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O RAERE S, DX 0B0R AEBYolRE R EzDHREA - LFER
TIT®RX 3.

8. 2 Ry bARNVAI T4V IVRF A

ORy P X7 LOBENSENEFESEEETCRE YR - T30Ry TNV
A7 4 v Z75(ROS) X, Ry PEREEFALCC Y Fa—F iy LHAREZmGT
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WRVERY, FAEFERECERA TV PIETRCHEED /- FRBEIT 3
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)

N Y5
. .- ™~ 5 Ys (s
(s
]
Xg :

X§ (n)

, PUMA ROBOT ARM LINK COORDINATE PARAMETERS
JOINTT & . o 3 d RANGE

1 90 —30 0 0 —160 to +160

2 0 0  432mm  1495mm  -225t0 +45

3 90 90 0 0 ~4510 +225

4 0 -390 0 432.0 -110to +170

5 0 90 0 0 —100 to +100

6 0 0 0 56.5 26610 +266

(2.2 PUMA®MY v7EESR
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¢y —Coj SO SajS¥ 3 Cd;
Sd; Coj C3;  —Sej CF; 3; SO;

A= o Saij Carj g
0 0 0 1
e, 0 =Sy 0] (6, =52 0 ks |
S 0 6 0|, |5 G 0 25,
M=lg -1 0 0 M=lo 0 1 &
Lo 0 J L L
fc; 0 S3 0] (Cy 0 =S4 0
S3 0 -C3 0f , |5 Cs O
A%.: 0 1 0 0 A3 = 0 -1 0 ds
o o o 1 Lo o o 1]
G5 0 S5 0] R
Ss 0 -Cs 0f o 1S ¢ 0 O
A = 1 o0 ol™= 0 1 dg
o 0 1 Lo 0 o 1

K2.3a PUMAOOE#a< Vw72

-

(]

9y =tan~! [ Pydp +o} - 'd?ﬂx}

0.l pi+pf-dF +dopy

9, = an=t [ = (pelaz+deS0)+ (@ (Frof 03 ))
PAdsCa) —(ag +deS3)( = Jpd+pf-03 )

2_ 42
93 = ian"[ p§+p§+p%—d§—az~d2 _}
+{4d%a% - (pd +p3+p2 - d - a5 -0} )?

dy = tan"[' Crdy —S13x :|
C1Ca3dy+S1C23dy — Sp3dz

Js = tan~ 1 [ (Cq 02304 —S51S4)a,+ (S4 02364 +0Cy 54)3}’_ Cq 32332
C1Sz3dx+515238y +Ca3dz

9 = m_{ (= 5104~ C1CoaSa)ny+(C1Cq = S1C23Sa)ny +(54S23)n2 ]
(—51C4 = C1C23S8)sx +(C1C4 = $1C23Sa)sy +(SeS23)S;

~180° < d4, ¥y, 04, J4, 95, 9 =< 180°

t
» Degenerate case (#5 = 0)
¥4 = current value of ¢4 or Q and
(34 + Ug) = total angle required to afign the orientatio?.
= For-a given arm configuration,
(34,89, 93, 94, ¥5, J) is a set of solutions and

(84, 93, 93, 34 + 7, ~Js, I + =) is another set of
solutions.

}

)

(2.6 PUMA®DT — LM
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[SEN

BEGIN
FRAME ARRAY hole[]:3]);
FRAME base_plate;
SCALAR i

{Initialization and start of the program including definition of the locations of
the base_plate and the screw holes:

base_plate + FRAME(....); .

AFFIX hole[1] TO base_plate RIGIDLY AT TRANS( )5

AFFIX hole[2] TO base_plate RIGIDLY AT TRANS(....);

AFFIX hole[3] TO base_plale RIGIDLY AT TRANS(... Js

Scrows will bo defined with the z-axis pointing downward. )

Code to get the screw driver into the hand is also included. }

{Now insert the three screws}

FOR i+ 1 STEP I UNTIL 3 Do

BEGIN
scrow « scrow_dusponser; {Dofine location of new scraw}
MOVE driver_tip TO screw; {Get a screw - not really this easy}

AFFIX screw TO driver;
MOVE screw_tip TO hole[i]; {Screw is just above screw hola}

COBEGIN
MOVE screw TO @ - 0.75 % zhat % inches . {Push down with arm}
WITH FORCE = 20 % ounces ALONG zhat OF screw
WITH DURATION = 2.5 seconds; - -
OPERATE driver {Drive in the screw}
WITH VELOCITY = 200 % rpm ’
WITH DURATION 3 % seconds;
COEND;

UNFIX screw FROM drsver {Release the screw}_-

END;
END

K3.1 ALlorod s i (I50)

1. SETI N.PARTS=0
2. 100 VPICTURE

3. VLOCATE PART, 100

4. APPRO CAMERA : PART : PICK.UP, 50.
5. MOVES CAMERA : PART : PICK.UP

6. GRASP 25.

7. DEPART 50.

8. APPRO PALLET, 50.

9. MOVES PALLET

10. OPENI

11. DEPART 100.

12. SHIFT PALLET BY 5.2, 25.4, 0

13. SETI N.PARTS=N.PARTS+1

4. IF N.PARTS NE 10 THEN 100

15. STOP

BI3.2 VALDFTF 5 a8 BEDSLEALS V)
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L

GRASP: SUBR{GRIPPER_OPENING,<MIN_OFS ,MAX_OFS>,F);
TOGO: NEW REAL;
FMONS: NEW APPLY(SMONITOR,PINCH_FORCE(F));
CLEANUP(CLN);

MOVE(GRIPPER,GRIPPER_OPENING+MIN_OFS ,FMONS);

IF QMONITOR(FMONS(1)) EQ O THEN
BEGIN -- Left finger did not hit.

IF QMONITOR(FMONS(2)) EQ O THEN RETURN(*'TOO SMALL’);
TOGO = GRIPPER_OPENING+MIN_OFS-QPOSITION(GRIPPER);
DMOVE(XYZ# <GRIPPER >,

(TOGO/2+(HANDFRAME)(2,2))# <TOGO >, FMONS(1));
END

ELSE IF QMONITOR(FMONS(2)) EQ O THEN
BEGIN - Right finger did not hit.

TOGO = GRIPPER_OPENING+MIN_OFS-QPOSITION(GRIPPER);

DMOVE(XYZ# <GRIPPER >,
(-TOGO/2*HANDFRAME)(2,2))# < TOGO >,FMONS(2));

END;

RETURN( IF QPOSITION(GRIPPER)
LE GRIPPER_OPENING+MAX_OFFSET THEN‘OK"’

ELSE *TOO BIG’);

CLN: SUBR; -- Called whenever GRASP exits
ENDMONTIOR(FMONS); - to terminate force monitors
END; )

END; .

3.3 AMLoFosd > ufl (ObhH)

RECOGNIZEPART: SUBR (FEATURESPACE);
- Acquires an image, derives feature vector, and returns
-- index of nearest cluster in FEATURESPACE.
FEATUREVEC: NEW PARTFEATURES; - Derive feature vector
NCLUSTERS: NEW AGGSIZE(FEATURESPACE); -- Number of clusters
DISTANCES: NEW FEATUREDISTANCES (FEATUREVEC, FEATURESPACE);

RETURN ( MININDICES (DISTANCES) );
MININDICES: SUBR (A); :

-- Returns indices of minimum elements of aggregate A

N: NEW AGGSIZE(A); - Number of elements in A

RETURN (SELECT(—N EQ APPLY($+,(N OF A) LE A)),JOTA(N));
END; -- MININDICES

END; -- RECOGNIZEPART

| [43. 4 AML/V@7"D¢‘-} 145 GRAFEFD
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( CREATE "ENGINE ) ; INITIALIZE DESCRIPTION OF " ENGINE ~.
( EVIEW 1) )

( SETTRAN "TRAN1 0 0 0 ) ; DEFINITION OF THE FRAME OF 1ST PART.

( EPART "LINE2 'PORT TRANI ) . ; START EDITING OF THE EXHAUST PORT APPEARANCE
( SETPAS "DTH 500 ) : APPARANCE OF PORT IS LINE2.
{ SETPAS "LNGT 10 ) ; SETPAS SETS PARAKETER VALUE.
{ SETPAR "AV 500 800 500 ) ; SETPAR SETS A RANGE OF PARAMETER VALUE.
{ SETPAS "DL 500 ) ; ALL THESE PARAMETERS ARE USED BY BASIC

( SETPAR "GAP 2000 2000 1000 ) ; FUNCTIONS FOR PROFILE ANALYSIS.

( SETPAR "E1 1200 606 600 )

( SETPAR "E2 1200 600 600 ) .

( SETTRAN "TRAN2 -1500 2000 0 ) ; SET FRANE PARAMETER OF 2ND PART.

( EPART 'STEP2 "COVER TRANZ )  ; START DESCRIPTION OF THE ENGINE COVER.
.- ; 7 ENGINE " IS COMBINATION OF ~ PORT " AND
.- ; 7 COVER ™.

543.8 RVLop=z v rompeLaim

INPUT PROFILE DATA.

( PPRD ) PREPROCESSING ( SEGHENTATION ).

{ FIND "ENGINE ) VERIFY GASOLINE ENGINE EXISTENCE.

( MEASURE "ENGINE 'PCENT )  ; MEASURE CENTER POSITION OF THE PROFILE.
; 1ST ELEMENT(PORT) IS SELECTED.

» DESTINATION OF HAND IS SET.

( MEASURE "ENGINE "PFRAME )  ; MEASURE FRAME AXIS DIRECTION (OF PORT).

ROTATION OF WRIST IS SET..

( MOVEARK X YZ ABC) ; NOVE AND FIT MUFFLER TO PORT.

( TAKRD )

.

v

e

.

(a)

X3.7 RVL&k3xzvovworsnss

21



[

IO S R T4 ATVA N

R N Ny -
i 2

5d4.1

4.2

o Name

BRHRY 25 AOEERK

woL. +
FOR. BR

DIt (o ® <)

FRA. ((X%a Xy Xa)(YaYa Ya) (2 Z; ZI(P A A))

AT, (Ubodyl UMI T ) ) .
ARB. {(lhelyl UN| T)(Lbsly2 SUB T)(Lbedy3 UNI T)y

- AGHHDT - R INKRE

22



Robot Network

7

robot processors

Robot WOrkstation

Versatile Teaching Stick
Multi-Media Display /

N

Workstation Processor

EF

F5.1 T MEAY X5 A0SR

Windaow
manager

Utitities

(Editaor,

Debugser
ete.)

4

o a
bot syppantt

fontiguratar

B5.2  mRy bRV AT 1 v RT LR

23



