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3 .37 FRBEOVIKE

FRAME beam, beam_hole;

FRAME bracket, bracket hole, bracket grasp;

FRAME bolt;

beam <- FRAME(ROT(Z,90*DEG),VECTOR(10,6,0));

beam_hole <~ beam*TRANS({ROT(X,-90*DEG},VECTOR(3,0,7));
AFFIX beam hole TO beam;

ASSERT FORM(DEPROACH,beam_hole,TRANS{NILROT,VECTOR(0,0,-3));
bracket < FRAME(ROT{Z,45*DEG),VECTOR(20,14,0));
bracket_hole < bracket*TRANS{ROT{180*DEG),VECTOR(3,3,0));
AFFIX bracket_hole TO bracket;

bracket_grasp < bracket*TRANS(ROT(X,180*DEG),VECTOR(0,3,3));

AFFIX bracket_grasp TO bracket RIGIDLY;
bolt =~ FRAME(ROT(Z.BO*DEG)*ROT(XJBO*DEG),VECTOR(]G.BG.S));
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example:BEGIN

"world model description here"

OPERATE YFINGERS WITH OPENING=3*CM; --.-.. (4)
HOVE YELLOW TO bracket grasp;  ...... (€=
CENTER YELLOW; ... ........ )
bracket grasp <- YELLOW; }____ (=

AFFIX bracket TO YELLOW; -

HOVE bracket_hole TO beam_hole;

OPERATE BFINGERS WITH 0PENING=3*CM

MOVE BLUE TO bolt;

CENTER BLUE;

bolt < BLUE; R C D)
AFFIX bolt TO BLUE; -

MOVE bolt TO beam hole + VECTOR{G,0,-5.3) URT beam _hole;
WITH FORCE=0 ALONG X,Y OF BLUE
ON FORCE(Z WRT BLUE) > 60*0Z 00 STOP BLUE; }"'(“)

OPERATE YFINGERS WITH OPEMING= 3*CH;

UNFIX bracket FROM YELLOW; ~} .- (R

AFFIX bracket TO beam;

MOVE YELLQY TQ YPARK;

OPERATE BFINGERS WITH OPENING=3*CM;

UNFIX bolt FROM BLUE:

AFFIX bolt TO beam;

MOVE BLUE TO BPARK;

WRITE("Finished");

END example;

B339 ALIEIBEETRISLHA(ZNL)

example2 2BEGINT °
“world model description here"

COBEGIN
ypickup:BEGIN
grasp(object=brackat, grasp_point=bracket_grasp, opening_for_approach=3*Ci);
MOVE bracket_hole TO beam hole + VECTOR(0.0,-3} WRT beam  hole;
MOVE YELLOW TO @ + VECTOR{0,0,6) HRT beam ho]e
GN FORCE (Z WRT beam_hole) > 50*0Z DO STOP YELLOW
ON ARRIVAL DO ABORT(“'ERROR' bracket went too far");
END ypickup;
bpickup:BEGIN

grasp(the_arm=BLUE, the > object=bolt,grasp_point= bolt ,opening for ~_approach=3*CH4);
END bpickup;
COEND;

MOVE bolt TO beam hole + VECTOR(0,0,-5.3) WRT beam ' hole;
normal_search(BLUE,0.2%CH,1.6*CM, 60*02 ,9);
MOVE BLUE TO 8 * FRAME(ROT(Z 9D*DEG) VECTOP(O G,4))
ON FORCE (Z WRT BLUE) > 60%0Z DO STOP BLUE;
COBEGIN

parky:BEGIN
release(the object=bracket,the_opening=3*CH, the _new_parent=beam);
MOVE YELLOW TO YPARK;

END parky;

parkb:BEGIN

release(the_arm=BLUE, the _object=bolt,the_opening=3*C4, the _new_parent=beam);
MOVE BLUE TO BPARK;
END parkb;
COEND;
END example2;
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1. OPERATE nutfeeder WITH car-ret-tab-nut AT fixture.nest
PLACE bracket IN fixture  SUCH THAT bracket.bottom
CONTACTS car-ret-tab-nut.top
AND bracket.hole IS ALIGNED WITH fixture.nest

3. PLACE interlock ON bracket SUCH THAT

interlock.hole IS ALIGNED WITH bracket.hole

AND interlock.base CONTACTS bracket.top

4. DRIVE IN car-ret-intlk-stud INTO car-ret-tab-nut
AT interlock.hole
SUCH THAT TORQUE IS EQ 12.0 IN-LBS USING air-driver
s ATTACHING bracket AND interlock

NAME bracket interlock car-ret-intlk-stud car-ret-tab-nut
; ASSEMBLY support-bracket

E3-3-11 AUTOPASSILLBEET RS T 400

State change statement

PLACE object] ON object2 gnsping {inal-conditions contains then-hold
INSERT object IN receptor position semson then-hold

EXTRACT object distance senson

LIFT object distance

LOWER object ONTO surface senson then-hold

LOWER object distance senson then-hofd

SLIDE object ON surface-slide-termination then~hold

PUSH object -direction UNTIL final-condition then-hold

ORIENT object SUCH THAT pasitional-condition senson then-hold
TURN rotor turning-condition rotation-axis then-hold

GRASP object grasp-position- hand-position grasping-fonce

OVE spatial-featune final-condition

MOVE spatial-feature TO position final-condition

MOVE spatial-feature motion-specification final-condition
RELEASE

Tool statement

OPERATE tool Load-List tanget-position attachment
final-condition tiol-paameten-List then-hold

CLAMP locking-device SUCH THAT final-condition

UNCLAMP locking-device SUCH THAT final-condition

LOAD tool foad-Lisi

UNLOAD tool foad-List

FETCH tool from-holden

REPLACE tool Zo-hofden

SWITCH tool ON/OFF

LOCK locking-device attachment

UNLOCK locking-device nelease

Fastener statement

ATTACH fastener second-faslener 10 target-position side-attachmant
final-condition

ORIVE IN drive-fastener target-position final-condition
usng-drdver attachment driven-parameien-£4s4

RIVET obfect-24s2 target-position side-atiachment

FASTEN objectl TO object2 more-objecis WITH fastener tanged-position
f {nal-condition

UNFASTEN fastener-1ist spurce-posdtion nelfease iargel-posifion

Note: Any statements in the above three classes may be preceded by
a qualifying hand specification. WITH hand-name. ... ..

Miscellaneous statement (partial listing}
VERIFY inspection-condition inspection-action-list
OPEN STATE OF locking-device IS final-condition-list

NAME object-1ist ASSEMBLY assembly-name
END

H3:3:12 AUTOPASSO>>4292 2R

(3) LAMA (MIT-.AI3 %)

Language for Automatic Mechanical Assembly DEEHR,

LAMAi, MITCBRE IR TW5, BBOMIIFELNRELLEKED T v 7S5 I VI AT LTH
%, LAMAWILISPTEZARTE Y, {EELMLZERS - 3+ 130X WA TRBIND,

LAMAW, otk mr73ak, JIRERERLBEDEITANDL, v=Cab—2BETLY>5 7

R 5 AnERT S, BEOE TG, BEAKEAMEERL LeEAFEE T L LTBRS NS, Z0E
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TAERCT, FEERCAEOYELER LR L 5 IEHO S A REL, ¥, MIFEYETT 515
DN NTFREE R, BT 4 -2 2PETS,

LAMAH; MR OVIAOERMEC S 22\ 0, BEOKRBFEL BHcHH, ALLAUTOPASSz i~

« AROBNERL OBESI 05, FENREKETE~RETHI0E, 5 LIES BN D &
5 h—:uﬁ’);h Z) o

(GRASP 0BJ: [PISTON-PIN])
(PLACE-IN-VISE 0BJ: [PISTON-PIN]
SUCH-THAT: {PARALLEL [PISTON-PIN] [TABLE]))

(UNGRASP 0BJ: [PISTON-PINH])
(GRASP 0BJ: [PISTON]

SUCH-THAT: (FACING+ ({PISTON] TOP) DOWN))
{INSERT OBJY: [PISTON-PIN]

0BJ2: [PISTON PIN-HOLE]

SUCH-THAT: (PARTLY (FITS-IN 0BJY 0BJ2) 0.25))
(UNGRASP 0BJ: [PISTON])
(GRASP 0BJ: {PISTON-ROD]

SUCH-THAT: (FACIHG+ ([ROD- BAR] TOP) uP})
(INSERT 0BJ1: {PISTON-PIN]

0B8J2: [PISTON-ROD SMALL-END-HOLE])
(UNGRASP 0BJ: [PISTON-ROD])
(GRASP 0BJ: [PISTON])
(REMOVE-FROM-VISE 0BJ: [PISTOM])
(PUSH-IRTO OBJ: {PISTOM-PIN]

SUCH-THAT: (AND (FITS-IN [PISTON-PIN] [PISTON PIN-HOLE])
(FITS-IH [PISTON-PIN] [PISTOH-ROD SMALL-END])))

(UNGRASP 0BJ: [PISTON])

E3+3:13 LAMALE 32T 025 400

(4) ALL (EXBERIFED

COEEAE R Ay BBV AT AHEAL -V L LTHRESALIDOTH D, ZANKCE ALV
7*—F@ALKEUt%ﬁKkofb5ﬁ\ﬁ%\ﬁ%%%ﬁE\ID%E®AI%%&&%ﬁﬁAT%E
XL thbhboTkh, FoldroEEaLispodhicfliiihic s v s 7 IV I/ v AT ALTHRES
ﬁ”%h(\z‘z&o X .
@3*3'14KML®yvﬂy7x%\it@3-3-15KML®fn¢3A%&m¢o

(PROGRAM EX2
(DECLARE INITIAL-POINT COORDINATES)
(DECLARE FINAL-POINT COORDINATES]
{DECLARE BOX PART}
(DECLARE BOX-GRASP COORDINATES)
(ASSERT INITIAL-POINT
LOCATE-AT
{COORDINATES
NTLROT
{VECTOR 300 300 100)))
[ASSERT FINAL-POINT
LOCATE-AT
{COORDINATES
NILROT
(VECTOR 300 -300 100}))}
{AFFIX BOX
INTITIAL-POINT
NILTRANS
NONRIGIDLY)
{AFFIX BOX-GRASP
BOX
{TRANS {ROTATION YHAT 1§0)
(VECTOR 10 10 5)}
RIGIDLY)
{OPEN ARM 50)
{MOVE ARM
BOX-GRASP
{APPROACH (VECTOR 0 0 -10}})
{CLOSE ARM 20)
{HOVE BOX
FINAL-POINT
[DEPARTURE (VECTOR 0 0 10)
{APPROACH (VECTOR 0 0 10}))
{OPEN ARK 50)
{HOVE ARM
PARK
{DEPARTURE (VECTOR 6 0 -10})})

K3-3+15 ALLOTRISLE



gprogramy === { PROGRAM ¢named {(variable declaratiom ¢body) )
{variable declaration) === ({((data type) {Cvariabled} ... )_‘) e )
<data typed === SCALAR | VECTOR | ROT | FRAME | TRANS | EVENT | PLAN
Cbodyd === ({{statementd} ... )
(assfgnment statement) === ( SETQ <variabled {expression) )
<if statement> == { IF <conditiond {then part) [Celse partd) )
{loop statement) === [ LOOP {{statementd} ... )
Cexit statemeat) === { EXIT <conditiom> )
(parallel statementd === ( PARALLEL {¢processd} ... )
Cprocessd === { {{statementd} ... )
{signal statementd === { SIGNAL <eventd )
(wait statementd === ( WAIT Ceventd )
Cpause statementd === ( PAUSE {expression> )}
{procedure declaratmn) =a= { PROC <name) ({<forma} parameter)) - )
{variable declaratiord <body> )_
{formal parameter> =a2= ( {data type) <{variabled )
{procedure calD === ( <(named {<actual parameterd) ... )
<affix statement> === { AFFIX <fram® <framed> (<relation> [<{expression]] )
{unfix statementd === [ UNFIX ramed <{framed ) .
<move Statementd === ( MOVE <framed (destinatiod [({<claused} ... )] )
Cclaused === (via claused| Cwith claused [¢condition monitord
Cvia claused === ( VIA ({<framed} ... ) ({ VELOCITY <expression> )]
) [{ DURATION <expression )] )
( WITH APPROACH <expressiom )
.(_ { DEPARTURE <expressiond ')
LHiT
Lwim

(with claused ===

WITH _(_FORCE {directiond) <expressiond }
H { TORQUE ddirectiond) {expressiond )
{ HITH DURATION <expressiom .}
{open statementd === _(_gf_E;l<hand> {expression) )
{close statgment) == ( CLOSE <hand> <expressiord )
{center statementd> === { CENTER <{arm) )

{stop statementd === ( STOP lart) )

(condition monitory === Lo [Clabel>] <condition ({¢statementd)y ... ))
Cenablé statementd === { ENABLE (labeld )

{disable statementd === { DISABLE (label> )

Cinput statement> === ( [HPUT {Cvariabled} ... )

<print statement) ==a ( PRINT lexpressiond )

¢plan assignment statementd === ( %SETQ dvariabled dexpressiond )

{plan declare statementd === [ IDECL {identifierd {substitutiond )

{plan free statementd === ( LFREE (identifierd )

<macro declarationd === { MACRO ¢(named ({{<formal parameterd} ... 1)
' {[{<variabledy ... J) <bodyd )

<macro call) === { ¢named {<actual parameterd} ... )
<plan if statementd ==> ( XIF {conditiond {then partd <else partd )
<plan loop statementd =22 { XLOOP {<{statementd) ... )

<plan exit statementd === ( IEXIT <(condition) )}

{plan dsscrt'statcment} ==x ( ZASSERT <hamed (slotd {facetd (datumd )
<plan form functiond «== { IFORM <named <slotd ([(facetd] )

<plan erase statementd === ( ZERASE (named <{slotd [<facetd [<datumd]] )

®M3-3:14 ALLOY 29I 2R

(5) VAL (z=s-—vav)

COEZa=A—va vHEOEH R Ay FPUMARCBEEIWLEETHY, S0L s, ZRILIN
FHME—DEELEL BND, COSBRALE VA7 bICEEDBRTWAY, K&, REEIE, §io
(1) ~(4) WEBERE YT 5,

VALD &4k &< SEEC TR A, () BEslf, (D e 7 oGl 2REE, (i) EREH
TH b,

1) EhESIE

HABIEE LTI, FTOHLMBALMOMBIZKES & 51, FEMEBEILCHETE, REND B,
FHEDHBRIEEONBLEEOMNBIZN L THEHEHEELLVTHZ ENTE, —ODREEEN LT
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DFBHZEBTED, Tofil, BEHEFALLY, BIFD 5 2 -2 2B ERIL) Lo thdbH b, £
EOBEE, —o0@H T EOTRERREE T, ERIWICE L 5T ERMICE» T X 5Tk
EnTwd, VALo 7 v 275 af%K3 - 3 - 1617,
2) TerIifELEBEEE

VALIZi3, =0 7= 73 a5B LA L K, BEEE, 2k, ¥y 7Ar—Fva—10oG4808h0, -
DI, MEREE & OB, 1<V U H, TIIRER BT G452/ - T\ 5,
3 EEEH

BEOKRE XX, BMORESEH R EELBERTh Fnr 7 2486 2BELAEL T W, F4E
DERIZXT A EMOBHPC L OPAEINRT VS, ThALES2EDOL 5L DTH 5,
a) FETRETIHEEOHWROPEOFMIE,

b)  BEORESFTOEOMIE,

©  BHHMUEER, HNHREZEEROVICERT S,

d) vy ERICL > CEFORXENELELIE S,

ek BmEit1981F10A% P49~51)

PIMARK SUBROUTINE PALLET
. REMARK PURFOSE: CALCOLATE PALLET LOCATIONS

REMARX INCREMENT COLUMN COUNTER

SETX COLUMH = COLUMN + 1

REMARX TEST FOR EXND OF ROW

péd COLUMN GT MAX.COL THEN 10

REMARK SHIFT ALONG ROW

SHEYPT  PICK BY 30.00, 0.00, 0.00

REMARX RSTURN TO MADN PROGRAM AND PROCESS MEXT OBJECT

RETURN O
SMARK
10 REMARK ROW COMPLETED, INCRE4ENT ROW COGHTER
SETI ROW = ROW + 1
REMARK TEST FOR ALL ROWS DONE
peg ROW GT MAX.ROW THEN 20

REMARKX SHIFT BACK TO START OF ROW, AND DOWN TO NEXT ROW
SHIPT PICK BY -330.00, S0.00, 0.00
REMARK RESET COLUMN COUNTER

SETY COLTMN = 1
REMARK RETURN TO MAIN PROGRAM AND PROCISS NENT OBSECT
RETORN 0O
REMARK

20 REMARX ALL PALLET POSITIONS HAVE BEZN USED, RETURH TO MAIN
REMARK PROGRAM AND SXIP THE "GOTO" DNSTRUCTION
RETORM 1 o
REMARK -- END OF SUBROUTINE PALLET ~-

®3-3-16 VALOTRST AR

(6) ROBEX (7—~vIX)
ROBOt EXapt oOREFR,

APTH 5 W EXAPT I U LSS EY A 7534 VDT e 73 I v e AT 2 THD, APT—
like DEEAEAT B LICE b TIFEEMO 4 =L — 2 SNABI e Ay b OA Vv -2 2EDBZ LB TE
Lo LEBRLTA, &EEAPT /EXAPTo# okt oFfH, APTOCLDATAICKIET %
PCDATA#ROBEXEKGENH, Fhi XA Feyd o 4 TREL T, £E ey r OEFEANEHLE LR
&, APT/EXAPTO v 25 2R LR UBHEAE LR T WD, v Ay bOA—F Y =70 HIEJHT LI fF
BILREET, r Ay MEM (2 F e A 227 4) OEFOHEREYTR D,

[M3+3+1 7wROBEX®D v 25 2R %EHT5, WorldModelGene-rater & LT = £ » b AKE, EE)
WHEOTER, RO ORMOEBOERERLFOEEFAEL (5, CORCEELTAHI LiXED
ThES, EDEEERIC LI DHEER (v 2 -3 275 4 Pt vsFHBi OEENSEE BB~
AirZ EXFELTCGHH) BRCEFFENGE A~V P v 723K (BEd 7 e 7 7 <R T 57
&) BROHESE B LT BE v,



ROBEX SHORT REFERENCE
cevee GEOMETRIC ELEMENTS ##we»

se=CIRCLE/Center,sp,RADITS ,wr
spa=PATERN/LINEAR,spl1,sp2,az
spu=PATERN/TRAFO,spnl,son2
spo=PATERN/MIZROR,s),spao

sv=VECTOR/ wx ,uy vz
spl=PLANZ/sp,TARLEL, spll
sb=CUBCIN/ss1,522,5p3
scy=CTLNBR/sp,57v,%r
sph=SPHERE/CENTER, 50, RADIDS, ur
sco=CONE/sp,s5v,vh
sbo=30DT/Il,CUB,saf,83ASE,wz, ,LENGTH,va
spa=PART/ (sbo,} 1 to n

suswe FEPLICIT HOTION COMMAUDS ®»w««
~--Definition of a safe position or surface--- .
SAFPOS/wx,wy . vz SAFPOS/vwz SAFPOS/NOMORE

---Go e specified distance---
CODLTA/dx,dyv,dz{,EVENT,a{ ,ELSE,n})

«rer* SYNCHRONIZATION AUD PROGRAM CONTROL COMMANDS «##«=
(PERFORMED BY THE ROBOT-HC)

DELAY/a tWait for a seconds
WAIT/EVENT,a 'Wait for signal
ONSIG/EVENT,a,JHP,n t0n signal a junp to n
SWITCH/a,ON 1Switch logical channel a

3 +3-17 ROBEXDY 2y AOH

(7> LM {4, IMAG)

Language for Mamipulation ®B&#R,

hons —7niehHIMAGTEZE I hicPascal - likeD EETH H, vy bD A~ F o2 7 BT
DIEEEMEFET, ROBEXFRE, =V F 17 =7 2 OBERIERT 52, "ATTACHS 4" (ALicksiF
HAFFIX @4 L AR, 2 20kt —@FIET5&89) KL d, TROBEXBERLTEBRVELTWE, &
AHTERL, ALERRIC 7 Vv — 2 3R R ZRTEREETALETT, ThBERT = v 734K =
7=, BEr 52 5 0ENE S, H# L LTk, "recordingmodule” &t LT, F—Fv 77 v
A2y ZBEEE L, v ERNAEHTEZ 2 &, BT - sBAYRI L ERE S, 2L L
TOMRIALOBHER L O H 5 (REE, FrEBEE LCRLSI1 1,73 (6 4K Bytesx 16 Bit) <
122 vERBERALTGS, A FORTRANE 72 v 7S THARA I N TV ), BR LEIMAGR
<, ORI T HEVERLMABHE I 5 &£ D & &, ARAProject(French National Robo-
tic Project), {AD_¥ v v v kZ FLCKRIEBNLRAPTXHEEL TWB=F 4 v A5 ARBFLR T
5, M3 +3+183LMo7=rr352flThs,

PROCCOURE INSERT(PIN FRAME, HOLE FRAME. FIMAX REAL,
. €PS REAL, NMAX INTEGER) BOOLEAN;
INTEGER N; VECTOR LATF; FRAME HOLEL;
BEGIN
N:z0; MOLEY:zHOLE *TRANSLATION(-VZ,10);
WHILE N<NMAX DO
BEGIN . -
HMOVE PIN BY TRANSF(PIN,HOLEL) UNTIL FI(1)>FZHAX /;
IF DISTANCE(PIN . HOLE)<]
THEN. RETURN(TRUE)
ELSE
BEGIN
LATF :zVECTAQR(FX(1),FY(1).0);
MOVE PIN OY TRANSLATION(LATF.EPS) /; -
EPS:2EPS/2; M:izNel; -
END

€ND;
WRITE “INSERFION FAILED"; RETURN(FALSE)
€ND

@3-3+:18 LMO7RZTLAE

(8) RAPT (=Fv3K%¥)

Robot ART D#E#s, ARTEOEETH 2 03P HEHOARORIAECHHE X L >T 5,

Tz 7 =7 A EOBE D] LHESTHE, vXy P BZOBELYRTL TS ANIEETH S,
LHLIRETOBRTIE, 5—7AQLEDRAMICERES DHAET, THEERTEEHOME « LB
D6EBEDI L, BOorNKRMOEITVWAILEZERT I REREHV AT 2 THNETVEED
SEONBEEL L CBIERRTTA2ETHA D, LHLAND, e 2 BERN L TE, [F 71D
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EofEl EWIBREGF LRI, TAPEEOBHELZ M ShOBERTHR TS 2 LXBLNHTH S,
Fhdz, $LE3 31 9RTHERE, F—7ABlo FcfEB2AH Y | by 5 — 7o FEFI1
EHOEEEF2ENELTCEY ], 22 [F—-7 A oMAEFREBOAITF2 ENA—~TH LSS | & 5RiE,
BRT — T NORIBICB - THETHZLERTE T TH 5,

LB -t HiEEoBREDHE L ESE ST E, FSE, BREE V- o5 (Feature) o B
HEYSARBEGRE LTERET S, ALEBTA 70 — 2 LA, HELCREERIBEIS LTk, Bl
KEE I BEEL L OBEEBRTIICRIA T 5, BBCER L YE Lo BIESRN S O BELRCELT 5,
P REERLZRERO FREZTRL TS nb, MEFCEDZESTE, Fhd 277 7RI,

5 —72T->T1-E1-B1-4B—>B2-E2-1-T2>5 - 71T
LBHBA DB, & S IEHEIEEL E2-1 (FFlAAYETRT) £ REOKE SR TER S AT
HZOTHE0D, B FOBHCHET & 32082 EC, ThixMI iy, WEMoWME
BIfR A R EELRAE DN D, L EAE OGNS, WiEMoBGRLEH T3 FIE K TH S,

PABIC X » CTHisED bl Tk, —~BOCHC LTy, DERoFVERRCERENES
BEWCIBEFETSE L, £hd 2L RAPT il # A 0# (Symbolic—Algebra) # A\ T4 KD T
%,

HHERBERUHEROBERIEL I3, RICHOREBEB W TREOTLR e Xht, 202250
RIEDLRENCBETHAH—DOBREMNBLE B2, DAL BFEOKE, HrL VKRB~
D THH0D, TOFTHELL S O FHMOBREETAT 5,

ORI LT 2 ODREEDE L LCEBIFAEHT 5 2 23T % 5,

3 +3+«19%BRLLRAPT v 75 4% K3 « 3 ¢ 2 010,

PlEgi~ekgic, RAPTflid v R o P EELERD, =V N e A 727 2 0BFEXERBRTEDOTEK
L, WgpEoRERAE O e Xy P EETHDL, L LEALEERE, —BINC REROESE LT
ENfEREHTHOREBL-OT, BFrFEARBESLEERCEBEL, TOBMIETERET A AEL L - T
bo EIOPHE, FEEE L CHERTH, EREERAZFIAL CCT, ZRTEET T AR - 12,
FEE L D EReFAOERI I EE IR TV 5,

(B A—brA—av 27%4% P27~31)

BLOCK=MACRO/3 X Y Z:

80DY/B
PO=POINT?0,0,0;
P1=POINT/X.,0,0: P2:POINT/0,Y,0;
L1=LINE/PO,P1;

BOTTCH=FACE/HORIZONTAL 0, ZSMALL;
TOP «FACE/HORIZONTAL,Z,ZLARCE:
SIDE «FACT/L1,YSKALL:

TERBOD:

TERHAC:

CALL/BLOCK B=BOX.X=1, Y=1, 20.5:
CALL/BLOCK B=TABLE, X=100, Y=100, 2:5:

AGAINST/DOTTOHX OF BOX, TOP OF TABLE:
COPLANAR/SIDE OF BOX, SIDE GF TADLE:

®3-3-19 F—TLOL =Btz FEOERF
M3-3:20 RAPT 7RI LNH(T—7 N FENBEAFRNER)

3-3-7 v AT AREROH

(1> ACRONYM

RRv 7 x— FKZAIS Ri2iz, »AE» P EBAL L EEBEME S X7 A% L C, ACRONYM & .45 o
AT ADFEENT VB, Y AT ADEHE, BEREFICEH - TWBRIEN, S, /77497 R
AT A By, AEKEEZECHBHAL BHrv A7 A THLHPOINTYREAR T, BEr Ay P v AT A
ANERBRRDLEENSDHE VD, M3 321DV RT ADOEIBRR L RT,

(2) COSMOS

HAKM TR CHERERo 0T, LISP2rhiE s LT, =48y F AEKEEEALL, SE 27 4,
2v e — 2 AFHREIRLEELHAL, 1 0OBREMMER Ry b e 7RI T IV e Y RT ANEF
BB P-7dDTHE, K3« 3« 2 2FOMBERNYRT,
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{3) Integrated CAD,CAM
%#%Eliﬂfm%%%¢®vfof&%o:@yx%A@¢&m@\am%ﬁggm&mﬂ%kv
Uy FEFNVICL DM FAAE e 2 5 ~GEOMAPZMIE I35 h, Zhuc, NCTIEEM, =kicllE
B, ey M REREALRBANRCAD /CAMy 25 ko 7 r b 24 7R BETHLHL e 2= 2 b
THbH, K3 +323LFDYRT aERT,

Processing .
CAD Ynput — -
)ﬁz\\’fj—j-_— Design  }+
NI L [ |
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e | q
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HOW
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(4) BEFVVvI7L@E@ery b

BTRMREMENCHESI N n Ay ' OIERBEO T Vv 7 L 2= 2 VEEZ BRI H) Y AT ATH
50%@&C6\“ﬁwb?%@k?kﬁ%ﬁ@10?%5%%%%@%&%@t@@%%uyﬁﬂ¢®ﬁ
BB, CAD> 27 aw Ky VEIFEBE L OFBNES L BbhdOTHRL, 8= £y b~ B
ExbhabDrBbhb, M3+ 3.2 40:%@@{:&{1%*%&]2]%%@.0

Scope Position
Accomodatio Calculation
l l
i
'

' 0
N o)
\
N\
/

Geometxric
Editor

A
N 7 N /
N Command
Camera N
Control N
v Superimpose Display ~ '4
Pointer \ ~J
Operation User -

— Command

mpasty tNLI0L -

3 -3-24 BEEFYLIVRATLLAHARY b
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4, v A7 2 {lic}ET B 12007 Fa—F
4-1 HE

B OEESBOIELELIEERBER T, v Fy MCX AEEOBEML, AT 5 = — X2
FEEBRBEBEE 2T B, &, B, LREBER BRI, BRE 7V VEE 7 )—=Vv7I7E
o ABEE, BMERY, TRETCHEEATTRES S CIIED TR L ShTUWRERCREVWTE, Ry
FRAOERIC L D EELEEMETES, TR RBRLABORL L o TE T,

i, BTEARR, B, FEERL L, &b EARMOAbiAd i\ BRI ERE I ks 1T 5 FFIX
TH=—XF, FTETHEIZENLDTH B,

INLEFEESHICRIT AR REEe Ay MY, ThXhofFEECHFTOREYETAILEOLLZ &
BHTHHH, BREEBBELEMREITNTOe Ry MEBRL TS, THebb, 3EAETRNTD
EH e Ry BT LRI, OBE), @Q~v=Yav—va vl Qrvr v rHl, 0=2>Ths,
FIL, SO OBREY G T A DI LERERN T 7 /e o— LT OATHE, @<y <y vy a2 ia
=r—va VER, @A ¥ Bbb,

A L7cEREFEr Ry M, CROEER e Ry b LS BRS, ML O r Ry b THE, T
obhb, ROBLIBELGOEEA Ry b (E—HROEEe Ry 1) EHL, 2vy—Ll-TE
BRI AREL., FOBREESCe Ry FEEPEWL CHLOTELEELE 2 TV { B
ROFEERe Ry b THEHAR =AY b THED, FiI, FEHEEXRELLEZHMROEZEA =Ky + D
BREADLETHA S, ZOHEHN, BHAOEEM e Ry b OBEY T 2 2XARFMPELLE6HETH
HEwvz ko,

COHEBOEARBMAUTr ARy b R—=2RF 27 /o — Ll I0T5, oKy b _—RF 2/
RO —OBEITETEL RV E ) FRBEE e Ry PRESHETE R Thbb. Ihbe Ry P X—2
T2/ R I—KH LT, ETRMRELERF i~ v~ FEALTCENE DT CHREHRE L Thhilk
BTa,

LoAHT, EBRoX S EBEE Ry P AT R, OEhMENOEEZr R, r it & D DL TE
BhBTTHREL, FXTHBEEhLT 72 /7 20— RMMOF¥Ern Ry VCFFS VAT 7y —T 5, @R—ATF
7/ =T RCEGR— Ay VEHELEBFEr Ry LI D=2~ v it L OIEERE OBEE
A= =27 ERMMTHIERI OB, EWHTHELREZLRS,

FRZEOIL, T THEEOUEY LD, Thbh, SEAEMLEM GuiE= Ky ) OBIRHEEL
LT, TRy b R—2=v vV [ RRETH, TOBRBOIHBCB UL, #vFhy b R_R—R = v EiXEEy
AFAEFTBa Ry b, Thixb [vAF 48y b (Systematizes Robot) ol & 2T = Lk b,
IOvATArEy POMSEENECBEVWTHREEBEIR TV, HHO v £y FEBAR M FICH
SuRy OFLVWHERZTH S,

i, ZOVATFraRy bDE—7 v b &L CAIEBELIVRIFEFILEE - TL %, TIBOEEEE
2Ry MCBHTRAITLHLARI S, ZhbDEEe Ry NI, FEOE YNz L VEER
EREETOr Ry 2 THB, Tiebb, SRBEBEERELXL X Ry + THEBEFE=R V] TH
o LT, BE)LCEETAHBELRDCRET L0, =5 A FEEASIECHEHUERE SR
S VTE Wb b HUBOWY E bbby, COX 5 BEIBEHOIEE= Ky +
T TEMIZHEREEE = £y ], BT (BIUFEe Ry b] EFFT 5, 4.

(B4 -1+ 188

4.1 HEfh, BAufERe Ry P EA=FAFHE, AM A AD =X 86 - AHOEESL e Ry b~ (19825
8 H BRI IS
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CHODRBERICERICE > AR ERBL, AEALEREBOFEYBML CERYESH, BEAEIRT
HrXy PHANELELD, KEeRy P IHBETERL, REWELTHEHEOLORLETHS ),
otk E e Ry F BAKEFCERBCERLCARL S, &k, $EER= Ky bELTE, K43
1DEHE e Ay P CELUOBELNE LSS,

(1)  kSEEBhe &y P CHE e

1) AR

kfr Ay bORIEELBEL, BEINTRCER TV AROCEESF xR ETH8ETH S,
CARBAREREFENAT VS, COAGRREBEYE S 7AW, AZOL00FEY RHET vy
v IBREOMNC, ThEELRBREEL VR L TABRENLEL 25, Thik, BEE, MEBREE,
BEL R L THBY - B - BEWRB 2 SoBETh D,

FREBRPRVCE, BARI - TEHETORL o~ CERITETIBRELRELMNE LTI X 5,

2)  HE{LIEE

FPRTEROFAZE (KEHEFR) BEL1THD, v ARy PCIBKTORRC Lo AGHRE L A%
DIREEDBNETH B,
KTEHERLLEDCHEFECLE S, ChICRRKEAOCAITHELBEYBECAIFELS S, KBV 54
Brr—ARKTECTHIEL, L130BEKTE, EAKBOFA—2ADOBEIIIBDTEL, FEIRETHS
fedd, D7 REOWNLERPLETSL S, T, BHKRTLRKELZBED S LREBREINILEHDT,
CORMNCTH 2 ABERTLENREHRELETH 5,
MERVEEESSKCBEYREECHERT 2D, ERNHIZIKOEE LEARETH B,

(2) k=R, BB EORES

1) ERETHHIERE-BE. & X, BLARE, BCHEEE LETH S,

2) BENEHLDLTEMTHAIA, B, BEY, By, HE, BT, MELLIBEIEHTHD, Th
DICEGER G U CTE R B b A7 B 7L,

3) FESoOBEE L, BEIEHTHIL I LT, BE, BE, AL rr, LB, BEY.
o CEHBIENEMLIT I - T B,

4-3-5 mvARy PETTE

YAF AR KRy FdER2= o FRFEEEAERLZEE T, EREOFLEEr Ry + OBRTETH
Be BEVAT ALK H=—XREOHEI 2RI, BEELERO BHET - £y v, BRIEED
Ry MM, TF ¢ T F 2T AT BMRORG - BIIEE, MRELLOMEALe Ry b, 71—V
ErFy FOBTEE, HEERE L OEE, XX TAEEINM, BXNEE L CER - BREEY
G ARy PEROES, AT 2Ry b ERRAVCHETTIEZERLCALY, B4+ 3« 3V AT A
Ay b EACCEBELCHENY AT 2 VORBBERTH B,

WEr Ry VIBBRKKRERETCE 2, IBMERGFEVELEAIDRET — T ARERIRTED,
LW ROSR—AFEIW D Fi bR b, FiEe Ry P OFEERICE, 1EDe Ry FRHEITTA
TeDIZHBERECOHEPBELAT R T VA, HEe Ry ML, FRO2VE 2 —Z W LIERINAHT A
F—vaVvRIZA-TFeF v I L, TLTrEy F OEMPETINS,

MaLAT—>avid, NP2 v—y (RE, "V &), 1XDAT—7—4, 2~3FKD =27
— b, BEDZY voi—, v AEHBLK B, v

T—ADFEWMIIL, 7r—A vy —HATRTED, ~ Vv FBRERTEETHSD, KEZ Y »—,
YA E BN T S, (FEOE T aTA T4 —FA A0 22T 5000EE2=y M, 7T—a0D4%k
IO b, BLI V7 v/ AnLiEERYERL, AT, BRELL -V ZBEL TR BRI
B, v P PNRoORE LA T TV 5,

MSLAT—> 3 vk, 1BEREGTe Ry P OBV ERFFELRECRBTHZ ENTES, Wik, LE
B THLDEHEESOEVA T~ a VELFEEELTL IV L, Fuik, HIFEL V< 20D A



F—oRHEL, BAOHTAT—> 2 Vi) 7T AERL T, BEENRFEEO S LIEEL TS X
Ve T, AFOHIBRE LS 2, ke Ry FRFERD L ARBE L CTIE, 22 TAFR
LB LAETH D,

BHOFER ENFELBRICT S o, REr Ay MICREFRH, EFAN, HIFESELR T
DI T7 49 27F 4 AT VA REEEFLTS,

ARy MATTHE, BROETAT— 2 v o, MITE»SRESATERBACMBIRTE
Te—v NS, 1HEOr Ky b HOLERMOALEROE L THEn Ay b AIURT A, MAHER T —2 a
V. b Ty S THESLBASRTELRROMEL, MHERT57 Ve —F 25— a2y, B¥Lotk
ARy F OBEEERBAYTI) TAN AT —Y a VRENBBRIWD Z LA D, BEEITILIAD
DTHNEEROFAYX 4 » 3 « 417177,
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5. SROBEROKES - RE
5-1 AR5

B EEBLESROBRCH T AR EEEOMER, BBTERBESE > TW5, XETER, K/ExD
MR EY D, REEEOLLOTES, FH, BHFECRLIFHRLHED Z V., FlLE 414N
SREN L E T TETHROUMVEE (Ultra Mobile Vehicle Project) (3R HTHIEE= R » b
THO, IO TEHERE LTEBERYE— b LR RbDTHS, kKEKKTHIOEDE
B SBICDIE-> T ADREETH S, ERHEE LTRMICE LT > TEEER TR, (E5- 1+
2)

MONTIEE, 77 VA, AFAVRENBATHS,

RS 11, #5120 Z0EANTLDLATVS, BPLRELNBEY, BFOBEKIEZ DI
KATED, BL1IEAMLINTCEERA Ay t OLRBETH Y, B2 XEEHBHECHS, BEOMR
LHE, EECIESCAMPHE, 75 v ACiXARAHE, W14 v cliHWCHE A S, 77 v ADARA
SN 1 98 0F 1 0 Atk SPARTACUSHE % FIc KEMEL L2 b DT, TR ADFEHEFIL, £HD
K ESZPFEREBI 2 L AR5 3 0 LE oI R A AN HIRERE L T b8 dh b, #7811 v OHWCE
BEZHEOARULL ST I REREHROT — <2 h A —THFHETH %,

£5-1-1 BEFOERIEER

JIRA Survey (1981)

UK :

OEXE - R4
v Ay b OEADRDO feasivility study#H (Consultancy studies) D50%7E), = & »
FEABOBRHE (FEESE 10005 S1EHEE)

W. Germamy :

OmzuRFE - RE®E
Humanization of Working Condition
DM 2.77 Mio, # 3{&F (1976—81)

75 VA
DANVAR - H/ph@zE (3,0008L0TF)
Inovation Aids 330 Mio, F (1979
(Licensing, market study, 480 Mio, F (1980)
experments, conception and realization of prototypes)
Q@LHEE - EHeE
1087 7 v (B00EF) EERMBES (198D
@LHEE - REHL%E
Middle Term Inovator Loan 75Mio, F 2 — 7 years loan
@T#EgE - 73vAerKR, P IT¥ESL 750T, F (1981)
GADEPA -+ 1000& LTS
(Agency for Automated Production Development)
BEO0%%FE 25 Mio, F (1980)
60 Mio, F (1981)
®Agency de 1’ ‘Information 10004 LI F o 43
BED20%FE 11 Mio, F (1980)
MDARA (Automatisation et Robotique Avanc’ee)
National Project (19814EF2)
(Q9R2ETFTH S EMD



£5-1+2 HBFOHAEBREDS
JIRA Survey (1981)

KE
@ONSFE - k2~ B (Carnegie Melon®, SRI, U, of Rhode Island, Charles Draper Labs MSC,
MIT etc,)
ATHEE, »»=hryzrs s, £M¥25, Mio~¥35 Mio ¥ T&ASIEH
@NSF? ... Westing House  (Programmable Assembly 83 4 £ $ 8 Mio, W, H, #%& NSF
178 U4 BH waD
®Dep, of Defense Air force --- Mcdannel Douglas, General Dynamics ~ o #E)
MBI THE L AT A, vEy bDT R T A vy —OBRLITK LK
@R L -~ ICAM Project (Lockyed, Douglas Z£~o#BN19Mio, $ =448
®Navy --- San Diego Naval Air Facility,
MzeEE Y Ny M I $ 1 Mio,
®National Aeronauties & Space Adminstration --- Langly, Semi Automated Space Maintenance 1=
$ 1 Mio,
() 1) ARKErAy bHIZAT (1981F12F587) &M $ 4 Mio, #iBy (B# - FEHILEHM
AR
(EB&R it v & Generic Technology Center (1981587, 3 23R EE 1 21INSF
g WHIRE Y THT2Z AR E LICEMEFER 1980F10 A Y &872)
2> National Project [APAS] #®EM IRs o X 5/l — 27 C B8 25 458
FEofow W, H @ (Bf% - FELEHH LX)
National Center For Productivity & Quality of Working Life #31975412 B LI E4E15(8
F#E) (BRET B 8) ’

1 FY R

(DScience Research Council - % & R0 EHFI~FHE)
v ARy FIHREREO DO LR Projects (1981—83) #910EMH

@ 4Y ..« National Engineering Lab, (APSHEY#HBEL TV B) Ke Ky PR 2EN
(1981—83)

@R E - EELAIRBEFED IRs HEMAED25% LD
3) EE¥EA - 198246 A 8 HFMSIREE 4 » F5HE (FEM60005 £ v F U250
(2= |
4) APSHE (IHHB{LEE (1976~) BEFRE14Mio. ¥56{&F)
SCAMP (600 Group BxRFmiED, BEZZE, #9138 (1980~1982) (B FERLETMA H)

[k O
OmtzekiEE? - FEBES. K%, RE :
National Project [Humanization of Working Life] DM, 36.1 Mill, (1976—1983)
QO FRIEE  KZFE, BBz, BE
24—, IRs PFgewDM, 12.2 Mill, (2 &M
() 4) National Project [Production Technology] DM, 35 Mio, (1978—80) 81LARE#E#KE
4) Humanization of Working Life DM 304 Mio, (1974—80)
81 LAR& k5T
4) FMS - 4. v 3 Fyy 7 y—2r%, Stutlgart K%, § = v ~v K% W60EMTH
By) gear box EAMTL > 25 & (HFE « FEHIEELE)

77 VAL

(ODGRST (General Delegation for Technical and Seientific Resarch) -+ RiE, AR~ mE1 F380
Mio, #1908 (5 H#10/EM RobotBfR)

@ANVAR (National for Reserch Volorization) -+ /2% (2,000 AL FO%E) 1#H MF % CHF

9
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e n25%MB) F150 Mio, #75(EM (5 H# 4 {8F1 RobotBi#%)
(#) 5) CNRS ({bsRiliprgerr - k%, BSPeiT, KA@M A4 « 20 2 5 25HE
(SPARTACUS project) B Ea Hi & L Flexible Automation H4e50/8H

5-2 =—X»bRIcEE B BB o B RIS

BEGEBEMOBFEOERIL, WEEOALLTHBEE N LECEL ., ZhLDERIEL 2 DHEF
TOWERLIDTHY, TIWEThEL ORBREXBEL TS, UL, ShbooFlEr ey »ITEMS
BET D &b B L DA T E B,

HoT, MEHS BB TREROPAEZ AT L EINTHBEERNELTALIVR, B AT 212H5
BELRLUCEREROMBYEHICL T, WEMBCEFTICLNEEILY, ChIHEHEERSCER
OREMEA L 2ELERNIBSLYRTHA S, BEBBLEBOBMAEER, LHE Sh2HBHE IR
roswcEidbhls,

1) BEOHEBHEN Bty v—8)

2) BHRBRET cofERMf BT, SR, T, K$P%)

3) BT TRRESNT 5 E\ FRE

BREFECRBRIEE LV o, HENEELAENR, »OABIIKE - TFE L W EED BEMLER
WREE G, 20X 5 FEREEECHERCERCEVAEEONEREED D, b« RO HTBER
FREOBLLTC, ChOOFEOHEMLCERL > 2EERBAYEH LR T —~OREVNEE L, %
fo, THODFER, BF A7 v R -BHSF v s Az v r— 1 SEHOESERCEET S
LONHCDLE#EVZE S,

Dbzagbddd, =— A2 BEHLCHERBERRLCAMT A0, BEFERE-Ry tO0MRKEE
X5, COBRRFBHEICL - T, &2 ERIEOEE GLlE, WRAALLE), KEFRIFE (Creavye
F— b kKR, HTH7 5 v bMREEEREVEBALIh, LORSHRDALEZIFBDTRKTHA 5,

i

5-3 v—A»bLRILEESBERORRBRE

SEABUERORBCLELERFHNIRO 3BT LDHONL 5,

1) 2vg—%dl e LERERR L, OB MERMOBR
2) BECFEYERTALDOA =R A b, FTREEBRTAIHHOBR
3) L OERLEHGR MO BN &, SEOMEBNE L FET S DO FRAIEOEM OBF

VY — L ZOEENEOEME, BEOOHERSEEA £y bOFHTHIESHERLERIA T
LEFEHEMTH D, ¥, GEABHUEHRCELORE L BERENTNIIRTHD EELLNDL, BE)
BB D 7o I IR 2 A T D2 v S —DSETH D L HIEMI T L5,

AN = X ARHBOFE TR, B - &R T - KPFOHKBET CRASCRCFES Y RIET 51K
e MREREL R RERLRWIET TR, MU OFEERB T AT 2BV EEESERZ
ha, i, BPHEoOBE THBcERBo =2 L ¥F—FEORBLLETH S,

Fio, SEOESLEMA TR S L0DIE, By 27 208 mHR,. ABOBRESLE J54%) Lo
TI=al—YaVEELD, SRV -hOOMRE LD TR AT AEHERT LERLE S AT 4
BARTRTH D, ZOMBIERER, HERLEOSBHTCATHREMEL LTHRIATV A0, ZOWOIG
AL LTI, SEBABERO AL LT, oL 05F~OBERSREIH Y Mhv-b D&
A5,

o 3 o0BERKM ORI+l R RIE I & e BREER e Ry M3 e Ry
FAGROTHEOEEER > A7 4 L LTORAGEE ~ A7 & (supervisory system) OB IR L 5,

5-4 #E

SEIBLEROMED b £ TREFIREIT - 7o,

Y—RPER T = —XFEEER S LB ONER, ROEAOEBRAMCHBELEAY T DB LT
DE OB,

(1) =—XHEHLLEH SN ACEE A LEROMBRE R, 55 0hdBREFER 2y F OB



5, ThbbUEEDLLE LT RUNOED TACGE T, BEN R B FENSERRE T T
TERBTITbh T, £OX S IFEIRIL, €A, aver—t, JFN7I v CABBRE
B OB TTREMSIERIN TR Y, AEOHEILLIFRACHB LTI LR TV AREL - T 5,
(2) v—ABELOHV ENCHRFEL, €vy— - BEEE, A2 =X - M8 G180 - BHAED
3ODERFEMORMAT —~0b et b bhi, ThoOEREME, BEMCEBRELER 2Ry +
ELT, BEAEER Ry PR EHEEEE Y X7 4 (supervisory system) ¥ L EFHR LS,

(3) UEDHEERY L L0, SEROLIECSTHEEHILEROD v 5, B REE, 25
Bk 5EE, REXBENCHE L TERAZTAZ L LT, EFNA VAL TITLhBRELUTO X
5 BARFTEE YRR T 5,

cHBEFEMHe Ay bR T A LEENEWHEHRHEYENLLERT S,

c CoFEIT LR (2) CERBLAERBMOMBLYEL L TER S, RENCILhLORRLRE
LT—2oDBEr Ry P AT AT EDHIT DL ENTRETH D,

s KB ORBITH e » Tk, HL OFES5TFOFER, HEMEBOBMBLATHY, G TN IEESLF
TR OFRBEEBEYETZTH A I,

CBREEArF Y P RAT AR, BELRMVEBEYHLCVHPLME e Ky FAE, ROFZEIC
U THE%E e A5 4 (supervisory system) mbH7ie 5,

e Av AT Ak, MBS BIEASHRED TLHE iz 0%, BRIEE L W 5Bk PR L Wik
EEEGRECDRD D, HiEe Ky PICBIFEARNCE LS DB E LG E b o Ky + A
BErBbhb, FRABARV—2R3a R,y P R EERE - BRL CEEOYN - BEREYSBE T L
LEFINL 5, FDicdDOman—robot R TH#MIRREO EBREM L H H P A BWBIFEIC & » CHBINCHE
Thbh, ZOERFHEECHI > TRGRERTRETH D,

DA B g U KRB A i se - BRI, SE B LM OB RERREY n i b 2 5 D57 5§,
MOEEFTHADOWHEDNEDL XD TREVLDEEbLRS,



