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GIROB . Graphic User Interface for Robot Programming
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J. J. Kim

ABSTRACT

As international market pressures increase, product life cycles are becoming shorter at same
time requirements for productivity and flexibility are becoming higher. Major improvement in
robot programming user interface is central to increasing productivity and flexibility for automat-
lc manufacturing environments. New computer technologies have the pbtemial to accomphsh this
improvement.

In this study we have developed a systemn which proves that interactive computer graphics and
geometric modeling have matured to the point where their artful application into an integrated
system can rsult in radically new and powerful user interface for robot programming. With the
graphic user interface environment the system efficiently utilizes the existing CAD data and
gemetric modeling techniques for off-line programming and simulations. Also the system success-
fully generates robot control programs performing the desired tasks given through off-line pro-
gramrning. |
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(off-line) Ezaefolth FAdE Qe
ZZ el 7)&= el A oo] Bo] Ao} 2
e AFE 7lexd #AFE 289 (computer
graphic) A]&d#|¢]|4 (simulation) glzx GUI
(graphic user interface) 7|=¢] #5F4 &Fo
2 FEF odo] ZtFoFHYT E 4= Q.

2Ho exglel a9 AXELoZA
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¥ d7+= CAD dHiolete} HFEH LY 7]
Hto s, oA EEe A8 Z2EEd 7
xRl TRIHWHAEZ AFE ¢ U= H&
Al2gle] T Y Y3 (framework) 758 HEE
2 ot HIZd= AFe] AA DA AR
CAD(computer-aided design)& o|&%}d] u}
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Fig.1d A= 0|9} 2L ZXHE 9% B 97
HAR e AAAQ] 2E& 1HEE) Yehdn 9
t}. 227 ZAYFH(workeell) 2] o8] ZAE
S A8 2zl CATIA(computer aided
three-dimensional interactive applications)=Z
RAF o=, ol 7)EH H o] El (geomet-
ric data)E5€ £ 794 Z2E E} (proto-
type) AlA®Rlo g 9§t GIROB(graphic user
interface for robot programming) A|Ag]o &
£30T}. 2 thg GIROB Al2¥ o)A o] 7]
SIEE ARES o| &3l =& o] & o)
Fag NHolAEEY Foi7 AYe +9Y

(Geometric Robot

Fig.1 Overall flow of GIROB system
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T U= 2R T2PL exgkloz A E
aL, A7) HAE 2RA0] Z2aPo T AA
BEEE TE8A "o
& Aol A=, Z|el7]Fe] PZE Qo] 9B
KAWASAKI 2929 J-10 288 1320l
Arde= 4skey GIROBe Hawhge
=v 59 7|F9 2R A=z &a gr)E
9] BRI E dF o g FRE = EF 44
At Je-10 2RE 7709 Y=(link) S ZFe-
6¢3E 2RoZA L4 (welding), =¥ (assem-
bly), &% (handling) 59 &5z Ro]e 1t}
=3 Z&o|t 2,
=8 AL OeE A2 Az
CATIAE o] &3l ERE Rdg3ln olg 7]
31514 FJRE WPk WHE 93] Aesin
Js-10 289 97|F&(inverse kinematics)<]
3o Ha| =olgct. A 3AdAE HFH 1
HE o] 83 28 2o Z AAHe|Tgx
g T A= AAA gl Fo] 7)&Eo] 9o
o A 4 3 GIROBYA AFE+= exggl x
2a#9e] 37 2 GIROBe| 28§ 2240
Aole] FHE HET & 2R ZHE 53 =
& A3 T2 IRE WAF = FA ]Iy
o ¥ AMe=dvt. 2z]n A 5AL GIROBE]
AR A +=8 Z 7|5EL 49% £ GIROB
& ARl A4 J-10 2RE gEAz7] A
of &l 7|=3ka & A7 thg HFHQ EE
& A 6 ] Meslgrh

2. 2RI} EEFe| 2yl 2

21 Tlse 2Y

= ddlAe 2R G879 7]3EH A
HE RA¥E 317] S8 3a 2AF4 2d
= (sold modeling) 7]%& A|F§ CATIAE
AHg-ste] SR &9 A4S Aol 2 o2 5H
GIROB9| Ha# dolels FE34 dtd).
CATIAE I AZPAE 572 CAD/CAM
Alzgle]  Fuzs  xEkase]l DASSAULT
SYSTEMd|| oj&] 7idso IBMelA ol

glth. CATIAE= Zei5g Qe # o] A (graphic in-
terface) & A|9dl= 7]ERE (base module) &
ieto g =478 2895 (application mod-
ule) 2 A& E3] AL-29(free surface)
o258 NC FF-AZ28 A4sta=dl 5% A
o2 Bl S-eglvele] AFar g ﬁJ%"%‘?‘ﬂ
AZHN o @A & 5,0004) E(seat)?} BFH
o Qi

+ QTN 2R AGEHe] RRlYE 4
gl CATIAGA  AF=E SOLID7|&3
BOOLEAN 7]%& #=2 Alg3igoy CATIA
QMM RAPE EA = A (polygon) oz &
\H(approximation)® A€ et 0|3
dd A i 7|51 [lolelE & 54}
Qe Ho] A (interface) 8t 12 SR EZ13Y
oA AT g AEF 317] A8 CATIAA
v 54 7|5 & AFe) £t Geometry Inter-
face(Gl)2ln £e]4-= o] 7]%%& GATGEOg}
il 3= FORTRAN MEFEEZ T4
om CATIAYA AFEHE 7]8184 845
(A, Zd, A4 #™dE dojgk & A7,
T4, Y, 2€95E 75A .

B d7ME o]& GI 7% AlTsl:s
CATGEO AEEEEE o]asdle GIROBYA
H R 2ol 7|38 v]olgEE 28 + Us
deislols T2aHE AT of el

Z2IYg o] 43l 23E = PR, GIROB
f’ﬂ*‘] HR 8 3l 2o 2 ¢) (wireframe) &
Heol W (face), W] HAWE] (face normal vec-
tor)ol™ EAE(lext) HY¥Ye)sE ST
Fig.2= CATIACAM 2da® {8 (cube)
2HE, oM dEHI QUEHo]A ZZ YL
ol &-3jc] 7)ateta Hlo|etE WA A E Be
FIUAT Fig.29) 4 Hi= nle}l Zo] Qe H o]~
Z2OPE Eil CATIARZRE Z2&2H= 2
HUL HHo]E(vertex table)d} o] E-
(face table), HAYHAYEHo]E(face normal
vector table) 8 P EHE 3714 F72] 71318
A dolelE Ag3a Ut WHA HyolHLe ¢}
olo|ZH Y S FAASI= dlolelmA Heo] 7i<=9}
4 Aol ARUE AP Ut Lo He




o) B Bzt 7t B AR W
A49t 2+ We FARE td¥e] BEAHES
AR} of7)1A ML He FEUL IH
2tx) oy HulolEe] #HFAHd RAF U
(pointer) 2 YERich 12|31 niR|e g EA
o] £ H# 38 (shading)o] Bad z We] Y
El7} | weiglo] o A= o] 1t
GIROB& gelg ¥ dolgz 3§
GIROB uj3e] Bx4d| & dlojg} F2& 74

]

v1(0,100,100)
v3(100,0,100)

y

X - v/ vd4{100,100.0)
8 Number of
0 100.00 100.00 100.00 Vertices
T 0.00 100.00 100.00
2 0.00  0.00 100.00
3 100.00 0.00 100.00
4 100.00 100.00  0.00 Vertex fabie
9 0.00 100,00 (.00
= 0.00 0.00 0.00
7 100.00 0.00 0.00
G e ——————————————— YOS O
0010 4. faces
7 4 0 3
1011 4
4 5 1 4
20124
0 1 2 3
10134 Face table
5 6 2 1
40144 |
6 7 3 2
5015 4
20776 5
b Number of face
0 1.00 0.00 0.00 nomal vectors
1 0.00 1.00 0.00
2 0.00 0.00 1.00
3 1.00 0.00 0.00 race nomal
4 0.00 -1.00 0.00
5 0.00 0.00 -1.00

Fig.2 An example of GROB input file ex-
tracted from the cubic model created
with CATIA |
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Aol A Y 2R 1 FHRPIG AR OE £
o\E Z=¢} = we}n|E (link parameter)&&
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Z2agigsta AJEH ety fsiMe & =
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Fig.3 Js10 robot and working environment
displayed in wireframe
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A A =5 QAR o] o= o5 B Y] W
gkl E (transformation matrix) F42 3]
oF &l7] wiFel A4tA|te] o] Vady ulel
A GIROBZ} o] AHFE & o|&3ld =
2o F2E 3 FeA AAZ(real time)
o2 Alg#olddr|dw FARIL & 4 g
T metA GIROBe| dvt3g o s -S-857] 9s
A EFH] 2EA ERALY] A3 7]FY 22X
oA thslf 2t H7]72te & |2 3t ol
HojEl H|o]2g3le Elo|BHE|BAM LFHa| ol

Fig.4 Js—10 robot following Spline curve with
inverse kinematics

& da7t o). GIROBL 4 AlgdiAez
AU J-103 oA TRkl R 22X
o Wisl g7]F-5te] & colBBE 53U
on ¥ =EdAM =g AT .
Fig.d= GIROBAA J-10 2Ro] H7]+1%
o Mg 7o AHTAE met SFolE HE
HoF3 .

U¥tHo s R orjFile sH&F FalH,
2x52 ZRIE £z}, ¥4 BEiy, 7 ZUE
o] #-8-%2H 9] (allowable range of motion)dj
met A 7HA 37 EAEHA 2. S = Fig.
o HZH A Wik =¥ 4 A= 2713
(ELBOW-UP/DOWN)E Xdod339 t}), oz}
A ol 3 FolA 71 AR HE Aok
e Hart el FZ2e Afde ol & F
A & =] f]ANA 714 7}7E 3 (the
closeset one) & A €3tA Hold ey H7|4
o] & = AA Qo] 2R ujyE o
Ele ¥4 PARE Fue) Yoz gug.
olw ol &7} o s17he HA/ME AR
AolA, & ZRIEE g3ol= Avl= &2 =
AES w3 ole=A HYEEF 715X (weight)
= ALY 7= A 2 T o WEE
o] 2R HRd EA35lo Zi7kE Mt FEE
Yorle A-vollc W s dEEejof o} o

Fig.s An example of two solutions . ELBOW-UP/ELBOW-DOWN
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gq dutde s BE Tt sl €Y GIROB
oA +% v, AEE dg7|ed FF o5
ujetx] HFFHQ HE MY 57 USRS FAT.

3. ZHMZA|

ZHd (interference) o] 5+ 718 EA 7} &
Al 22 FHE AE3E A= EAE U
=H o|g|§ A8 A AFE HAsls AY
& 7iMHAAMinterference test)&tz EFE&U}2,
AR AN BEe] H=E A& (robot path plan-
ning), NC ZFZAZA & (NC tool path plan-
ning), =HA| ZRY, £ AF"Y T4 &€
T}

BE 259 AlgdelAdA MHPGARE F7
2 B0 2 AMGHU. AHAE 2XRY 7 "
Fd0Ete] Aot ERA|A d=olH
B] (end-effector) 7} T &@#lo} & EHFHo] Fo]
Hed wief I EHEAHo] de]A WA (base
link)&] W5 A FHo=(HA2 X2
g glel Wol2 Pael WHE Ty =
Ho| $F8= o #=3hvic} ZE0] dojd &
ol sl viwEdeIE T MHAF-F AR
the, 289 Z vjEolHE &FAIAHk &
C}, FHAl= &F53%c 229 &4 riiEdelH
o} 2| ZEA| & 7he] TR Aol 20| Fo
7 AP S TP 8tr) st AYF A FF
oj= 7-fol &% A9} FE0] dolgd 7 UL
D2 HAAE Fitd SEFHRE WEEEA
B2RE FFAHC 5 £ 97 BN FE
glo] FoiF AP E FHE = UES FAYPYAR
5 2= A A 248 (collision—free path plan)
o] g 8 3jr}.

A AARE 8] YA T EA 71
W (intersction) & &A= A4 o|tiP¥9, 714
AAL gaeElEFE M AAN] tiAte] &= BA L
HE WA woh g2 7kA] Yol UL & Ao
+ A79AM = 4 SR E CATIAR RE5d}
A, Y8 7)o 2d= thAA S (polyhe-
dra)E HH3e2 5 chAdd g 7HIAAL
UAYES LS. Yt oz AR o Q]

27 4

T ol

= T 2A71e] PAAE HEAME @2 A4t
7ro] g =Y 53] 25 Alade|HAMH A
202 $X7} ¥iks EAE HAAA R o
e Aaers daz @l ageg 2A7
M HAAAN EazlFe] AlasEE F0|7]
st i YAA-FHH ¥~ (min-max box)e 9|
8% FEHEIY] A7 d4, 1)
dtA (overlap box)& o] &% IAHFrEHe] A
, i) AAHFRAEE {He] MHdAA e Zo] Al
A2 FASEH oA di AEE ol
of 7bs| 7=t

3.1 HA-HUUAS 0|88 77 HSA B

B Ao EE ZHAAAN HHE 7| &4 L
2 5 EAe @i @ Alele] 7IHe HAAFPI
gEd), RE WES YHoE FAHAAE B 7
o= B= AlAL "g 2EHA "ok £5 oy
o] 9o oAM= F EH I THAde] dojut
Z] k= A97 HEo|RE o] AT F E
A 2E BE Ao 2 FHAHAE = AL
Al4ke] Fulg ZEA A Edh wEbA ZRE HAL
o] A& SUAIZIZ] Sl 7 BA o T
dol dold % U= 7FsA ol pte iRk
wE dhHo g WA Hgyd Harvt U ol
A8 =¥ Aol HA-HyvtAE o] R-3 M

Object

Qverlap box

Min-max box

Fig.6 Overlap box generated from two min-
max boxes



2R Z2IHYE A% GUIgt CADS] 3§ 205

V54 d3el A4to).

Ha-H AT Figbols B niel o]
Fo] BAE ETFT £ s HAQ A 3
Q) A& WA (cuboid) & Wak=g clwA el
7} 2 Ao FHFFoaRE AA AT 4 9
ok, ZHAZAN] AR F EX 2R -y
MAS TSI o]E £ RPN E o] L34
H-w ZHAAAE S8 X C,=36%e]
AAR ] FHsARE o 4 Qo el 3
2-HYutAE 0] &3 THYZAF B 7Ho] 9
oulx] @ow T ZH Aleldj= Mol AH gl
oo ghge ¢ a 182 gow A4 % E
A el Aol B FeAe] Qlenz ol e
FUA o FEA3 HAE BEY A o RE B
e o} B},

3.2 HY LUAE 0|2 ZHMER He| MEY

Hr-HAtag o|R3ld HPAE P T
A7 7bd el 7hsAdol ity BEslE A S =
A& BE Ad Wsld FE EAAE %
Psto 2 HNAAYL AR E & $ 9ot
o] 7L HA WS Ade ¥ Frl waly
2 QoA 7He] dol @ £ 9= FHUE
£ Adsld 1 FRHE WAL HYAAS
Fele] M) Lo E ARe EY S
AEZ A}

B AT ALg TR H] ML o]
A utxo] A7 oWy vtrArRE MHFE B
A Mygolals % GAlE R ) wWa o
B3 wtae] AL o] dolt § Ha-3
A g o] &3le] 7Hdo] Yolgd 7HsAe] Ut
d9& ¥Iet= JSUAE e Rk
Fig.62] 42 5 Aix-Htrzshy de
28 vrAg vehlsdg), ol WA ewy g
29| x3{ o AL F Ha-Autaziy
AL = o] Hi xFE PN HUge 3}
o Qsa, x3txel HAge T HAa-Hu ks
2BE de T Ho xgkE oA HAZ:
& FHslo Pk on@ Ao Unix] y, 23
BPEL 2L wios AAHT). rle, oAz}
Ae AH 7 ooy urag) Axe] F B

Aolo] ZHo] Yolg 4 Qe AFHBES

 Zro} e AEREL 2o TE WE &

A I He] dFFojgtr oW vixe9l IH
S HE LEh 7| Y viae}l 49
Aale] 7HH oAF= 11 e 7 FxHET v
Y HhAe}e] ¢l-ol% HIAE(in/out test)E F
3l tddd] & 4 TP Tl ¥ EAe B

— "=

o F 24 e o] HE dojr] g
Aelw 18R o Y FRUS7|E ol 9]
H-H HAAE TR RRN HEFHY ILH
QR E WG = U

3.3 ZMNERHE 712 ZFMZA}

T DAHAFEHE 1] T ARE HFHe R
#AEty] A= 4 AR o] He
= M2 7|5 (base face)i} ZAH (test face)
0 2 rojof Bt dE&EW Fig. 7ol A8} o]
T A FAAM e 8 A AE AYdle oE
Z15Hol2) 3tal v 2| BHE FHAlHL R A9
ot 29 ¢ F o] FRE HHAARTOn-
terference test space)Ql HIEA| O-uvw= HPE
o} ket BYAALE F8Y HEA O-uvw
= ggs} o] AR £ 1EWe Y
o] ¥ BAHE 94 02 42 o] Wg T§s
= § BE usos BT o, o9 239
1 HE IR HE Al EA e vEE
Astn Ui wase uxviE Aagltl, ole} 2

Face B(iest face)

Face A(base face)

Vv
/ Y w
x r

Fig.7 Test space O-uvw



o] AAE O-uvw HFAZ ZH] A HEL
HEFo 2N F Wo did] D PAIE sAE
TH| A2 St

niReto 2 ZHHAL 33T O-uvw Aol #]X) %
T Wl ¥ A T H 7 w3 ghel
A Bl=RAE JHFLZH o| R F 7|E
W OAE XS A= HUEg AARE Be #
HE AlollA i C& 9% Thd wHo| &
A B1A) o F W Atold] Zhdo] HE o}
A @ AR AEAS 7 A I8A] @gowm
w7 C71 71FEH Agf Wi Exdt=R] o F

g AAPElY HEFH o2 HAEE A A=

Fig.8& GIROB-& o]&, Z} vju]&Egeje] g}
ZREAE o] DAAALY o8 Ba] F3 Q)
cl, oA FL Aoz FAE AL 4o
Yot HE VERY 2 Sl

1= 1. =

4, =e}ol
ming )

2728l (Off-line program-

exElel 22adYE AT A2{Y F
83 B3 Fd shuks 2R =203 4dE
54 71859 23 FeEA fda drbHe|x
=YF ez 9 dua s At 0
£ 98 emall T Alxge vhekdl
2Rd HEE 7 UARF EEsd T2
EFEE AFsol s, £ f49 21 Ao

7 1..:\“\\""|L =

,‘i\‘ \I""'“""

i" "2\ h
A_!'E-.:"ﬂ-_

Fig.8 An example of interference test

HA A

1Yol A 2R Aogo|ex FHE
FAEojop jitt. watA GIROBAAM = ARl L]
exzlel oMY L WA SHdE E2X
Z232PL GIROB {2 FH (o]s o|REL
GIROB =& =z ado|g} A FJI}) 2 AAE
7 AEE FF 9 HYE NAsiET =23 Y
vtE el 2 Alojdojge] FA4& E£43H4,
GIROB =8 Zzade] F&eld & o]F ¢
olz HPEr HQ3 APE T XTHY F+ 2

E% 3T

E Aoz =Rl EEJEH“JE- 2 8-3t
= A¥gatoz J-10 238 HAdFgen=n
ol#e] GIROB 28 =213 844 |5 A9
2 #at J-10 221 E TF5 ASKOE ¢
2817 2§},

4.1 22 =g e4al

24 GIROBAA 28 =z 12 o
shbe] ez ol FolA A BF Walelr) 2
Ho] o]FojZTh A7|M BHE i)sE, 7t
£, ¥ Fo FASHES AHse= A,
i) 2R FARAE AFoh= A2 FA
rolAe,

Hz 28e] FASALE A3} HHES 4
2] 2RA o Qo] AT 4o UNiFe g
&3 22 gl & AdH.

Instruction  numerals [ option |
o 7]A] instruction2 ZXe] FAFAZ G}
= BHo| numerals® 1 542 Fh& LIeR]]
= gx|olw, 183 option o] FAo| BEHE
AeAE JERITH J10 226 9ol o
deao 2 ALWAYSTH ZoAse oA
2. o] BAo] vlE v} BEIT IRz A
z olJA ol E AlE JFHE vAETE R
& 3,

ol F FAEAME i3 FRE AF3|HE 1
Ay7l Fold #AAHTAE EEII= =9
(flag)sat 2o ME FX gk, 281 F4HS I
7|93} ot dh=tl] Table 19] o2 ¥ HHE =l U
3t GIROB 2% ZzIagjdA] AMEE &9
(flag)g vteldiglc}. Table 144 numerals<-

o
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I 549 %<, optiong] Ax o7|M AFHE
S50l ol 9 BE FAEY IS vIvk=
AL Yepdt, olo} 2 ER9] FAFAHLE
Ehlic HHES 398387 Y84 GIROB 2%
Z2ade ooy e Y= Y.

Flagn  numerals [option]

T, 219 $3HHEe ZUEEYH ((oint
-interpolation method)® A& ¥ 7k (linear-
interpolation method) 7% 2 FEEH =9 =%
JERZIYo|H ojF EEHT A ¥gle] 4 FUE
A EF&ojof & WHYRIE +Fd= Yol
AHEIELE AT F1Y Alele 34 F=2
= e S0l & sl Wyelt). o E 2R
2] FAAAE A= FHES A B4
AHojo| A dytgoe 2 vFd Heje] sjoj-yd
(high-level) HH|EE 2R} 1A o]y
g sto)-wd HHEEL AdEF R J1F 7|8
Al o] R E B5F HEe| 71e3H. 4 F
=49 Js10 2X2] ASHojdlx o{717] sle]-
¥ W&o (approach, depart, draw =) o)
T4 3R 5 o]lE WHOEL HoA APT F
Aol 7t 7183 FAES AQs HHAR
25 X¥o] 7lesi.

GIROBelAM = wefM o] 3to]-#Hd 7|5 &

Table 1 Attrbutes of robot motion and their
corresponding flags

Instruction

speed
ACCUracy
acceleration

deceleration

Table 2 Robot motion method and their
flags

Instruction Flag

joint interpolation JM
linear iterpolation LM

T 25 2|Y{EE] GIROB 2% =21 o] %
7} A3 A =F olg FF Al 7Y 712
¢l HElo|2Yt RHEHEE 2¥9 $FHHAY &
A =228 ¢ AT 74 ZRE] ¥ E AF
led 28] E22 ¥EFIc) Table 25 28
L=} o]& GIROB 28 2 I1YdA &
237 f 94L& Jehfiz gl GIROB 2
5 IRIAYPY A 2R FAE FES= HS
TSt 22 F8iE +A4 €.

Flag numerals

ed 7|4 numeralst= 289 7} ZQlE9 W9
= el dde oA2A 65 22X B+
= 6719 A E T2 o] FAHT

Numerals=)tl jt2 jt3 jt4 )th 6

A oA ARk A9k GIROBY=
3 B4 4REL AYs) 989 g BHs
o] EABAT AWBAY Aekshrl2 B,

4.2 FTx2|

Autd o 2 2R A 25| Al wet 4]
Z E78 B Ao ¢do|E AR5 len®
ARz 2EE FTFIH7] 93AMEe GIROBYA
exelll T2y 2R T2aPoziH
54 7189 23 Ao 2X Z2a9d
A4 7 UARE s AT Fo] A
771 B8 22 AojdelE I S4A44 o8
Mz g2 48] 129 Ee] e o)E
FAele] FIWYL 4t & 4+ Aok o
gt4] GIROBO|A &= ASQelE 4§ FAHE] »
B FHIRAR o9 FEE A9 v &
Azl n8E &4A g = Urh

Table 32 2|4 A GIROB ZX A
2P o2 RE, ASHole] 2R AojxzzT
oz AAAE 4 e diY d2-FA Y sy
A BgFa QQTh 259 FEE A s W3
& YUY oz g Fo] & HL2
FEH ASQo= 219 $AE AAs7] )
7} ZR1Ee] AN E A8 F S o]F XE W
gt (joint displacement value)eo|=tdled ==E
ZEFH YHoM g WYor AHIsing,
ZRIEe] WHYEE ASHN e X¢IEHLZlon
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Table 3 Conversion of motion attributes and motion instructions from GIROB to AS language

GIROB robot control instruction AS language
" SPEED nurmeral :A: SPEED numéréll- [ALWKYS]
ACCUR numeral [A ACCURACY numeral [ALWAYS]
ACCEL  numeral LA ] I ACCEL  numeral [ALWAYS]
DECELL  numeral [A_ | DECEL numeral [ALWAYS
JMOVE

#PPOINT(t1, )t2, it3, jt4, jtd, jto6)
# PPOINT(jtl, jt2, jt3, jt4, it5, jté)

JM il jt2 jt3 jtd it5 jt6
l LM jtl it2 it3 jt4 jt5 jt6 LMOVE

geometnc

=

GUI SOLVER

GEOMETRY

point
vector

viaw control

picking

rendering NURBS

meanu-driven

transform

- programs

Inverse kinamatics
interferenc tast

offline pmgrgmming

Robot control

robot & workplece
Input/output

postprocessing

file input/output

Fig.9 Architecture of GIROB system
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FE a9 HE fe-sid Aq77hA] AYE
2| F U= 3= Ao w A7 = HFH
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GUI 7%5-& AHe12 dlejF GIROBE ¥l ¢
212817 48 Qe solAv} H =B §ivd,

GEOMETRY 7|2 &4l RdH3AH Y &
2o AYA=2 YHa) 9% Aoz NURBS
(Non-Uniform Rational B-5plines)& o©]|-23}]
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Ao AeE YA ¢ AvH. B8 F4E ®
4 A, o[FAFIZ] AT AR ERV|F
T A2gel Fig.102 GIROB A| A" A A2
He 7les A4, 48, 9, 43, ARS4
52 71818 aid(entity) € 2dg) 31 oo
t}

SOLVERE 239 £5& AlEH0|A%7] ¢
A HrlFEe] #E FEn, BF) e £EH
= 817 8 BAH-PAE st =gkl
29 sdldls 5o AireE 32
+ GIROBS] Y HEFolgtal & 5 QUuh
GENERATOR:= GIROB 19 ¥Z3s
2R ZZIYE FAHesY 54 71FY BEE

AolE & JEE 2z 2R 7R gh= 2R

Ao Aol & B Eeolv). o|F 98 =89
71%0 wet 7] vhe FAEl7] (postproces-
sor) 7} I g 3},

DBMS(Data Base Management System )+
GIROB9|AY s o] HolElEgs s
Sro|t}, 7)ol CATIAZRE puls € 21
ol FEE HE HoELE QEHo| A ER
Y-S o]&, WS go|Fo|AH o|F H9
B2 GIROB AlA®] 3f-9] Hej & A F3}a E
T8 7F, & AlA2deA A-F== NURBS
HolEt=& A%, 53+ 7l%, GIROB 2%

Fig.10 Geometric entities created with
GROB system

ANZ20PE AR, FFdl= 7|5 50 £¥
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Fig.11 Letters modeled with NURBS

Fig.12 Offime programming
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SPEED 30 ALWAYS
"ACCURACY 10 ALUAYS
JHOVE APPOINT (+61.95, 29.28, -102.91, 24.40, 44 B&, -107.8%5)

DELAY 1
LMOVE A#PPOINT (-60.20, 35.85%, -¥1.36, 24.20, 39.77, -109.03)

DELAT 1
LMOVE MPPOINT (-59.2Q, 39.47, -93.23, 20.47, L&.56, -104.89)

DELAY Y
LMOVE APPOINT (-%8.19, 36.20, -92.82, 20.42, 40.85, -105.73)

DELAY 1
LHOVE APPOINT (-57.17, 38.96, -94.21, 17.50, 44.53, -1Q2.47)

DELAY 1
| MOVE #PPOINT (-56.15, 34.75, -9%,33, 17.72, 39.44, -103.86)

DELAY

{MOVE #PPOINT (-57.46, 28.10, -104.91, 17.94, 4b.44, -103.02)
LMOVE #PPOINT (-54.31. 27.87. -105.32. 16.29, 44.35. -101.80)
LMOVE HPPOINT (-55.11, 34.53, -93.73, 16.07, 39.37, -102.55)

DELAY 1
LMOVE HPPOINT (-51.97, 33.99, -9.67, 11.07, 39.19, -98.63)

DELAY 1
LMOVE HPPOINT (-52.81, 27.29, -106.28, 11.25, 44.13, -98.12)
LMOVE #PPOINT (-56.31, 30.09, -106.09, 15.49, 47.24_ -100.46)
[MOVE APPOINT (-55.11, J6.47, -94.47, 15.22, £1.96, +101.44)

DELAY 1
LHOVE APPOINT (~-53.02, 356.11, -995.14, 12.07, 41.89, -99.04)

Fig. 13 Portion of the robot control program
writing the letter in Fig.11
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of A EMA (real world)E e

H A A

Fig.14 Js~10 writing the letters “WELCOME
TO GROB”
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