SR FEDI 2R 2002 £ LS =2 pp. 398~403

oxztel XYL o] 4% 2t 2R FRA] A2y A
Integrated Control System Design of SCARA Robot Based on Off-Line Programming

SECIEARIE R B S AR

) 1

1. Zddista Addistd 714583
2. 9¢Tddist
3 EQE(F)
4 AGUNSL 7 AR S B
Abstracts Akl Axnbel AA APHJYJm, £ AdEH
ATk o FEY 2R 98 AT WA
We developed a Off-Line Graphic Simulator which v A" AlA"e ATAadge 239 walo
can simulate a robot model in 3D graphics space 2 g3 e dAolojA, A 2RE B T
in Windows 95 version. 4 axes SCARA robot was AEse s Ag8A wHstd AAE A
adopted as an objective model. Forward kinematics, gAsirl i 2388 A7 QEs ¢ A%

inverse kinematics and robot dynamics modeling ste #Ad oz UYFsa o}

were included in the developed program. The olZ A3lo A Z+ 2AY 2EE EI A%
interface between users and the off-line program = AFGRE Zy|go] 9 Aejolw, Al Al
system in the Windows 95's graphic user interface = old tAslr] sty z2+E A 2AELS £
environment was also studied. The developing 23 Bdol SAE olFAFL
language is Microsoft Visual C++. Graphic libraries, ol &g ulel Zo] A E%E- 23 nA
OpenGL, by Silicon Graphics, Inc. were utilized for 23 AAE Al2Ee] AE Ay 25 28
3D graphics. qlolk ojie Lej WAow WA, A% A3
2 37 YaM= Egl Metele]l 8w,
Keywords : Graphic Simulator,  Off-Line QAo FRE AR e mA, AT
Programming System, SCARA Robot, 3D Graphics, Ago] o]Fo]Hot f&E}_ TE B3 ZFde A4
Windows 95, Visual C++ Sodle HAY B2 Alzko] 28H3, A"l
dEE wAd e HdF HsNAAHAAE B2
1M € A7ba Wl go] 2eHE £AMol vk
ZzzadRe HaMe AF Azge] FuH
A AdAE QgL WE w5y 1Y ojof 3lH, 2o 2 F A 3 AAA T
3o} 2uAFe 9EF AL a7 AR HAE AFEE UAHA AH[1]
Ahtslol s et 5SS Ax gtk Fd AA ol2ig FTAMLE AA A} FASG BAHES
sty FAE AFY OUE} AFE FHY ©OF 7R AEHOlE] e xepq] 2oy AlaF
59 W, olE WEAFZ] Y3, Ay ¥ S ojlggozH A" 4 U ez L=
Hildz HEY 5 e sddE 75T ojHe g Aade AFE oy Wi oF
2o AR 9 49d 9F¢ 879D %7l o FEs 4P 2P Ezadw dojzd =
&0l o Rol) AH HIeA i 2R Z2aHe )
ol Qlitd &7t 7 VY& FHLE ALY a3 4 Qly AW XA E2]
AL e 2RO =98 EI FHE AEgU) aeg ox# T gy AAHWE off

—398 -



sw 289 J1E FE FA ABeoldel 7
Setul, AdmAl, AHAY, Ao} FueFE 5o
A L AEHtE A2ZEQIZ 98 F 9
=3

b

wepr] QIR o2 WAk HAEAYE 5
gt AAEY AdFd=E ARG F
SAOl Zdele He&t HAHE Lol %
o2][3].

olp] e oxaty Ty AlAdgdE
ROSI2, STAR, SILMAAF A 70 &k CimStation,
Robot Simulation Ltd.¢} WORKSPACE, BYG
Gsystem Ltd. &} GRASP, Tecnomatix
Technologies Ltd.2] ROBCAD, =Z&#]i Deneb
Robotics Inc.2} IGRIP% ] AvH4]

a2 dFEY ¥l Togy ALAHE
a9 AER dEEHe)AT Y HEsEsE
EoAe FAely, AF7AA MEd gFEY
exgtel T2y A2 Y2 oA
w&EHooF st1, 1Y BAR oA BHA
852 &3 Aot

ole] £ AFfdMe 27letd ZE oidt 3z
4 g AEdelEd exep] TR A
2dg FA 49t PCo 0SS A= 95 WHe
z s dch

AL 2R 2l 44 SCARA =5 SM5E
ALg-3te, o] R g HAri7E, 7|7 3
e Zaadgd o4sed, 2X9 F9%E
2dygste 2o EeJHFo] shestAl
.

A= 959 Ty ALEx AE{dHlo)A~ A
& o] &3 A8t e EEQl 22 oy A&
9] QlEHe|zd ddte AP on, HHST
AR AYH Aoy Hddo] 75t EE FAH
o] glt,

e AolZ= Microsoft Akl Visual C++&
AHgEk en(s], A8 E 1 gaAly oy g
olB# 2]l OpenGLES Al&3te 3zt9l g o]

*_

_7

29% RES B23sH 6]
.e=EEe Z2ady Alade] Fulzd @
-E—Xll%‘:‘ 4

2 A7) gy T2age WaAH A
&4 AuFol2g Astel nYe 1AFH A%
¢ 2B o)2E FES AANE 334
A dolgrlolae] 7% ¥ adgH dueF
Fgol Washl "k 53 ¥ AgdclHE PC

R PCoM o] &
51717} *J%%l 7G2S, AEgdolgd Hgsl
7] HEA 71 Y EL £ - BYde A
&3,
e aHge A% dugEFy A
Bl ZAAs 3a9d dAez
th o olE A AA HAFANM Az AEAZ
o WE 2 A4 59 7igo] TIHUG
2R E o] &3 A EH)E Y B U wiw
3 AMREE 7% FY st Az A @A S
olmR E AFdME wo A AAYNE

+

BT e 715 ZFUrh
SEAQ ZzadRe 2R} g EAE
qal &4, 28E AAG F9 AT 2H=
stole] ez EME EIY 21HEA Hl4
233 dEFE Y F ASE ¢ F U
Ty APsxe Az Jstd 24, 29
AAG s9xde YA AN Ade Y&

Bgoln AgA B FAL A &9 A
98 #¥e 2 + =% Zzadol THH

24 2 239 AAE Ao 2~ B
o A QYA AL AFEH oM F
dol 7testA AT

o] A2 wEe AES FUHoR F49 7
AL FAFEAA AEo] 7hsaAt dygs4r
AsE Fgsforgt gt

+3x8 daFLZE Phong S9A
A& ARgEHE o WY ‘I‘/l ‘ﬁ’d
o] &3te] Wl Y& At 2
34X Adog BHoAEr

i o

e}

B

[o
4o =
o,

-

A7 % 2

249 44| | a7

Z-w 3o 2% Phong

B AA| | FIAY

o

A,

o

ad. 1 £949 58x

v
e

fob

]
KT

ot i
flo

o

2

o
{

, &1 AAS FIAAA HFH

o WA Z9r1zrdg 4

ANHezRH Relz e wWEE

T -] Y 24, &9 AAE
A g st M2 g

rd B oox 9
Ry
&k
o

ot
o
of
RN
ic)

-399-



eEel ZRaY Mg A T E3HH
ojof & AlgtoZ R. Bolles®t B. Rothe th9]
5712 £48¢ AFIAAHR]. 28 3 9 ¥
sjojof & el 7kA 47F UAAY, I 2
=& E Bolles® Roth7t d5¢ tha9 571
A gad AFste] TR NLEdc
exepgl ZRIPY AaEY THRAE O

3} 2},

o ALz} QE H o)A
o 3x¢Y 2da

o 7] 75A o gl M
o A2 % oEdHo)M
o 553 o oA

ALgA QB o) AE Xl T2 aYT A&
ol i Apgxte ALERY §5 2 Zzady
dlolg @zt 4 Hsfor &
Az FAGAE qAE 5+ A
Abgzbel AREzE QlE wio)2 WA shEo]l HQ st
oH21[31.

z2a#g s A AAHARE o F
Aol APHEEL oln x99 9B BHe=
Upgrade 3t®A 2" ol =9 957}
NeHez AEAEY HAE At GUIET
S A8y dEeolths]l 2=z Z=aHY
Alzd A9 95 WA AME OSoiA 7]&£3 e
2 AgHe 98 kA dEda 4 ehea 7T,
927 7% 5& Alesld Z2a #e 4 A
£ E A & ATk BF ZAEAE W
gaat AdA AFEHEe 8 715E 4N ¥Y
A A A AHgaA sted A5

339 298 #AFH sddd AAHe =
£ AAe, T+, AYAFol EF 3Ad A=
masyge AL 27T £ o] 339 R}
g g BAES oyl 7%%E JHHok
FoH2](3].

o} #Ao ois] sidd
R aatel X AFse zHE golEEgd
OpenGLE o] &3l 3x¢ 2d3xs FAHSATH
o] gtolB )] Al o g sl HFE £xe
Faol teen, TAHLE ool dA 7E
9] Windows$® GDI(Graphic Device Interface)ol
A E2APD Rz AEAYE d 5 AU
(6).

71783 A Eol e 334 AlEHlA o

__Qm

Zzagdde 492

A AAE FESA T8 HaA gasit
7h 2R H7|FEE Hy|7EE Zzadd
EEANRoZA 7HesA o213

SCARA 2% SMbe A, |7]3dte] ZA o
g2 ooz suy TaddaE F4L &
oA R ¥4 (Subroutine)d wE FAAAsAd. o
710 71& 2R Link Zo] W3 FAME |
WA ¢ JEZ ZF Parameter AR E AHE-A
7t F UESE e ZIvE A/MAFHT

AZAE oEYolde xZEgd T2
Alz=glo] FgelA sy Edgelel7t Hate
28 A3 o EdolEsdoryt dr o]
ol 2R AL HAAe FEH FE
B3] o &sts FEAA Fasio[2](3]

o] o] s /MLE TP 5709 A=
A wag AFse AYde AlLSEE 1
Atk Ax$ 959 tiFFAE o8 JHt wA
AAE FAG AZAYEE A

vheF okl LR Alz=do] of7]e] 7
2AY 4185L & dEHIES L, Al 2R
g =8 £E2 Y3E FEE FoRtH, T2
agdd zosE Fe FAHA 542 FAT
+7F 9tk 2y ol F wE &2 2 o] AAH
A4 olF g2 FAFAHANA ARE FAIEU
AT QFE F2Y & Utk olgF 4 o/
£ ANgHolES ] 93t A& FHHH g
o]Ae] dasui2][3).

o] Eajol dial swE Z2IYLS 6] HEA
of o3t Lagrange-Eulerd4 & o]&3% SCARA
Robote] Tt HAAE T3, C++2 A3}
o REgLEeigel. 7R 598 wAAdE
2R iy Eelg s TEsE ARAL DC &
Bol t§ eESAAE A nelsted 2o A
AN "ol 7i7tE Rd¥EE A i

tio wd o of

3. Algd Ax=dle 54

g3 e
vtetdich o xalel Tz

AN2ee 34 Setting ¥ Teaching, A& o]A,
Ae "grlel 3xroz I Ud F dvh

Setting 2 Teaching ¥l = Parameter A
A, AEA ZA, A8 A4 5ol FUHY, A8
gold REJME FAR o Ao dnyF
o3 FA3E I Ao AEHIHAS ¥ &+ U,
q%

T
H7h RN E FA Agdold HolEd

— 400 -



9@ 349 UMl gR AdendFd T

% A%l +98rh

Off-Line Programming System

Setting Evaluation
& Teaching

1R

[ Simulation }

Controller 03

. Settin,
Trajectory 5 Graphic
Planning i Simulation

*  Reobot

Dynamics
— Numerical
Dynamic ug a;m

Parameters

Settin:
e Tnitial
Values

a3y 2. e=Zgel Traywy Alage 74

Analysis

Zzade AW 29 3% 2o EFrke
st Z7)&o] o,

=
T bt 23
]

oW Azga A4 2vE 2R 428 A% R
o2A o J%EE AT Tl Aot

SEH ZaaP A2 wAYC #F A
2, ¥F A% dolg, AEdcld AX deolHe
TE AEE dolH gdZ By 4T HH
7t ARl e Fdee MEA A8 2 b
A 24 FFAE AAA =, Fdo]l FHYH
71 Aol SdduwelM MEA WEAY 71ES
A4dE Bdg gojor ok 129 4 A dHar
o]l Open B3 o2 &42 inf B4 & delste

Zgold.

— 401~

e Seup: Tusching - SendatanSrerun - Yew. HelE

Wi . . T

a3 3 exakel g AAgEe 27 BE

¥ 1 9xge 2 A" o 7A

FILE SETUP TEACHING [SIMULATION
New Specification New Control Type
Open Work Range Open Run
Save.. Max. Velocity| Trajectory Evaluation
Save as Load
Exit
EXECUTION VIEW HELP
On-Line Change Posture About OLPS
Verification Change View
Comparison Wire Frame

ST

2% 4. FILE 9% < Open B#% 438




£ Poyided{ g
7 Mapord{ g
£ PRI )
# Hg Pavond

L T L Lopa

a9 5. Setup ™79 Specification® Payload
L1 A

Setup HFrolAE Fdg A7 dAM #H
ay Zdol 2 A, A4 99, Husx, 28
3lFe TF 5 AAHY 4 vk Y3y ol
2 AZFAAG ol &4 329 ZolE mm
92, agn AFE gu¥E AAHL + Uk
AFddAA vwdAe 4 B4 A FE5H
AE ARY + At HAAHKEAHY vFdME
#4EZ Hdg £x9 FAE AREY 5 dod
of BE ZUEL AX Af N AQ £de=
ol &€ 7t Wy MY Alv dFie AR
FAE st dEFATE A e, o] AdE|e
A FIREY vl92E o83l d3s FXES
719%. 2 52 o uistdatEdd A HelHE
AAsle Bgolh
wAE WA dellA dist ARE FE WA
BE AZY A BdE BEI, A9 mAA
HE 983 F 24 #3dS AZFoRHN o] F
oMt} d¥sldor & WA HRERE 4 FE
A Adl HEANH 28 AFAH, 3 Az,
agla ARHE Alele] A AEyel Ut #A
AFANMY 2R AFH 8 W #-e #A
& 742 gEgtoay o325, Aol I AN
o 2R AHAN dHe 2R wok 7 Ax9 3%
A #E9 A 42E A4 YEFoIR o|Fof
Fd, BHAGE 2 992 gYstool sta HA
AgHozs Cubic Splined, LFPB (Linear
Function with Parabolic Blend)®, B-Spline®d, 2
A BT 935 BIPHFo FulE] o] olFd
drixlE et oge 19 62 HA 2R
FIARAE qASE eZFe Zaagl Als
o WA} dizpdAte}, wA] dishdRilAl A g
WA E W, AFHeR AAE HiFe 28
F& HAFa gt

a

o o o2 o x

—402 -

kb : g

.....................

a9 6 @A UE gAY BHH B QY

AEHold HwadAe #32 AlFd o) &
g g oA AEHAE Fa FYstux 3
S 3k 25 ooz HAFY 3
AA mE & & YR old o} AEH|A
A gl oz Ao FF 4% Hrvh sbEslz
2 ZERo HLdE Ao duglF uAY HFA
S Bad = U, AEHolAe HEd g3y
FoZE J|& UL Ao dY ol&FH+= H
d-vEAo], 2R FHE HAq 7xe A
E3A, aglz 7bE F2 Ao ol&S IS
2 3 &gtold RxAort FvlHoe] gled ¢
% e 49T 4 Uk

2 99 dgrelMe ddte AHME 2R o F,
AzZp R M, dolo] Zeg) RE2 AHE Fo
7AEsidh. oY 9% A4 ARA Aol Az
A ME7A TdE BEolth 53 AAHA ¥
Ae 22 AFAARZ 7T

dE exEl 2oy
Microsoft Visual C++ ver 503 OpenGLE °]&
sled @A A} Visual C++2 Window T2
Fde g FRFHE AXY F e MFCH%
ZtF Wizard &, 7183 < Source® AELE =
FatdFE Jse AFI}ER, idd z2ad

A thE oYy ALEAEY oS Tds] §
HAY oldd" 4 gt} &% Visual Editorg
Ate disdAy, dyw g gdE AR
NEE FoH5] OpenGLE M 22 A4 3D
Py gFo2 FA4sm & LibraryoltH6l €
S oA wE 3D a#Y THFG 49 =
2 oz 22 Jge #8353 &

=)
o

Nawe

LU A Ry R A

M
£

A},



[

iy Wm W{W

Sk eunty o

£OTRMT

a" 7 Aoy Ad

a9 8 3z

[

Sk, TeRcli wii | Evaciion e

298 FgolA

A& # o]

Feaiiy

TR

At

a9 9 2] &A,

AEEERCE

—403—

o frn ToMrig S Fu e d B

¥ 10, gelo] Z g

uo

4.4 &

& d7elAE PCo 7I® 0SY 9=% B 87
shol A &85 4% &7t 2R W@ 334 2
Ay Agold E& NEsct 344 a4,
HAY, 7173, 93, Ao dmeFFol ¥t
3, ARG AR QHACIAGUDA 712, W
B 3 dEEAER s ezl Z2aYY
AN2ge pgsen, o8 F3 229 2y
% FaeRe 5A4E U 9 £ IES
stgich 71&e oy Frrdel ABdelds A4
2R A AN £ Qe Vvl gez o
AT olok A
& d7e AWled QA7 AL
o3 3 HAFUTh

ZAaEdH

[1] #Rlz, &3, FF4, ‘PCAAN 245E 2718

¥ 2RE oIgql Ty Aaw) o
5 7} A1Ers) =23, #1949, pp. 568-579, 1995.

[2] R. Bolles, B. Roth, International Symposiums of
Robotics Research,, MIT Press, Cambridge, MA,
1988.

[3] Craig, J. ], Introduction to Robotics Mechanics and
Control, Second edition Addison-Wesley, New York,
1989.

{41 G. Wittenberg, "Developments in Offline
Programming : An Overview," Industrial Robot,
Vol.22, No.3, pp. 21-23, 1995.

[5] David J. Kruglinski, Inside Visual C++ 4, Microsoft
Press, 1996.

[6] Ron Fosner, OpenGL Programming for Windows 95
and Windows NT , Addison- Wesley Developers
Press, 1997.



