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MOVE YELLOW TO finalpoint VIA intl, int2
coERES Eic, avseq4 542, YELLOW 21D
BOBREAEH &, departure HAEEO, X5 chff
A intl,int2 25§81, approach 54 # T finalpoint
~Bh (BB EE T 5. departure g%, approach gt
BizigEanTHRVBAKE, BEOF—4~x—-2
AL T, deproach HARETS. bbEAAEERN
TWABRAKKRCOB Y TRV, £/, AT
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T, ZhoDOF— 2REEHEOBRICEDNS.

MOVE YELLOW TO finalpoint

VIA intl WHERE VELOCITY=v1
WTH DURATION=2%SEC
VIA int2 WHERE VELOCITY=v2
WITH DURATION=8%SEC
Bfethice= 29~ &K ON BTHET 3.
MOVE YELLOW TO ypark
ON DURATION>3%SEC DO warning+1
ON FORCE (v1)>18%0Z DO STOP
#1o ON fiEaEEE=421L, 3BLLEL-
725 warning LWV EBIC 1Ay bT 5. F20D
ON fidfiz®E=420L, vl HAIOHH 18 & x P
FiE oo T EELEEES.
Bifeth o o8RRIz WITH icised 3.
MOVE YELLOW TO @
WITH DURATION=10%SEC
WITH FORCE=—18%0Z ALONG Z OF
station
WITH FORCE=0 ALONG X, Y OF station
co7Fursuaid, F—7r0 XY @iFuoH%E0
KRB, ZHAIC —18 ¥ 20T 10 Bz
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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 < hracket*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 RIGIOLY;

bolt < FRAME(ROT(Z,90*DEG)*ROT(X,180*DEG),VECTOR(16,3C,5));
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example:BEGIN
“world model description here™

OPERATE YFINGERS WITH OPENING=3*CM; ------ 1)
MOVE YELLOW TO bracket _grasp;  .---.- [4°))
CENTER YELLOW; =~ —--eereeemonis o)
bracket_grasp < YELLOW; - (=)
AFFIX bracket TO YELLOW; -
MOVE bracket_hole TO beam hole;
OPERATE BFINGERS WITH OPENING=3*CM;
MOVE BLUE TO bolt;
CENTER BLUE; *
bolt < BLUE; S
AFFIX bolt TO BLUE;
MOVE bolt TO beam_hole + VECTOR(0,0,-5.3} HRT beam_hole;
WITH FORCE=0 ATONG X,Y OF BLUE
ON FORCE(Z WRT BLUE) > 60*0Z DO STOP BLUE; } )
OPERATE YFINGERS WITH OPENING=3*CM;
UNFIX bracket FROM YELLOW; RN ED)
AFFIX bracket TO beam
MOVE YELLOW TC YPAI
OPERATE BFINGERS NITH OPENING=3*CM;
UNFIX bolt FROM BLUE;
AFFIX bolt TO beam;
MOVE BLUE TO BPARK;
WRITE("Finished");
END example;
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TEEL: AFFIX OBFERIVEN S 5. £/
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#(-) 12, FEMEROEERT. «—id, FEE
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ROUTINE grasp(TRANS special.departure,special approach;
FRAME ATOM the_arm(DEFAULT YELLONT;
FRAME object,grasping_point,thing_object affixed_t
DISTANCE SCALAR opening_hefore departure th‘ickness(DEFl\llLT 0,3%CH),

grasping:BEGIN
ATOM the_fingers;
CLAUSE t,u;
PLAN IF #(the_arm)=BLUE

THEN the_fingers <« BFINGERS
ELSE the fingers <« YFINGERS
PLAN IF SPECIFIED{opening_before_departure)

openina_for_approach(DEFAULT 15*CM));

THEN OPERATE #(the_fingers) WITH OPENING=opening_before_departure;

PLAM IF SPECIFIED(special approach)
THEN u <-4 CLAUSE(WTTH APPROACH=special_approach)

ELSE u << NILCLAUSE;

PLAN IF SPECIFIED(special_departure)
THEN MOVE #(the_arm) T0 grasp_point
WITH DEPARTURE=NILDEPROACH

e (V)
-_-----.( )

VIA #(the_arm)*special_departure THEN
N

BEGIN
OPERATE #(the_fingers) WITH OPENIMG=opening_for_approach

0o @

#(u)
ELSE MOVE #(the_arm) TO grasp_point

WITH DEPARTURE=NILDEPROACH

VIA é(the arm) *DEPPOACH(grasp_point) THEN
BEGIN
OPERATE #(the_fingers) WITH OPENING=opening_for_approach

ﬂ( );
CENTER #(the_arm)

ON OPENING < (thickness-0.2*CM) DO

missed:BEGIN ------- (§)
STOP #(the_arm);
SCALAR flag;

OPERATE the_fingers WITH OPENING=opening_for_approach;
PLAN IF SPECIFIED(special_approach)

THEM BEGIN

MOVE #(the_arm) TO #(the_arm)*special_approach DIRECTLY
END

ELSE BEGIN

MOVE #(the_arm) TO #(the_arm)*DEPROACH(grasp_point) DIRECTLY
END;
MRITE("Grasp failed; Type a '1' to retry");

READ(f1ag);
IF flag#1 THEN ABORT;

MOVE #(the_arm) TO grasp point DIRECTLY;

CENTER ﬂ(the arm
ON OPENING

END missed; -
grasp_point <« #(the arm);

PLAN TF SPECIFIED(thing object affixed | to)
THEN UNFIX object FROM thing_object : afflxed | tos

AFFIX object TO #(the_arm);
END grasping;

)
(thickness-0.2*CM) DO ABORT("Closed on air");

}uucn

R-5 AL K83 55477 -=w7uar—F 0O

3V, RiZ, () DX T i3 special_approach 315 5%E
ThTHah5, ulHIERICE
WITH APPROACH=FRAME (ROT(Z, 90:xDEG),
VECTOR(0, 0, —3))
VNS FFR PBRAZH, (F)(N)OHERuwDOE
ELT, COFFRIMNEEAE LS. (=)D PLAN
IF 2 7id, T U MHC special_departure 23fEE &
Tz o ELSE MBI A CTFETO=
7 uRBIC X - T, BRMEHE DOOLUEFT TEH
TVBRRTE»S, OFiC, OhLEECENTER %
BHT3. coru/JATRUAEYEOHHEN-
7BADORENELISNTNEG., £ DIEOHE
ELHEHOEBLY 0.2cm R B> b BELEE=
235 (1), BESHSYOELD 0.2cm R{L-
SR, NEMEOHSBRICEEEKT
3. TOBAKIE, OHhBHET/HO mised i3

grasp(the_arm=YELLOW, object=bracket, grasp_point=bracket_ grasp,
special_approach=FRAME(ROT(Z,20*DEG) ,VECTOR(0,0,-3)7,
opening_for_approach=3*CM);

R-6 54779 «<sar—F/FHULOER

BEREAAELTE L. ASYLZELL 2BAKE
&, (V)0 X 5ic FRAME Mo#ABHREEL
{EHEL, grasping LW FEHREBKRT T 5.

ZDXS5iIcLT, K5 iiRL7 grasp &5 5 4
75 e=wsur—Fv K6 OLdCFH ZHh
ERER BTREBR)DLI NS0l J LR
ANhBbJTHS.
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R sHEShTHIE, £h2FHU THERN
Rruss L2 ERILECEBERBCL S B8
(R E B R) it grasp, normal_search, release &1V 5 5
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MOVE YELLOW TO bracket grasp
WITH DEPARTURE=NILDEPROACH
VIA YELLOW*FRAME(NILROT,10%7) THEN

BEGIN
OPERATE YFINGERS WITH OPENING=3*CM

END
WITH APPROACH=FRAME (ROT(Z,90*DEG),VECTOR(0,N,~3));
CENTER YELLOW
ON OPENING < 0.2*CM DO
missed:BEGIN
STOP YELLOM;
SCALAR flag;
OPERATE YFINGERS WITH OPENING=3*(M;
MOVE YELLOW
T0 YELLOW*FRAME(ROT(Z,90*DEG),VECTOR(0,0,-3))
DIRECTLY;
WRITE("Grasp failed; Type a '1' to retry");
READ(flag);
IF flag#1 THEN ABORT;
MOVE YELLOW TO bracket_grasp DIRECTLY;
CENTER YELLOW
ON OPENING < 0.2*CM DO ABORT("Closed on air");
END missed;
bracket_grasp < YELLOW;
AFFIX bracket TO YELLOW;

(E'E' TEELISFAT5Y) -2 00— F ¥ grasp %)
-6 DX SKHURTEARDOT vy 5 st RBBE 3

B-7 54759 =27 0r—FvORER
477V EFRLTCHEN S5 200THS. H
B3, 2.5 THRNbOLRAULTHBH, =7 —xE
EERERLI, XOBELANBOBEY, BUOKET
avy ricEBENTOS, ik, K-8, grasp,
normal_search, release M&it, 2.6 TR~ kD
iC, 473 «=2u—Fr 20 L CEBX
Hh, REORBIISUCHEYL Aol S aicEREh
5D THB.

3. AUTOPASS® (AUTOmated Parts
ASsembly System)

IBM t—=2z 9}y UBIER Tk, BEHS
oy Mk DMMEROHEE, NEILS V-7

example2:-BEGIN
"world model description here"

COBEGIN
ypickup:BEGIN

i 2 Oct. 1978

9 1. ASM SUPPORT BRACKET

10 P/U AND POSITION THE NUT IN THE NEST OF THE FIXTURE.

11 1090037 NUT, CAR RET TAB TY 01

12 P/U, ORIEHT AWND POSITION THE BRACKET INTO THE FIXTURE
WITH ITS TAB OVER THE NUT.

13 1115191 BRKT ASM, RAIL SUPPORT QY 01

14 P/U SCREW AND LOAD DRIVER.

15 1107379 STUD, CR TAB INTLK QTY 01

16 P/U, ORIENT AND POSITION THE INTERLOCK OVER
THE BRACKER HOLE, WITH THE NOTCHED LUG UP.

17 1117637 INTERLOCK, CR + TAB QY 01

18 P/U AIR DRIVER.

19 DRIVE SCREW TIGHT.

20 TORQUE 12.0 IN/LBS.

21 ASIDE AIR GUN.

H-9 Ry Tiexd s8R Eos

fT-oTHh, Bz, ==Fa—-Vr—22REL, &h
%ﬁﬂ?%t&@,mm®%ﬁt%§bkv«w®7
n/'5 sy x5 s ML® (Manipulator Language)
ERBLTE. COXSEKEDEET, BT
M2 ERTI20RKERYELHEBETHS. £C
T, a7 IvSORNEBRL, KO KEGIEE
Z2XOBEBRERTEDIC, IBM DS L—-FTH
EKEEENRN AN, TOBREHINLEESN,
AUTOPASS T% 3.
AUTOPASS T2, ATHHERD &E O HEER
HERRBEY, 798, SNEEOSEHEEE
> TEEEZEARL, ThEarv,frlLTaky b2
Bt a—FEERTIENIFHELE-TNE. A
FIRLZHEUEROBAICH, B9 KHARL XS
HMIBREL, E5LTHHEMLZ2BREV. Bk
E, TOESBVRVT, vy bHT27as35
LEBTZEIRTELELE-TNE. 2 —Hid,
EOBRAELNEBYTEOL, £20E & L0IE%E
BoI0h, T, MRLUZWRIFEERBOE CIC

grasp(object= bracket,grasp_point=bracket _grasp,opening_for_approach=3*CM);
MOVE bracket_hole TO beam hole + VECTOR(®,N,-3) WRT beam hole;
MOVE YELLOW TO @ + VECTOR{0,0,6) WRT heam hole

ON FORCE (Z WRT beam hole) > 50%0Z D0 STOP YELLOV

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*CM);

END bpickup;
COEND;

MOVE bolt TO beam_hole + VECTOR(0,0,-5. 3) KRT beam_hole;

normal_search(BLUE,N.2*CM, 1. 6*CM,60*0Z,9

MOVE BLUE TO @ * FRAME(ROT(Z 90*0(6) VECT(‘F(O n,4))
ON FORCE (Z WRT BLUE) > 60*0Z DO STOP BLUE;

COBEGIN
parky:BEGIN

release(the_object=bracket,the_opening=3*CM, the _new_parent=beam);

MOVE YELLOW TO YPARK;
END parky;
parkb:BEGIN

release(the arm=BLUE,the_object=holt,the_opening=3*CM, the_new. oarent-beam),

MOVE BLUE T0 BPARK;
END parkb;
COEND;
END example2;
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4. LAMA® (Language for Automatic
Mechanical Assembly)

LAMA 3, MIT ¢ sh T3, BROM
MEREERNBELEKED SRS T IV TV R
5 4T%H3B. LAMA 3 LISP TEHNTHD,
EELPZIIR-12 LS5 BERTEREIN S,
LAMA &, 2o k5 7urs 5 s, BLEER
ENIBRBOETADS, ==Eal —INET
L5537, urssa~ER{Ts BE0ETVI,
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REMELBVESBEBI O X EZREL, ¥
7o, BIMIEREETT 2 00MbVFEEXD,
PEIZN5 A — R ERET B.

LAMA 2, 3XHEOHHO BRICH 5 E0
», BEOXBELBEMTHD, AL % AUTO-
PASS it~ T, REDMIIER L OREE-I A8
5, EBMNSEKESE~RET 3L, 4L
o Kb ZIcBbh 3.

5. ERRBEFEICKHTISHROREHE

AWTR, ofy rOMIERETERT S
OEKEEZECET IBAEOHMEICODVTHAL

REOBRLEOM 983

1. OPERATE nutfeeder WITH car-ret-tab-nut AT fixture.nest
2. PLACE bracket IN fixture SUCH THAT bracket.bottom
CONTACTS car-ret-tab-nut.top
AND bracket.hole IS ALIGNED WITH fixture.nest
PLACE interlock ON bracket SUCH THAT
interlock.hole IS ALIGNED WITH bracket.hole
AND interlock.base CONTACTS bracket.top
DRIVE IN car-ret-intik-stud INTO car-ret-tab-nut
AT interlock.hole
SUCH THAT TORQUE IS EQ 12.0 IN-LBS USING air-driver
ATTACHING bracket AND interlock
5. NAME bracket interlock car-ret-intik-stud car-ret-tab-nut
ASSEMBLY support-bracket
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State change statement

PLACE objectl ON object2 grsping §inal-cenditions contains then-hotd
INSERT object IN receptor position sensor Zhen-held

EXTRACT object distance senscn

LIFT object distance

LOWER object ONTO surface senson then-hold

LOWER object distance senson then-hold

SLIDE object ON surface slide-termination then-hold

PUSH object dinection UNTIL final-condition then-hold

ORIENT object SUCH THAT positional-condition sensor then-hold
TURN rotor turning-condition aotation-axis then-hotd

GRASP object grasp-position hand-pesiticn grasping-fosce
MOVE spatial-feature final-condition

MOVE spatial-featune TO position final-condition

MOVE spatial-jeature motion-specification final-condition
RELEASE

Tool statement

OPERATE tool Load-List target-position attachment
final-condition tool-pardmiter-List then-held

CLAMP locking-device SUCH THAT final-condition

UNCLAMP locking-device SUCH THAT final-condition

LOAD tool foad-£ist

UNLOAD tool foad-List

FETCH tool grem-hofden

REPLACE tool te-holden

SWITCH tool ON/OFF

LOCK locking-device attachment

UHLOCK locking-device xelease

Fastener statement

ATTACH fastener sccond-§astenes TO target-position side-attaciment
final-condition .

DRIVE IN drive-fastener target-position final-condition
using-driver attachment driver-paraneten-List

RIVET cbject-£ist target-position side-attachment

FASTEN objectl TO object2 mone-cbjects WITH fastener tatget-pesition
§inal-condition

UNFASTEN fastener-list scurce-position refease target-position

Any statements in the above three classes may be preceded by
WITH hand-name.......

Note: X
a qualifying hand specification.
Miscellaneous statement (partial listing)

VERIFY inspection-condition inspection-action-list
OPEN STATE OF locking-device IS final-condition-1list
NAME object-list ASSEMBLY assembiy-name

END
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(GRASP 0BJ: [PISTON-PIN])
(PLACE-IN-VISE 0BJ: [PISTON-PIN
S

]
UCH-THAT: (PARALLEL [PISTON-PIN] [TABLE])})
UNGRASP 0BJ: [PISTON-PIN])
GRASP 0BJ: [PISTON]
SUCH-THAT: (FACING+ ([PISTON] TOP) DOWN))

(INSERT OBJ1: [PISTON-PIN]

0BJ2: [PISTON PIN-HOLE]
SUCH-THAT: (PARTLY (FITS-IN OBJ1 0BJ2) 0.25))
UNGRASP 0BJ: [PISTON])

GRASP 0BJ: [PISTON-ROD]

SUCH-THAT: (FACING+ ({ROD-BAR] TOP) UP))

(INSERT 0BJ1: LPISTON-PIN]

0BJ2: [PISTON-ROD SMALL-END-HOLEY)

(UNGRASP 08J: [PISTON-ROD])
GRASP 0BJ: [PISTON])
REMOVE-FROM-VISE 0BJ: [PISTON])
(PUSH-INTO 0BJ: [PISTOH-PIN]

SUCH-THAT: (AND (FITS-IN [PISTON-PIN] [PISTON PIN-HOLE])
(FITS-1i [PISTON-PIN] [PISTON-ROD SMALL-END])))

(UNGRASP 0BJ: [PISTON])
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