEEe A, PHRACERLE w5 1 v S Y AT A COSMOS ©oWnwT B bOTHS.
COSMOS i, Cognitive Sensor Motor Operations Study OMHTHS. BAEO =R, PEFE =F» M7
—akZOavie—3F, IRTEBEE BETEBELYY, BIV, 2—FAVE—Tf ALV BREh
B, RAMDIz=avE.—Riwfra2vE,—#i1GPIB TEAIN, ERe Ry b2V FRI-TH
BLTwS. vAF AIBEEEL L > TEY, ~—Fo=7, V7 y=7 L3R EYa—MbE JIUHRERE
DERINBHC RS> TWE. BR ATHEOFEYELRATO oD, YATAD V7 b y=TDER
it Lisp CERINTW5.

KBTI r Ay FEE AL/L (Assembly Language in Lisp) 2 Z0BEEFAEE VAT A, vy P Y
7oz TOMK, BIVF T Uy b EAVRERYAT ARDWTENS. riy PEEOLAERTE, BE
EFAOEENEE L BE R D T3 2 bR o, i, YATARBOWLERPBALT, 27V
o MAETFHET AL AL LTERTWEZE, BICCOSMOS Orfy +Fer/3i v 7vYATLELTD

BRMES TR S hi.

1. & L & (=

B Ay NI, BE BE TEHRER R ER
THB. TEHRY AMOBEAICECEREEAL 5 &=
Fy POWRIIFETORTER. Lrl, ThETH

RINTEIDOE, EERVEYEBELRILDOTHD,

BECEETLIBELLY, A—Fv 7 -7 LIHE
BTy, BErIEEREY., % HErAy b
SR CLDTHot. FTOERD—DLLT, E
ZERIATHTHLZERDT B, b 5—2D
KELERIE, mEy PO VAT AT S EASE
EIRTWIEWZ EThS. BIE AEe Ay b &
RTwWb30% 5 L, BREBEITEHRELBCES
Lo L orns. Lnl, SBIEREROEH
1, BT I-TC, XVEHETAKEELRrR, PYA
5 ADEREITHONETHSH. TOBC Ry 7 0D

DM, YAFALDOHEE, V7T OBRETHS.

LT ERSER, MRy PO VAT AERERICD
WTHIBNIT D &L, LEOMER Ay FRIRED

FREfT 1984 426 J 21 H
* BT ERA TR HIEE
B ORRAE LB T ER

BReFEy bERE 2865F -

HPEL s R_E e Ry P VAT ARIERT B OER
DETHS.

eEy PO VAT AL TAMEIL FLAERS
T\ 7oy, Stanford kZ2Tik, »Ay» FEFE ALY %
R AR TR ITFIVIVAT AEELD EREATWS.
AL BHHOBEL A0 A, FEELELTERED
DTHY, FOHEDOrAy PEEOFRIL AL T HEC
FhhT&i. LmLl, AL CREBEsFLOEENT
ST, FRATHREC FEOFEAR KIFEEC OV
TIEEEN B> T\W5b. —J, IBM Tk AML® % ~—
AL Ey FVATFADHEEER - TW54, AML 12
rE, FEEELTHEKELRCWEL, HoREE
FADBEIELTE LT, BEA~OKANEL BN
ThHD. ¥V, NBS CREBBEEDeHKy P VAT A
DR EZFT-TED, < LF T ety VHERO VAT A
ZERLTVEY. Linl, miy PEBREDO RO
V7 by =TT B RILER T D, FEREE
fe FOBATEE R IR TWio. WHE I OOWRIL,
WTFhbHEO R Ey FEBEREREL, Lo vRT
ADHBET I EVOIFEEZE-TWES. LAL, EH
DriEy FEBCIHEEOEER BUAEOFEELL Y
STETES LTLEENSL, ERVRAT ACIAH

- 1984 &2 12 A



508 : MNER H

ETHD.

AR CE VAT 2D ED . — L, HEREXERL,
Lisp® #<—ARLTw £y b HEAOEEEZARS,
VAT ADHE RN ot TV LA v
REEL, VAT ARERO S v AT HEIL, EEE
BEEEL, T wABTT - 20BEXITVEALM
BETTOTPEWS VAT 2R L -7, Zhi
o, i=azvi.—-21hé~M7ravda—%3
B 5 HER NN~ Py =T BIE, TA4RD
HEA» e Ay P EEAERECOLTOY 7 v =7
BHEAL, HERRERET, feB RED 55 v
AFAERERT S LRSI L. BTFTr, AlRET
BEZ% L7 Gl m Ay F A7 24 COSMOS (Cognitive
Sensor Motor Operation Study DM 12T, FEA
Figt, mE, PEBRLBETT L, VAT AER LA

Bl 2T NB.

2. & x* B B

COSMOS %, fifEr £y PEBRYRAFTATHD, A
HRIREREELTE, BFA77 v, FH, BE
Y, fEHREBRET o ABOfERERITLEL ERE
rROMmEE R Ry PEBEL TS, FEREL LT
BREBOLF - BE - HTEBELD.

COSMOS 1%, kD 28 FEAFHEL TS

(1) FEoiikee, TEisee BBEE ARLONEHE
FERER—OD VAT AL LTHAL, BELSTV
HigrE, bDF w24 FRHEETS.

(2) ZDOvARTFARY —LELLTELOHRELT,
ERLOREE Y AT ARCERTERY 7 by =T L
LCERTAHAIER LY, e, rOBRBIVEE
L DOANEFTT L.

D2 EEE, VAT AREEN, =2 a.—-aikd
ERLERHR IR TnA.

HROBEY BTy — v L UCHATER Y 7
Fo=7 & LTERTS L RRR LB, ETER
TH IR IS ATELEDTRNERDD. AWFET
i, B0V 7 Y=TRE, BRATHEOEERA
RATS L Fetien T, B v 7 r =712 Lisp %
BWCA v I Y AV F5 & L. Lisp i3 £558
EETHY, ry rOXIREHEHRO VAT A CHE
LTWwW5h. vk, REFERLRETHH4E, Pascal €
BhTR. TV I IOEHITELRTEY, KT
VARAOBEIRCRET AN L, BREEENERS R
BHHDOHRCILD, FPRO~— ¥ 7 =7 LEHFOH
BHTISEELTHEL.

HEErEy P VAT AR, WDOBDYV T VAT AR

JRSJ Vol2 No.6 -

FEER

LRERIhS. BADYV 7 VAT A0, HrlLic
SEEEMR L oL SREDBRDEY, RBERYRAT AR
Hash, 2OBIIY —LE LTHESTN 2 & TE
WEEBEHTHD. FORDEY 7 v =T LY, TE
DR ED . — bR ELTHIL, oS E

REWSBIEERD. BWEEF T VAAFECAEE
hék%ti&ibm,—o@%vi—w&L,%91
—~AHEA y e VORTELE LTIV I =7 =1
AL, BRYEBET LS L.

FED v 7 v o273 AThA FEER PR, <
AFFar A FXD OSSO rELED. FALARY
EEHALLY, vy F—-2x ANT5EER B
D<A eave.—2oE3esd. =4 r7rav
Yo —xk kR MFEBE, EREAELT GPIB Tfv
£—7 2 AAL, FHLOFALADBEN HBEXEHC
T3, F—FE—F, 27y b, BEANEBE Vo
= —FOANERER, EVCCEZHBIIHEBICTLS X
SRR DOE 2 T CHRS .

FlL\ VAT A OHERFEOECIL, LWALWADRT
SEEROSET DR\, FHEBO T L OBRT, RITR
ME &2, —BELELIIPHEEZEEDRDZ LD
BB, KVATACRTELETHEBLEDLEL,
BRENZ VAT AD VARV ANEL Ko T2k 2
TN EEZ TS,

3. ARy FEE AL/L LEEETIL

2y PEBOAEREL, BBRIRATeIST AL
DU DECEREERARETE S0 LB I
TDO VU, RV, Jgr S, Bffra
CAESRY. MBEEEKERLDOTHE. ELT,
BEOUVSAT » 7EITHII, I VBVUSATER
SRCEFY, BERBEREOSECRET L MERYIE
5T ETRATES. AWERTIEL BEVILDEILE
T, FUVIF 47 v_adawy FERRZDREL, &
fEVv_ADRBH S a2~y FEREYERT? RERYH
KL, Thbo v, FEEDO =75 A58EE
O LB3CRHIEST D ENTES.

FUITF 4 Ty F—ERGE

BV <A ERE—T eV 7T

HEY v SV EE-—EREEE
FEVSASE— IV EERT R /5 IV /SR
3.1 ALJL®

AL/L (Assembly Language in Lisp) (%, Lisp T
BHEEFNEEFL - AD==Eab—Y 2 VEETHS.
AL/L D#:ri3 Stanford k20 AL ©flTWw5%72%, 2%
HAERE - Tw5. BB, &L FLVWERBEE

—_ December, 1984



_ﬂ%uﬁyb-fniﬁsyiyx%A COSMOS

509

<program> :
<body> {<statement>}
<dec¢lare statement> {
<data type> SCALAR | VECTOR

( PROGRAM <program identifier>

( DECLARE <variable>
ROTATION |

<body> )

<data type> )
COORDINATES T TRANS

<assignment statement>_::=
<if statement> ::

<loop statement> ::
<exit statement> ::
<parallel statement
<process> :i:= { {<s
<signal statement>
<wait statement> :
<pause statement>

<affix statement>

tement>}

cae )

{ WAIT <event>

<relation> RIGIDLY l NONRIGIDLY
<unfix statement>
<assert statement>
<move statement>

<via clause>

<with caluse>

WITH

<open statement>
<close statement>
<center statement>
<stop statement> ::
<condition monitor>
<enable statement>
<disable statement>
<macro declaration>

e ||
=
=
H
o

;e
£

<macro call> ::=
<plan assignment statement>
<plan loop statement>
<plan exit statement>

e
v
I

b=~

{ SETQ <variable>
{ IF <condition> <then part>
{ LOOP {<statement>}
{ EXIT <condition> )
: ( PARALLEL {<process>} eee )

{ SIGNAL <event> )
PAUSE <expression> )
ATFFIX <coordinates>

{ UNFIX <coordinates>
( ASSERT <name> <slot> <datum> )
HEES ( MOVE <coordinates> <destination>
<clause> ::= <via clause> <with clause> | <condition monitor>
{( VIA {<coordinates>}

WITH APPROACH <expression> )
DEPARTURE <expression> )
<feedback expression>
DURATION <expression>
{ OPEN <hand> <width> )

( CLOSE <hand> <force> )

OoN [<label>]

1S " ENABLE <label> )
DISABLE <label> )

MACRO <macro name> {

{ <macro name> {<actual parameter>}
= ( %SETQ <variable>
{<statement>}
<condition> )

<expression> }
[<else part>] )

<coordinates>
[<relation> [<expression>] )

<coordinates> )

{<clause>} ...

I~

[ ( VELOCITY <expression> ).
[ ( DURATION <expression> )

— e

2
2

<condition> ( {<statement>} ... })

{ <parameters> )

{ <local variables> )
eee )
<expression> )

e )

<body> )

Fig.1 AL/L language syntax

THEVD, BEFETS vRy FEHEOPT AAE
LEL LD AL OF —xER X O S BILL
SBERERTHZEMDRERHB L. Lal, vYA
FADYEN, Te e a0hiERR ¥ # %, Lisp
WP ABDOSFEE L. Lisp 2 BW-EBlmiL, UTo
HTho.
(1) =-FrEREERTH LRI VA ER
DVSARIETSD & ENTRETHB.
(2) ATHEOFELXBEJTID ANhS T &V T&
5. '
(3) 28RO w773 v IIBECELTWS
—7%, Lisp # B3 BEOREELT,
(1) H—=TavrvzyIvEfEiFETss
FENDBHB.
(2) 7y aBELTHRTHL.
ZRETF O35 (1) 2owTiE, BFlryr—<v=v
7 a VEFRETALEOTEC L Y BRTES. i
(2) @2owTiE, riEy FERED K#EY BOHTRHE
v, XHR, Y Frwy, 3 THOEI S Lisp ©

Rom Ay MESEE

2%6%

5

T TwITARE

ST 5 2 & T HRIRTE S, Lisp 07 v
FYEYTF 4, TRIFTIVIVATFAELLTOERAX
HEXDE, TDXSERFGH- TRV DHIDTH
5.

Fig.1 & AL/L o2~ T. DT,
AN TRRB!

3.1.1 F—zxx47

HEWD 3KRTLEEDI-HI, SCALAR (245 <),
VECTOR (-7 + ), ROT (Hi), COORDINATES
(EEEER), TRANS () 0 F—7HEFFoTnb.
SCALAR %, g b, B, £%2FIT EBETH 3.
VECTOR i 3RTLME 7 b A%FE$. ROTATION
11EE&% %4, COORDIANTES 13, BFEERYET
DEEVHBRE. TRANS i3, EER H5WE<7 b
AMBOTHBEET. £F—F 24711, AREEEIR

AL/L o g5t

HoSx, VR MEEYEWC Tablel 0 X 5 EHIN
b, thp0F—2HEOBEEC DV, Table 2 0 X
5hBER Y ESETS.

3.1.2. BEOCEES
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‘Table 1 Data type of AL/L

SCALOR integer or real
| VECTOR (VECT (x} (y) (=) (1))
ROTATION (ROT  (nxy ox ax O)
{ny o4 ay 0)
(nz oz a; 0)
0 6 0 1)}
TRANS (TRANS (ny ox ax px}
(ng oy ay py)
(nz o7 az pz)
0 8 0 1))
COORDINATES (COORDINATES (ny ox ayx px)
{ng oy ay py)
(nz 0z az p2)
(0 0 0 1))

BEEFACHLWF— 22 mT %Kik, ASSERT
XEAVS. COIESHFCAVbh, RBREDOHH
FEAYESTS. 7 u 75 A THWATRCOWTIL,
DECLARE XX Ch b o U »HEEST5. fAizlE
BOX &\~ 3 FEESRAS (100, 100, 0) OB HB T &
BEEFTHIDRE, RO XSCERTHIZEL .

(DECLARE BOX COORDINATES)

(ASSERT BOX LOCATE-AT

(COORDINATES NILROT
(VECTOR 100 100 0)))

z =, NILROT i3 BOX o FEER1 Mt EER L
RUAEXTHB T L2ERTERTHS.

3.1.3. HEEER

AFFIX @ X'h EBoEE
BrERT 5. KO

#EE AL

X v BHREINSG.
(UNFIX OBJECT 1 OBJECT 2)
3.1.4 EfFitak
rAy b7 —20DEXIT MOVE & X0 STOP ¢
TEBXh, % DO FHEIL OPEN, CLOSE & X O°
CENTER X CHRIND.
MOVE OREIIIRD X 5ic5.
(MOVE tk> {BRy# (KIBEIED--D
BB 1T, BT HEOEEROLH, ¥1IT A0
ZRICHD. CHMHD 1T, 7 — AOBHED BELED B
FBERRRNCTH L. BHEH b BED BT
T EATES. B ik, VIA g, WITH &, %
LT ON D&MD E = 2 23&ET 5. VIA Stk
#EL, WITH i, #8E8 71, B IHELET.
BB, &ffr=2TRE=2) v IrIEEHE R
L, ThPBER o & ERETTREHELTEDETS.
WOBTIE, 7 — &% VIAPOINT %38 T BRICK ~
<. LT, ZEHAEO N 100g PRt hil7 —
AREIETA.
(MOVE ARM BRICK (VIA VIAPOINT)
(ON(>(FORCE ZHAT)100)
((STOP ARM))Y)
3.1.5 JueslSaeavir—n ’
AL/L 1%, Lisp HDAZBOERETHS. Lichio
T, &k, BELOHEHE Wik Lisp ORI
FEhRTwb. BF7 rwAD0RMcz PARALLEL ¢
TRVB. shit, =Ry FOBRHEEEOTRCERT

Table 2 Arithmetic functions

OBJECT 1 7% OBJECT 2 = %8 {!'+ ‘argl ‘arg?
(rigid) CHBFERTOBIEE | (11 rargl ‘arg
HELTWw3.
e . (% ’Zargl ‘arg2
(AFFIX OBJECT 1 OBJECT 2
RIGIDLY) {(t/ ’argl ‘arg2
#wirkEL (rigid affixment) &1, ('DOT  “v1 “v2)
EERA TR S B R I - Eggfg j:;
TWBHZEEWS. Tihhibb, (VECTOR “sl ’s2
(ROT ’v ’s)

OBJECT1 x> % OBJECT 2 (TRANS 7 79)

L E. ShCHL, 7 | (CORDINGTES ’r
£ (nonrigid affixment) 133E Eggimﬂ o)
?ﬂ‘%ﬁ:ﬁ@f—‘ﬁfﬁé 5. T bbb, (WRT ‘v 'c)t

(EBLER “¢ ‘6
(REV_ROT “r)
(REV__EULER “r)
(REV__TRANS “t)
(REV__COORDINATES

OBJECT 2 % gjihi¥ OBJECT 1
L8 < #5, OBJECT1 A3 EhwT
4 OBJECT 2 1282 7nt. #5H

o )
ses )

e )

ees ) quotient of arguments

’53)

’d)

’e) rotation and position vector of coordinates

sum of arguments

S+S=S,VHVEV, LHYSV,CHVEC
difference of arguments
S—8=§,V-V=V,0-V=C _

product of arguments
S5%5=S,S%y=y,r¥vay,Ir¥C=C, LRvEy

s/s=s,v/s=v

inner product

norm of vector

normalization of vector

construct vector

construct rotation

construct transform

construct coordinates

position vector of coordinates
orientatin of coordinates/transform

position vector in coordinate system
construct rotation from Euler’s angle
rotation axis and angle

Euler’s angle of rotation

rotation and position vector of transiorm

BIRD 77 & v MEZ, BlES
ThhH. ¥, HEBEMKZ UNFIX

JRSJ Vol2 No.6 —
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s=scalar,v=vector,r=rotation,t=trans,c=coordinates
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BB, FOELIRD X5 Tib.
(PARALLEL {7 m-zR>})
{7 2R BEWE B ChThiE e
v AR A< e Thh b,
SIGNAL 3¢+ WAIT X X ) FrxAd
FEi% & %.

(SIGNAL (A4 <v 1))

(WAIT {4 =V D

3.1.6 —~7 el

=7 wFHEEE, TS 7AORRYHE
b5 0B THB. MACRO XiT,
&~ v BHETS.

(MACRO (=7 =) (GBIED

KRETEED) <HH)

2V RAARR, VAT ARBEEFTL<
F=CrEAVWT~7 e BRI 5. £0O .
B 3B B e Bl bh, B
BEFANRBEBEINS. % IF x4
<27 wBB%fT 5. % LOOP UEEL
BHc Bvwbhs., ZEXIT XX B

(PROGRAM DISASSEMBLY
(DECLARE CYLINDER COORDINATES) X
(DECLARE CYLINDER~GRASO COORDINATES)
(ASSERT CYLINDER LOCATE AT (COORDINATES
(AFFIX CYLINDER-GRASP CYLINDER RIGIDLY

; declaration of environment

; motions. for disassemble
(MOVE RARM RPARK)

(PARALLEL
{ (GRASP RARM CYLINDER)

( (OPEN LHAND 60)

(TRANS ..... ))

;goto parking position

smotion of rigth arm
(MOVE RARM CYLINDER-GRASP)

{SIGNAL CYLINDER-READY)

(WAIT LHUAND-READY)

{PULL-~OUT)

(SIGNAL CYLINDER~LEFT)

{PUT-AT CYLINDER CYLINDER-PLACE))

;smotion of left arm
{MOVE LARM CONROD-PASS)

(WAIT CYLINDER-READY)

{CLOSE LHAND)

{AFFIX CONROD LARM RIGIDLY)

{SIGNAL LHAND-READY)

{(WAIT CYLINDER-LEFT)

{MOVE CONROD TOP-OF-VISE)))

BA— T LBHT 5.
317 TersaE
Fig2 c AL/L D7 e 75 AT 3. 2D Tr 73

AL, BEO=Y O v ONRIEEDO-BEERLE-LO

Ths. BEOTROENC, BrREEHI VXTI w5

AL X o TRERZEBR Lt b, 22Tl
v 75 Ak DERL. PARALLEL 2T 2%

DEZ T ) vEhbav e, Pl BEEL

HBLTWS. .
7w 7% A GRASP, PULL-OUT, PUT-AT i

<7 nCEETES. flzif, PULL-OUT, PUT-AT

BRO X >EEHREINS.

(MACRO PULL-OUT () ()
(MOVE RARM (!4+RARM (VECTOR 50 0 0))
(WITH (=(FORCE Y) 0))
(WITH (=(FORCE 2) 0))))
(MACRO PUT-AT (OBJECT DEST) ()
(MOVE OBJECT DEST)
(OPEN RHAND 60)
(UNFIX OBJECT RARM)
¥ 7, LARM, RARM RELEOHEOZLFM TH b,

CYLINDER, CYLINDER-PASS, CONROD 4

COORDINATES #Z#¥¢H»5. CYLINDER-READ-

Y, LHAND-READY, CYLINDER-LEFT {4 ~<v b

BTHSB.

CETEPRE

2%6%

— 7 —

Fig.2 An example program of AL/L

3.2 AL/L OBEEFLEELIFL

3.2.1 e FAOEE

v Xy FEEOAFERC E 5T, BIEEFARIEED
RELBEEASTHD. v, PEELABERIL Sk
BOBWET v 77 8% 7Y 37 4 TV_ADEfEz <
PRI BT S, CONERT 5 oD, ABRILR
WeRET T 2REHD, Bffeviav—1F LT, &8
B BT HEOMBERFREYIFECIEEL Tt
i,
REXITADUBIIETEREE T ANVEE Y AT 20T
v, SEOABERIBEETAERCAT ALK LT
=V FEREL, TR L TELRERNS, vy bv=
TDEY 2 —b - PWEEEELTCHAEE L. 4
v FEEOV-ABREL DR E, BEEFACKENRT
REF-Z2OBEIWEML, TOEHEIAT AREBER
PO D. BETTFAVBECAT ARTIRKRD X 5
NEETS.

(1) EBERAF-20EH

RO BEERERC AN MT, COEEEET 5.
B, BfEC IoTHESBRLAHATIL, Thd
DEX ABWREETS. NACT w77 3 v 7ESED
EROBEELUTHS. BfEv <10 eF, + SECH
Whhb.

(2) DHHOHEABEROEE
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BEO AR R T LD ERY Y v 7 TEREL,
mEBRO Xy b7 -2 REY EFE. 0V v IR,
HERMG MNMEBSREALTEL. BES Ll
HOBREEEL, #& )Y rxiknd, WhoE,
OMEL DRGNS L5 T, HEHLILD
wEy FEECBETHS.

(3) DB TsEROTE

HHEEOBRIE Ry V= 7 CEBTES. £/ F
DREYHRCHEEL, /- FRzoBEcET s ERY R
15, Pzl BEOKEE EX, MR & EE
B, ERARETHSL. ChOLOEHL, BESOHE
EREECRERROBEOMEBRLE LTFIBEhS.

(4) FECRCETLEROEE

=~ FERDEFRR T WO HE Y, fFE
CETAMESEBEE T VRCERL TR, v
ADeRy PEEOERCLETHD, Thicl-7T,
BfFOREZRET T AVEBRY AT ARTH > 2 &M T
2.

3.2.2 BT FAOEKEEO R

BEEOBAEGEIWECET S F - 2 2 RET R
ET v - AR RWE LEEN IV, £ ¢, COSMOS
Ti% Lisp ki FRL (Frame Representation Lan-

FEE R

guage)® ¥4 v 7Y A v b L, FO LCRET S ANE
VAT ROFER L.

RET IR, Fig.3 KRxd X okilis7 v—a
PEETS. ZROBHLT — 4, BICERLOEE
BERITAVAZVAZ7 V=21, AKO Vv 2i2r T
BE7 V-2 ERINT VS, AT 5 8EL,
MBRE P VR TIERELERI & & 2 b, FRL
DEEA ($IF-ADDED 7 4, }, $IF-REMOVED
7y PRE) RHAWTERLE.

THING 13, 7 v—2DOABEDL—  Ehhd 7 L
—ATHY, &BTO 7 Vv—ahb#EA»=Xa (in-
heritance) ZEBELTWw% AKO Jvrei-¥s1s
BTzl CcE& B, THING 7v—amit, PRO-
TOTYPE 2w, FPEHT5EHEROMNE, BIUHE
SERIB IR TW5B. PROTOTYPE Ru ., b2, &
Bovv—-aDfE e v T\ %. SCALAR, VEC-
TOR (Wl F— %24 7DPBJ{WIIT, APVAL 2=
vy MRERRAZH, BDOF = v 72155 KD SRE-
QUIRE 7 >y MCEEREX I T\ 5. COORDINA-
TES 7 v—ail, BEERO Y HET3-»0FE
ERERIN TS, iz, OBJECT, ASSEMBLY,
PART, SUBPART, BORE, STATION, HAND iz 4}
FHLTw5. #kT, £7C COOR-

(FASSERT
THING
(PROTOTYPE

{ $SREQUIRE
( (FREQUIRE
' (LAMBDA (VALUE)
{MEMBER

VALUE

' (SCALAR
VECTOR
ROTATION
TRANSFORM
COORDINATES
ASSEMBLY
PART
OBJECT
SUBPART
BORE
STATION
HAND
LINK
SHAPE)})))))))

(FASSERT
COORDINATES

(FASSERT ASSEMBLY (AKO ($VALUE {OBJECT))))
(FASSERT PART (AKO ($VALUE (OBJECT))))
(FASSERT BORE (AKO ($VALUE (COORDINATES))))

(FASSERT HAND (AKO ($VALUE (COORDINATES))))

($IF~ADDED ((FPUT :FRAME ‘AKO -'$VALUE :VALUE)))
($IF-REMOVED ( (FREMOVE :FRAME ‘'AKO '$VALUE :VALUE)}))

(FASSERT SCALAR (APVAL ($REQUIRE ((NUMP :VALUE)))))

(FASSERT VECTOR (APVAL ($REQUIRE ((IS_VECT :VALUE))))
(FASSERT ROTATION (APVAL ($REQUIRE ((IS_ROT :VALUE)))
(FASSERT TRANSFORM (APVAL ($REQUIRE ( (IS_TRANS :VALUE

{APVAL ($VALUE ((% (GET _TRANS :FRAME 'WORLD))})}))
(FASSERT OBJECT (AKO ($VALUE (COORDINATES))))

(PASSERT SUBPART (AKO ($VALUE (COORDINATES))))

(FASSERT STATION (AKO ($VALUE (COORDINATES))))

DINATES B O fE% & D ®
COORDINATES 7 1 — 4 & AKO
Y v 7 TR TS,

3.2.3 HABROKHE

LINK 7 v — A G ARG £5
LTws, LINK# 7 v — 20
PARENT % =, } iz COORDINA-
TES BOE 7L -~ 2% R L,
CHILD A w, b 3D COORDI-
NATES # 7 1 — A% BRI 5.
HOW-AFFIXED % =, b+ CEA
DFEEHFE L, TRANSFORM = =
v M CTHNABRGRERT. ¥k
COORDINATES 7 v — s b,
LINK#BO 7 v—0%7 7 A T3
1)) | #®k, PARENT-LINK } CHI-
LD-LINK ® 29D A ® o k%3l
F%. LINK#HD 7 v— a3 0B
CEETED IS5, WAWAKE
fFREEHTHLEN D v, Fig. 4
DX577 V— AREHEIRLTWVS.
BlZE, 7—aERESTWS

)
)
)}

Fig.3 Definition of primitive frames for the model manager
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%A1y, HAND 1, BOX, LINK-
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OF-BOX-TO-HAND1 ® 32
D7 v—rhfEbRD. LINK-
OF-BOX-TO-HAND 1 i3 HA-
ND1 » BOX DiEAMGEE
BLTHB7Vv—aThHb, &
bk Fig b tmT X ok
HERT3.

3.2.4 {BIES - LERCE

T 5 MO ERH,

BEAIMBCHEEDLOT
»5. Lid-T, OBJECT 7
v— A GRASP R wy, + %
U, BELACETS BfFA %
$IF-ADDED 7 >« } &
WBTH. ZoTIE, SEEOHIE
HoOfEA OBJECT #op 7 v —
4D GASP-POINT R w y ¢
KRAERDTE, BXO1
OHHFTH LTI, TESITL
DUV EWSFHED B &
Z, HOEIEEShS DL,
&5 2 00EIER B Eh
T 5.

HER (T e —FHELF=F s E0DD) 11, K
R 7 v— 4D APPROACH, DEPARTURE, %X
" DEPROACH 2w, MNeMBEYIERTS. HiEST
B2 AHIEES LA LT L0
OBJECT 7 L—4® GRASP zum, F bEELTWA.

AEERAy b - TRISFIVIVAT A COSMOS 513

(FASSERT
COORDINATES
(PARENT LINK
($IF-ADDED
({PUT_VAL :VALUE 'PROTOTYPE 'LINK))
( (PUT_VAL :VALUE 'CHILD :FRAME))

( (MAPCAR
' (LAMBDA (LINK)
(PUT_VAL
*VALUE
' TRANSFORM
(GET_TRANS
:FRAME

(CAR- (GET_VAL :VALUE 'PARENT)))) -
(REMOVE_VAL :FRAME :SLOT LINK))
(DELQ :VALUE (COPY (GET_VAL :FRAME :SLOT))))))
($IF-REMOVED ((REMOVE_ VAL :VALUE 'CHILD :FRAME))))
(CHILD_LINK
($IF-ADDED
((PUT_VAL :VALUE 'PROTOTYPE 'LINK))
((PUT_VAL :VALUE 'PARENT :FRAME)))
($IF-REMOVED ((FREMOVE :VALUE 'PARENT '$VALUE)))))

(FASSERT
LINK .
(PARENT
($IF-ADDED ((PUT_VAL :VALUE 'CHILD_LINK :FRAME)))
($IF-REMOVED
{ (REMOVE_VAL VALUE CHILD ) LINK :FRAME)Y
( (FREMOVE :FRAME 'CHILD *$VALUE))))
(CHILD
($IF-ADDED ( (PUT_VAL :VALUE 'PARENT LINK :FRAME)))
({ $IF-REMOVED
( (REMOVE_VAL . :VALUE ‘PARENT LINK :FRAME))
((FREMOVE :FRAME 'PARENT 'S$VALUE))))
(HOW_AFFIXED ($DEFAULT (NONRIGID))))

Fig.4 Implementation of afixment mechanism

72721, E4% PUT-SPECIAL-POINT &= X T, AP-
PROACH-POINT, DEPARTURE-POINT, & Xt O
DEPROACH-POINT 2w, FCfEAEAIHDS. X5
z, DEPROACH-POINT = w» ., ricfRAIRI{EIT,
APPROACH-POINT, DEPARTURE-POINT R = »

» BfFAFRE R

(ARM1

( TRANSFORM
($VALUE

(BOX (PROTOTYPE ($VALUE (PART)))
(AKO ($VALUE (PART))})
(PARENT_LINK ($VALUE (LINK _OF ARM1_TO_BOX)))
(CHILD_LINK ($VALUE (LINK_OF_] BOX TO _BOX_GRASP))))

(PROTOTYPE ($VALUE (HAND)))

(AKO ($VALUE (HAND)))

(PARENT LINK ($VALUE (LINK _OF | WORLD _TO_ARM1)))
(CHILD_LINK ($VALUE (LINK OF ARM1 TO _BOX) )))

(LINK_OF ARM1_TO_BOX
(PROTOTYPE ($VALUE (LINK)))
(AKO ($VALUE (LINK)))
(PARENT ($VALUE (ARM1)))
(CHILD ($VALUE (BOX))})

( (TRANS
(-1.000000E+00 0.000000E+00 -4.680949E-06 1.000002E+01)
{0.000000E+00 1.000000E+00 0.000000E+00 -1.000000E+01)
(4.680949E-06 0.000000E+00 -1.000000E+00 4.999955E+00)
(0.000000E+00 0.000000E+00 0.000000E+00 1.000000E+00)))))
(HOW_AFFIXED ($VALUE (RIGID))))

Fig.5 Example frames of afixment mechanism

HEwmAy MELEE 2565 — 9 —
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FOFT s A MEELTESRE
has.

D EDMEELT 5 7= DT,
OBJECT ¥ X ¢t COORDI-
NATES 7 v — 2z Fig.6 ©
Xo/mAawmy PREHLE.

33 ARy IEFOLER

DR
3.3.1 AL/LOQEROER
AL/L T, £EHRONE

NER T O EEA

(FASSERT
OBJECT
(GRASP
($IF-ADDED
{ (PUT_SPECIAL_POINT :FRAME :SLOT :VALUE))
( (REMOVE_VAL :FRAME :SLOT :VALUE}))))}

(FASSERT
COORDINATES
(DEPROACH ($IF-ADDED ((@ OBJECT GRASP))))
(APPROACH ($IF-ADDED ((@ OBJECT GRASP))))
(DEPARTURE ($IF-ADDED ((@ OBJECT GRASP)))
(DEPROACH_POINT
($IF-ADDED
((FPUT :FRAME 'APPROACH_POINT '$DEFAULT. :VALUE))

)

S, 1RAT—PAVIZE

( (FPUT :FRAME 'DEPARTURE__PQINT '$DEFAULT :VALUE))})))

R - ROEEVETHERY
EoTwb. AL/L ma#,  EEABREFEOTREY
BEy POFY 54 P~y FRFICEETS. g
DIMBRERF VAT 2B 5.

Fig.7 ic AL/L MEROER Y7+, AL/L 23 Lisp
WD ARTHD D, TOEEAERDLEREHBEE
HElb, VeART— AV IR2ELA T2t 2
— FAMEELTES., V—AAT—F 2V MIA—FR
Wah, BEEMNFhR5B. KK, macro expander
CLIVFA4 77 MELIEFREN~7 e REAE LS. <
7 e BRI AT — AV P EBAGT, Yial—2
CIVBE=FADF - 20BENTbhL L LI
2= FC R V=R EBLTEH TP =7 b 2— FAVER
Iha., #7027 ra2—FI4BE RS ERz<V
FIZHIET 2 30 ChD. BEEFAOMEZT DN

FFUAFAEL, QA YAF AOHKXTHELT WS,

BETFAOERIT 3.2 TR Xs it TE
b, ThLOBEEETTD L, #EA D = X828
FhEy BTAEX T h 3. LT Tk MOVE
OPEN, CLOSE, AFFIX, UNFIX O&4AF —+ 4V b
TOWTHME T A TY Rakimd. EED T v 75 AL
Lisp TEBENT 52, Z 2Tk Pascal BRDER
BiToTbh. get-KB LU put-TIRED FZ s BE
EFARBETLIERCHS. ZhHLOEBIIKRD 42
DEBEEFAEE VAT AND T 7 e ABEEPAGTE
£XhTw3.

(1) (GET-VAL ’frame ’slot)

ZVv—aDAry, bOVALUE 7 » 2=, FDEZES.

(2) (PUT-VAL ’frame ’slot 'value)

Trv—aDAu, b $VALUE 7 =, MO fER
it 5.

(3) (REPLAVE-VAL ’frame ’slot ’value)

ZVv—aDAwuy FD $VALUE 7 > v, FOERE
XD,

(4) (REMOVE-VAL ’frame ’slot ’value)

JRSJ Vol2 No.6

Fig.6 Impremetation of grasp point and departure point

AL/L
source statement object code
A
B i

Parser Motion Generator
li

I

i
W |
Macro Expander —=——=> Simulator

Model Manager

FRL
Macro [World Model

Model Management
System

Libraly

AL/L Language System
Fig.7 Configuration of AL/L language system

JVv—2aDAvy +O $VALUE 75ty FOfH va-
ﬁekﬁf?é.

3.3.2 MOVE toam (Fig.8)

(1) A=FRI>TEIDSF = » 723Thbh, OB-
JECT, FINAL, CLUASES 042 |HCfENRAShD.

(2) FINAL HEHLWITZOHEEL TW5HkY
L, F0{E%r LAST-POSITION i AT 5. ZDfE
¥, CLOSE XCOMBAVLh5. AEESL T,
Wk EL, BELTWS7v—aD 5L, £0 PRO-
TOTYPE 7% PART 5%\ ik ASSEMBLY @ 3, DTH
5.

(3) OBJECT B35\ %, £0#4&LTWv5% HAND
BF =y 735, b LHENE TCK HAND 2¥44k%
FoTwbDTHBh LML Licy. HAND s
R B PER T IIE OBJECT B ohihic@ L. 37
HLROEECHIET A AT =7 F =2 — FEERTS.

(OPEN HAND 60)

(MOVE HAND OBJECT (GET-GRASP OBJECT)

(GET-APPROACH OBJECT))

(CLOSE HAND 0) '

December, 1984



© = = T, GET-GRASP
X HhBEsFALLHUE
ExRDBH. Fi, GET-
APPROACH iz ¥ - OB-
JECT o APPROAGH /&
DRBEEZHETILERD
5.

(4) OBJECT #»HHA-
ND ~0 % #:475] XFORM
it ET 5.

(5) MOVE Xxox 7
T2 ba— FRERTS.
WOLSIeATo=271=
— FAERIRS.

(@MOVE {7 — & 4>

{departure 35>

AR D

{approach £>)

£ 1% COORDINATES

HOECEBEhS. AL/
LDODY—2ARAF—1+ AV}
T, FROEIREHD
BOMETREIRSD,
A7 =7 b 2— FTII,
7 - A DD FLE TR L
AR bicwv. £2T,
2 — FERBCEEOEY

BE=FALLHBELLE,
XFORM %813 T 7—4
DB THRTS.

(6) FORCE, TORQ-
UE i&ouwCig, CLAUSE
e FEETIUE, BEEY
HELLE 72271

MEErAy b TRIF VIV AT A COSMOS

515

statement move(OBJECT,FINAL,CLAUSES);
local XFORM, HAND;
begir:
parse_statement();
replace_val(LAST_POSITION,
_ get_affixed(FINAL, [PART ,ASSEMBLY]));
if is_hand(OBJECT) then HAND := OBJECT;
else HAND := get_affixed(OBJECT,[HAND]);
if (HAND == NIL) then begin
open_hand(HAND) ;
move {HAND,get_grasppoint{OBJECT),
get_approach(OBJECT),
get_departure(OBJECT));
close_hand(HAND);
end;
XFORM := get xform(OBJECT,HAND) ;
code_generate (@MOVE ,HAND,
get _departure(OBJECT) !* XFORM,
get_viapoints(CLAUSES) !* XFORM,
get approach(FINAL) !* XFORM,
get_trans(FINAL) !* XFORM);
code_generate(force_code(CLAUSES));
code_generate(torque_code(CLAUSES));
code_generate(conditon_code(CLAUSES)) ;
put_location(HAND,FINAL !* XFORM);
return(CODE) ;
end;

(1)
(2)

(3)

(s)

Fig.8 An algorithm of MOVE statement

statement open(HAND,WIDTH);

begin
parse_statement();
OBJECT := get_ affixed(HAND,[PART,ASSEMBLY]);
if (OBJECT != NIL) then unfix(OBJECT,HAND);
code_generate(@OPEN,HAND,WIDTH) ;
return(CODE} ;

end;

Fig.9 An algorithm of OPEN statement

statement close(HAND,WIDTH,FORCE);
local OBJECT;
begin
parse_statement();
OBJECT := get_value(LAST POSITION);
if (OBJECT != NIL) then affix(OBJECT,HAND,rigidly);
code_generate(@CLOSE,HAND,WIDTH,FORCE) ;
return(CODE) ;
. end;

Fig.10 An algorithm of CLOSE statement

- FRROBARTERTS.

(@FORCE <(g&d> <)

(@TORQUE <Ex> <fE»
GlEe=2DWTiE, ROX3KE=FYV V7T rt
AT D 2 — YRERTS.

(@ON <(=x=2x4> <8F

(@ENABLE <z =2x4))

(@MOVE---)

(@DISABLE <(xz=2%4%4>)

@ON XpE=x2) v nLADEEYXTT 5. @EN-
ABLE XD, DT r A% Ax—} Lk @
MOVE #2473+ %. @MOVE 23 T3+hiE, ==Y

HERr Ay 15458 2565

v 77 erAgE L85, FORCE, TORQUE, DU-
RATION #i, ON i 2Tk, BED L AEFY
AT LB DEBRBREEL R > Tt

(7) HAND oE7EfrBE% FINAL 1+ XFORM o
EETS. ko AL/L 25—t 2 v+ EELCEETD
5.

(ASSERT HAND LOCATE-AT

(1% FINAL XFORM))

Thicky, BE=TAROT - AOMNBIEEINS.
PERCOWTILT — 2 CHEEIR T, BT —
£ DEEDNE I o\,

(8) ERINFATU=27ta— FAELLTES

1984 4¢ 12 §
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ha.
3.3.3 OPEN o M
(Fig. 9)

(1) <~—FrX i
F = v 7 %7\, HAND,
WIDTH w5l #fRAT
5.

(2) #ptkxob AR
B¢ OPEN » -l hb
i, ok Tans
BRy @Rl hEnd
e\ Fo¢, HAND o#
31 TW5 1k (PART
%713 ASSEBMLY) #iE
L, »IEromEcrL
-C UNFIX %43 5. UNFIX
O MBI 3.3.5 i R T
%. ToOMEY OPEN A
THEMETS Z &L,
OPEN X » i UNFIX
NHEBATHLHENLL T
5.

(3) WIDTH %3 &
LCHT V=7 2= F%
BT 5

(@OPEN (v ¥XIE)

(4) BERLEA 7Y =

72— FRELLTET.

3.3.4 CLOSE XD AHE
(Fig.10)
(1) ~A—FI XX
F = » 7 %17\, HAND,
WIDTH, FORCE = 3|#(

RATS.
(2) CLOSE &, 4k
BOPURCETTLINT

5. TOLEEIE AF-
FIX Y& AVWCBE:ES

NEHLTHEDOHEBEGREERET 2 LE1DHD. 20

statement unfix(FRAME,PARENT);
begin
parse_statement(); (1)
LINK := get_link(FRAME,PARENT); (2)
if (LINK != NIL) then begin
remove val(FRAME,parent link,LINK); (3)
affix (FRAME,WORLD); (4)
end;
return(LINK}); (5)
end;
Fig.12 An algorithm of UNFIX statement
{PROGRAM EX2
(DECLARE INITIAL_POINT COORDINATES) N
(DECLARE FINAL_ POINT COORDINATES)
{DECLARE BOX PART)
(DECLARE BOX_GRASP COORDINATES)
{ASSERT
INITIAL POINT
LOCATE_AT
(COORDINATES NILROT (VECTOR 300 300 100)))
(ASSERT @)
FINAL_POINT
LOCATE_AT
(COORDINATES NILROT (VECTOR 300 -300 100)}))
(AFFIX BOX INITIAL_POINT NILTRANS NONRIGIDLY)
{AFFIX
BOX_GRASP
BOX
(TRANS (ROT YHAT 180) (VECTOR 10 10 5))
RIGIDLY)
(OPEN_HAND ARM1 50)
(MOVE ARM1 BOX_GRASP (APPROACH (VECTOR 0 O -10)))
(CLOSE_HAND ARM1 20)
(MOVE
BOX
FINAL POINT
{DEPARTURE (VECTOR 0 0 10))
(APPROACH (VECTOR 0 0 10)))
(OPEN_HAND ARM1 50)
{MOVE ARM1 BPARK (DEPARTURE (VECTOR 0 0 -10))))
Fig. 13 AL/L program to move block
3.3.5 AFFIX wos®E (Fig.11)
AL HEMET 5 T D, LAST-POSITION o {ED (1) A= lbh BXF=-y 7%\, FORCE,

NER FA O HEEA

statement affix(FRAME,PARENT,TYPE,TRANS);

local LINK;

begin
parse_statement({);
if (get link(FRAME,PARENT) == NIL) then

generate link(FRAME,PARENT);

LINK := get link(FRAME,PARENT);
TRANS := calculate transform(FRAME,PARENT,TYPE,TRANS);
replace_transform{LINK,TRANS);
replace_affixtype(LINK,TYPE);
return(FRAME);

end;

Fig.11 An algorithm of AFFIX statement

NIL Trhlthuf, F0WEeLTkD AL/L A5 —
FAYVFERETTS.

(AFFIX OBJECT HAND RIGIDLY)

(3) WIDTH, FORCE D{E%#FEL, #7Y=7
- FRARTS.

(4) BERLEA 7Y =2 1ra—FEELLGET.

JRSJ Vol2 No.6

PARENT, TYPE, TRANS 043 ExRATS.

(2) FRAME, PARENT BoBEG*ET VIV 27
L— AR BN E 5% getlink THN, 7w hik
generate-link WX h Vv 277 v—a%ERTS. 20O
FXxww v, Fig.5 0L o hEaBEGREET 7 v—-2
REHZIhD.
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WORLD
*BPARK
+ARM1
+INITIAL,_ POINT
+BOX
*BOX_GRASP

+FINAL POINT

(a) initial state

WORLD
*BPARK
+INITIAL_POINT
+FINAL POINT
+ARM1
+BOX

*BOX_GRASP

(b) final state

(TRANS (EULER 0 90 0) (VECTOR 550 0 600))
(TRANS (EULER 0 0 0) (VECTOR 0 0 0))
(TRANS (EULER 0 0 0) (VECTOR 300 300 100))
{TRANS (EULER 0 0 0) (VECTOR 0 0 0))
(TRANS (EULER 0 180 0) (VECTOR 10 10 5))

(TRANS (EULER 0 0 0) (VECTOR 300 -300 100))

(TRANS (EULER 0 90  0) (VECTOR 550 0 600))
(TRANS (EULER 0 0 0) (VECTOR 300 300 100))
(TRANS (EULER 0 0 0) (VECTOR 300 -300 100))
(TRANS (EULER 0 90 0) (VECTOR 550 0 600))
(TRANS (EULER 0 0 0) (VECTOR 300 -300 100))

(TRANS (EULER 0 180 b) (VECTOR 10 10 5))

v 77 v—arth®o HOW-AFFIXED
# 10 TRANSFORM % = o + O
$VALUE 7 5=y +%, & h 03|
BOEEHELLLOCEE RS,

(4) AFFIX Si3mEige 5 ucfE
HAT50HTHY, #7027t a—

FxAERE L. 22T, FRAME %
fELLTELTWS.

3.3.6 UNFIX oo L3 (Fig.

12)

(1) A—FEIVELF = 7%
f7\», FRAME, PARENT oD %3[%
RERRATS.

(2) FRAME, PARENT R0y
VIZTU—AERDS.

(3) L, VvZovLr—oiifE
FThif, F0Vvr 7 v—awklEt
%. ZOEHE AT, FRAME © PA-
RENT-LINK % X U¢¥ PARENT o
CHILD-LINK I h3.

(4) %7, AL/L Ciz4&Tofk
Y, BEEHSVCIEREENT T v
& WORLD &3 hTw5. 2z

Fig.14 Transition of environment model in the block

move program

* represents rigid affixment
* represents nonrigid affixment

¢ FRAME % WORLD wk#4&35%.
(5) UNFIX % AFFIX [#, B

BeFACElT520%CH%. UN-

FIX iz LINK #{H & LCES.

(@OPEN ARM1 50)
(@MOVE
ARM1
(COORDINATES

(COORDINATES
(@CLOSE ARM1 20)
{ @MOVE

ARM1

( COORDINATES

{ COORDINATES

(COORDINATES
(@OPEN ARM1T 50)
(@MOVE

ARM1

(COORDINATES

(COORDINATES

(-1 0 0 310) (0 1 0 310) {0 0 -1 115) (0 0 0 1))

(-1 0 0 310) {0 1 0 310) (0 0 -1 105) (0 0 0 1)))

(=10 0 310) (0 1 0 310) (0 0 -1 115) (0 0 0 1))
(-1 0 0 310) (0 1 0 -290) (0 0 -1 115) (0 0 0 1))

(-1 0 0 310) (0 1 0 -290) (0 0 -1 105) (0 0 0 1)))

(-1 0 0 310) (01 0 -290) (0 0 -1 115) (0 0 0 1))

(0 0.1 550) (01 0 0) (-1 0 0 600) (000 1)))

3.4 ERLIUEE

lesmﬁoﬁﬁfnjaA%%
T. OQOWHREREOESHETH Y,
ZOWAyDORBE T I BOBREE S
AADREE, Fig. 14 (a) DXok
B, T TCRPEEET L v — 2
DEBHEDOZEELTWE. DS w
75 AR ETBROBEE T ANDREE
%, Fig.14 (b)) D X 3BT 5.
FLT, FiglB R/ T+ 7o =71
2— FAEREhS. 2O = .
2v kO Lisp { v &7 Y 22 H T
#1200 fpsdnote. AL/L DY —R R
F— bt AV 154D 10 BEEOL

Fig.15 Generated object code

(8) Vv7s7v—rDAH% LINK KfRALTE
. AFFIX xD3{%®» 5%, TYPE, TRANS 1347
YavThHB. HL, ThHREESRTWVWRIE Y

B&rKy FELEE 2565

BEMEETLZERAS. bk,
VAX-780 @ Franz Lisp T4 # 200
B, v r AT EH 20 il

AL/L ABROMBHEEII e DBV, Zhit, FRL
RESLBEEFAVEBEVATAREALTVWANRLT
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518 INEEE T

BB, F-22BHTHLOR, MR =Xakics
> C BE7 V- AROFRETEL, ThERTT5.
EEMEL LT rEy FEEABERCKT RS
FAOEBEFT 511k, FRL W5 BRMEIRKL,

¥7z, FRL OENRETHEEG5 D TRigy. &
EtokEiEoMB L, Thi2ERTEEROREET
NEBUAF ADERNPLETHS.

AL/L 0B F iz, BAERrrTsA—F0F
=y 704 =FAROHBEBBC OVWTINEEAEYSF
=y ZL TR, ZRBiIxT e 73 < EERERD
RTWS. Linl, B FVEEoKER A, &

LA2FLORE—BEOF = » 7DD, =T —Rtk

BOMEHEL DT, BETTAVOEEFECOWT
EOEMENLETHS.

4. BRETOITFT7IT

BETIE Bfirao rEy FPEE AL/L ©ownw
TRz, KETE, COSMOS o v A5 AR OW
TBRD. vy PEBECIVREBIh LT R 7TF A1,
EELBRC I VEVSLOERBEHIND. B
NIRERL, B VAT 2EEDLN, ZORREETT
BB T VAT AD 2= NFIEBENS.

':

AT L

Table 3 Primitive commands

FEE R

EBI, D a2~V FERIRLH T VAT &1L, &
TP a— AW LTCa~y FE%DL. ZOL5ELD

L, vEy DS RIT IV VAT AOERIT, BB
BECTSCEAERTHAD, COSMOS 3L, 20Jjit%
ot

41 awr FHR

vy PYARAT AR, L(Oﬁ@#7/XTAlD%
BRENRBP—FAYAFATHD. LT, VAT LAY
FoTHAT = 75 2k lEBBEIL, AT ARED
MTBEERE L Th v X 57cd O L TED
tﬁh@t%kb.%tf,byfv&»f%#ivz
T AEBEREL e HOER= vV FEARELTSHE,
VT VAT ADHEBIET T e 7Ry 7 AT B R E
Tz,

COSMOS Cif, vily bDA—Fw=7ELT, &
GRS EET A -»D e R,y 7 — 4, SEESR
MEROFVEN 27, REBREE L TRy
L. shbeonwTERa <V FE2RELL. Th
tz, Table 3 D X5 HEINDB. ThfD 731 A
ConTd, ARy FERETIIER LD VA
T ANDHAZ BB TED.

Py FvI Lisp 1 V&7V XThHD, ThbHD

EER=2~v iz, £hTh Lisp OFfE

status
ERROR-CHECK

CUR-COCRD,CUR-POS,CUR~-JOINT,WIDTH,

L“C%_%éh’(u\z). Lichion T, =—%
R LOMEEEGCTHL  BREER
LT, BEDO A, P YATARE

motion mode
ALLOW-ERR, INALLOWERR

VELOCITY,LOADING,FORCE,SERVQ,MOTION,

BRBHETH L ENTED. A iy
vtz Eel, FO/RBYHEO T

Arm Functions

MOVE ,MOVE-X,MOVE-Y,MOVE-Z ,REACH, SWEEP,

BE)S 2 THET 5 BF CENTER 1,

otion LIFT,ROLL,PITCH, YAW, J-MOVE, OPEN-HAND . .
ROLL ,PITCH, YAW, J-YOVE, ' <y Fig. 16 o5E
CLOSE-HAND k=< FafioT Fig 16 0L 51E
HTEL. ZOXSRLTERLER:
miscellanious | DATASAVE,DATASAVEEND,DATANOVE, ARN-RESET, BnT, ILEBoEEYEREL TR
ZEROING )
Lt ry, YATARBEGEBR TEXSD
Tactile Sensor Fumctions SENSOR, STOP-SENSOR , SENSORSTAT, SENSORVALUE, | T TH 5.
THRESH 42 n—EYTTER

arm sinmulate
XANIPULATOR,CUBE

SIMULATE,DISP-COORD,PLOT-COGRD,

Fig. 17T @ v AF aD~— F o = TR,
Fig. 18 R v AT a& R % 7. fTEERE

ELT, WEREREORRYE L, 6+1

Simulate INITG,VIEWPORT,VIEW, SCREENSIZE, INITTRANS,
Functions . CLEAR,WIREFRAKE ,HOVETO,DRAWTO, TRANSLATE,
30 graphics ROTX,ROTY,ROTZ,SCALE, INTENSITY,
WORLDTOVIEW,WORLDTOSCREEN , SAVETRANS,
SETTRANS, DRAWTEXT
) data STILL,MEMORY,WINDOWDUMP,WINDOWLOAD,
Vision acquisition THAGEDUNP , IXAGELOAD , WINDOW
Functions -
visual DIMINISH,EDGE, THRESHOLD, THINNING,
processing FIND-BLOCK,FIND-LINES

JRSJ Vol2 No.6

BHEECMHSHMAR7 — 2 OEFRAL T
5. DC +—Re=—Z2HETH b, WRKE
Ei3f 1kg Thn (Fig.19).
REBRMOATEEEL TR, 7D
ASEERINIAA—DT U—A» 2
Y (768x512x8) #H\, A PD I =
2V . —% (F—x€%5 1 Eclipse
S/140) A v E—7 =24 A INTW5H
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MEErABy b FRIF IV AT A COSMOS

AA~Y s ZV—A « 2EYDOREBILE
=X FVELRREND DT, ZORE
W77 40 2 F 4 AT VAEBELT
LERINRS. bR, FVvEIAFE
HALT 3RTERNMERD V—¥FA
Ay b RAF L FHRBRINT S,
Er Y, AMVALVE—-DRE
S b DT, H5FREO0.3g LT EHET
By, 2KOHEDOHM 1 ET R A
THhTWBY, vy RELT =
AL VAINAY D 16 €y F =4
e rr, v TMS 9900 % H Tk
D, TOF e, VX7 —Ar2V P r—
AFD TMS9900 & <5 L K=} T
EHINTWE, fAMDI=aviz
hbo<=A4 =243, GPIB T va—7
=24 AINTW5B.

(LET

(LET

(DEFUN CENTER NIL

((L NIL) (VSAVE (VELOCITY)))
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(SENSOR 1 'ON)
(OPEN 0)
(SETQ L (SENSORSTAT))
(COND
((AND (CAR L).(NOT (CADR L))) (CENTERO 1))
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(STOP-SENSOR)
(SWEEP
(COND
((EQUAL N 0)

( / D
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Fig.17 System configuration of COSMOS
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Fig.19 Hand-Eye device
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COSMOS : A Total Programming System for Integrated
Intelligent Robot*

Tsukasa OGASAWARA** Hirochika INOUE#***

............................................................. o ABSTRACT :

This paper describes robot language and software constructs of total intelligent robot, that is
designed and implemented as general purpose research tool for robot system studies. The system
is called COSMOS which is an abbreviation of Congnitive Sensor Motor Operations Study. It consists
of high level robot language, arm and its control system, three dimensional vision, sensitive tactile
sensor, and user interfaces. A host minicomputer and microcomputers are connected with the GPIB’
bus, and they communicate using primitive robot commands. The system consists hierachical control
structure, and has modularity and extensibility in both hardware and software. For convenience of
future extensions toward artificial intelligence technique, major parts of thé system are implemeted
in Lisp. Description of this paper includes robot language AL/L (Assembly Language in Lisp) and
it’s environment model xﬁanager, structure of integrated robot software, and programming through
tablet menu.. - First, design principle is described. Then, the language syntax of AL/L and construc-
tion of it’s language processor is explained. We recognize that an environment model manager
plays an important role in the compilation of manipulation programs written in robot language.
Through our development of teaching programs, it became clear that tablet is a good teaching
device, and the system is effective for robot programming. This paper also discusses technical
problems for future study.

Keywords : Robot programming, Robot software, Intelligent robot, Robot language, Environment

’ model
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