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Abstract

SCARA Robot (4
Trajectory Planning
Robot Program-

An off-line programming(OLP) system was proposed and developed in order to save cost and

time in adjusting a robot to new workcells or applying new algorithms to actual trajectory

planning. The developed OLP system was especially designed to be operated in a PC level host
computer. A SCARA robot with four axes was selected as an objective robot. The OLP system
developed in this study consisted of such modules as data base, three-dimensional graphics,

kinematics, trajectory planning, dynamics, control, and commands. Each module was constructed

to form an independent unit so that it can be easily modified or improved. The OLP system was

programmed for a graphic user interface in Borland C** language. Some of system operating
commands and an interpreter were devised and used for more convenient programming of robot

simulations.

gh, Yool whepy e Axule] APl Ao

LM B v ARAES WAL 5 e Aoy 74

Aol AA of 233 9t T-uk}l YAo m

A AgAels Az e AdHGE AAsn Al - AFUYES ] Al dEd A galo]

FAloll AAAS FFAaAlg)z) e FA AEFEE 2T7sHA, B9 Y] THT ALl sty =

Ay Rok Aubell AH AP glow, ol wil 4] - AFUY] o] FoiHol Tof wat YL AH
2xRe9 xgle] FFsn g}y, AAwsld @& wlgo) 2eEE FAFE R Urh

AEFS thokdsl AF 4 (life cycle)d @5 2-ghgl Adae FAHE AAadH Fargt

o2 s ugol w3 wstdk Fub ohy 373e 7Hd AlgdlelEa 22Z-3l T2y

Py B g (off-line programming, OLP) A] 28L& o] &= g

Asle, FAden AARRs o Adseare M HEZL T A O OLPALRE ol g3 2u

AN, FAsAREG AAY ﬁ'“)r Ed 7HE Fols FAABHIMe] shEsi, 2



PCol 4 -85 ~7tetd 2 e 93-glql 2w A4 569

dar4l, AHAS, Aol dxeF Fo A U A
M 2nEYolE £8% 4 o @Y ue
2 x—gql WA g A AsAYHE 73
AAakeelel #pgl Fekg WA sta, Hadh ahiol
qE AwAdsts folshA slich ub o
OLPAl~slo] Age xel wdsst e 2
i strgoll A mUE i} fdHzHdez sbg
T RHES Juelx gF8#H 4 ok

ojv] 7utxl OLPA]A®lell+= ROSI 2, STAR,®
SILMA Aol 41 7 ®kst CimStation,’® McDonnell
Dougless A} ]  McAuto,”” Deneb Robotics A} o] 4]
Akt IGRIP® ol olout, o2 $zxwe]
Aoll4]l A8t el ¥ g olt B3E o] &3l
ek £2815 9l PCrb ciEst=lol] wheb PC
o4 $g54 OLPAAgS] AMe 2352 9
o Sjzssoldold Aws Agole ofelzhn
o @735 2Fsb ASsd, PColAle el
Helol v oleigo] ubmAl sv] AT 2ol
3 qlgh shAl A= FEdsfol ghet,

¥ ompol M Adteld ZREC digl 338l o
sHul A]iralolefql OLPAjxwle] AwrE o2
o}, sfHufae s 42 ~gleldy 2ued dild
AFe, oA s 2e0E A% delH
ool FAekodnl, AHE A ZadA o
A%dzwat bdadA dlgk PTPH (point to
point method) o] o}&] Al2lzlgls, Aojube. A
AlE Aol 98k PC wiAld xAlA o]} ZHEJ]
sbepo] e 7 Wk Aol ol AL F U= NE
o] HZAI714: A&t sl OLPA|AE
2 Borlanda}e]l Colejd o] &3l el ALE
A clel ol Azt shgdlEd ZzaslEgloen,

PC (486 microprocessor)ol| 4 40| s}5slm, 2
HE Aol HE 33 2ehy hviulo] o] Ak
dtod, LG 2R EC] Y A=A LY Aol U
2 &2 A g0l H3t ZAng gsgd 4 dx I
+ ZEdeh =23 2RE Z2adg9e s)z2zFq
o2 ZHE S U@ WAoo 2 Wegole] o
g} Al Eao]Hde 4 & 3147 (interpreter) = 7l

waheie,
2. OLPS| 7=

% EEol4 A%d OLPA~WE Fig. loj4i2}
ol A 2%, Aoy, THE 22y

FHEEE LWRT ot A4 75E +4
471 98 Az dwseld slo, OLPA~dE
B4 2rES T4 84 Aol A gl
e @ 4 glow, BuE Aad FHL Ao]
o @A s Av% 4+ ek
293 BEld: 4AY 2REL 2dYg
33490 229 melFE Bl 24l H=io]
3 A% ohel, ABelold nEeAE Foix
A

22 AAARA Aeldrggs Sl £
] 2B

Foz AYY 7% olgatod AgAI v 4
A SR 4 YES ZHE Weols) o s4e
3¢ 233 9

dEo] zEjE THol: uo]
aig o] AREEe] gz, 4
9 , AAAL, s

|#mgol glon], 2ue

Lo
ES

Visualization

Data Base
L Graphic Module
3-D Graphxcs

Input Generation

Trajectory Planning

| Simulation Module

Simulation ]-——LAnalysis of Results

Kinematics

Dynamics & Control

Robot Programming Command

Graphxc User] |

Module

Interpreter

Interface

Fig. 1 Structure of off-line programming system



570

whal 2 . 4

zeagy 2Ee Wuols e AYEES
A n 9leh, oleldt AREEe OLPAame 7}
Fa o] A, 2 A7 AR Lochal A
Bel mrE Aad TAess SR A5 o

2% s

o

20 &g 2E
7] A diolejuolA REoA & Huol F
Foll 715d AlFold mEolH P& ZRE ¥
ol gk ARG o] &3] AU E B &~
= 7}*13'#’8}#, "Xﬂi &3 ol

wfo]l Agke, w3 o Homo}# of & Lp }D} 2
2E9 7 Yael dgdhs Fug shaiel vebd
}.

2.1.1 C|o|E{t|o|A

2Heo YA4L adPez Ay HaAe
ZHEO st AEr} Hesie}, o] AR THE
o] ok Abokol] wep TEslo] wlolEolA B
Foll4 Ao=e, adid Aejryol ozt A3y
Aol slmejgke] cae, # A=y a2 A
714& stede] Alxgle) gAQl vlue)e FFo
2 stolejzal gl (wire frame) 71 & ARl
g 24 HAHS 715—2403 34
4 7Agells HH 4 H
AL o] &3k, =
ol olgt HA14 2

=1
Sl v

)

=)

2.1.2 3% 2=
221 ol 349 EAE AAAUA FH
988 Adx= Fig 29 2ol 34A
AR zZFAANAY A #HBIE o] eulo] Lo
AHolstn, T chAolM s AlZA2EA L] A
= HEEE o] &-3lod dellAl A
FIFEL AAATANAY Foz WEHA |,
Ax dTEgde]s HLsl] A3

uLsk S ;gl 3}
7

A4 334 olv]A T FAAAL, EAS +F
g @ Agole o) AFol ol A AAHIH
. Coordinate .

Model in transformation Projected
the w‘orld ~™to the eye rﬁscreen

coordinate coordinate image

Fig. 2 Three-dimensional graphic process -

B¢ AL Pold And DAE T3 A

i}ﬂé%oﬂﬂ 3AYA FTHG e AAHTA
A

& AAHIAZ USHA A Gk o] F Sl B
Ael ol AAmTAe Ul Fig 39 Oeel 9l
Sz Fdel BAA YA EAe AIRE
Fotdeh, AAHEA (X, Y, Zu) o AZ2EA
(Xe, Yo, Z5) 8] 713184 B70% Fig. 33 o,
2ol BAY WF 6, pF ol 3] BAH
A% W4T & oo

0
AAAZA AE [Vw]E A2HIA A [Ve]

[Ve]=Al Vw] (1)
4714, Ax AZuPe 9% Ba Mgy o
&3 et

—sinf cosf 0 0
cosfcosg sinfcosd ~—sing 0
—cosfcos¢ —sinfcos¢g —cosg o

0 0 0 1

22 AEdojd 28
of 7] of Jb iii% %5”3} ] $3 a4l iHA
7174,
ﬂa@ﬁ
7é-rr;$§, 7t F7kell A e H§A17) sk
347] (end-effector)Q] 2t =8 A

g HBE o]l&slo] AAAL mEolA A
el wet AAE A48, E
st ARPET AW, Adx

£ o] &3ste] AlgaelA

XE

Ol Zg Yw

YE

Xw
Fig. 3 World and eye coordinates



PColl 4| F&=l3z 4vteby 2HEQ 7 -

2.2, HEHAHE

2rREe Hz X A4oA AE AAd 2
Az $Ao)E WAL Asehy) st RAAEA
o 41+ PTP(point to point) @=L, = 72z} 3 Al oj
A= o473 2 W (continuous path method) ®&- A}

ol A AaiAldlo] AAAEANA ol

T2
2
ol %
4
o
it
[e]
JE
a3

p
9
gl
o
X
L
)i
I.‘E_‘
N rui‘. X oY

32 P ¥ 2 N ol o o

4ol ARAE ed Adke 54E

% 4 EdoAE P ol ==
1 7 3

L
L

2 "

£

&

N

a3

4 F

;

o -

ud

¢

gk
oo
fu b
)v_li
- A
0150011',}11
o o

N
A 5w, olwl ZA&re HoGAE A [ATF
o Zollolele] zlv) Eagtel os) AR =
A HAHL A7 g ol &dhe) BA
2 wgstalch

222 7|3

dul" o 2 Al&-=5lo]x = Denavit-Hartenberg
(D-H) g4 @108 2 gz HFA} shetrld
o] Aol ol &slodcl Fig 4 ~7tetd 2HE
of A4 D-HEA WS o &sted 2zt Bz 523
A% 4HT Aol

Table 1 Link parameters based on Denavit-
Hartenberg representation

Joint ) G & d;
1 L 91 0 Ll dl
> | & 0 L, 0
3 0 180° 0 ds
£ 6 o | 0 dq

ol Zgaalyl AJaw 571

~oebg 2wEs] Ya sielHE Tebw
Table 13} ﬂu}. A7lehy Zurel 39 3am
43 e ABHE T4 (RRTR)S)7 o) o
FENM 6, 6, ds, 67} B BEWSFAL ok
Table 19 olg3te] 71F A7AEAS Baz)
A HEA Aol FAMBABE TR e
2y,

0 Licos@+ Lacosbrye
0 Lisin@h+ Lssinb.»

C0S 124 Sinfhiz-q

Sinfiyz-s —~Co8biz-4

5

—
w

=

0 0 -1 h+di—d.
0 0 0 1
e 2HE zloje FARAFANA Fsled
At A, AdwA, A4AY T 4723
Aol EHslolAch & ETold 4T 2HE
£ gl Gestr] Aol slsiad ez o
ATE EAE A, Fig 5e 2729 =
HEA FAAe HazkE bl Z2Feirt, 7]
i | |
p——T11 ————L2 —
L AZ1 Zz
i e
e e
! | j
| da
d Z‘IW : J’[j X
1 L0 | 3
,01 | -—‘—B
'} : da 7. X
' He
{
o | V23, Za

Fig.4 Link coordinates based on Denavit-
Hartenberg representation
Yo
(x,y,z)
L2 *
1z
L1
Y1
0,70 Xo

Fig. 5 Coordinate system of a two-link robot



572

A, "1, 2, 49
oei YUEES

A4 47 P 4 e,

fE3ld o3 g,
G=tan™! (-xy—) —6*

3
fo=tan™ (FH-2

o3 7] 4,
% o -1 Lssing
O =tan" P I s,
Xy =L -1}
d= 2L, °lt.
AG)ell A &z 13 29 AA wal Frix A
F 7% + o, oA A LEE o

= A& AAsieldet Fig 5+ 37}
+al Zfell 2 8% F(right arm) F el & fehllzm
At AR OLPAlsele 2heigzhe} dhAleh A4
o TEHAE nEste] AAY o] HaAs] W E

ki

v
ol
o
£
ot
fu

—
i
[a%]
Lo
N

2
3
=
5
Ras

left ghc},

HAEEE e 92 39 U db L 2
oz &7 Wil A 72 F 9od, o
wEHY AL 65 W OF olgsd o
%3 ol 73 4 ek

di=d—~2z (6)
6i=6+6—a (7)
AZIA, av AZHZANA AASAAE wTas

Auid ez Algaol o

223 595 4 Fo]

o] Wy slr}, X =Folliye A7ty 2HEQ
THAALE FEskL, Aoywozy JE A4
Eays AdEaYE ol HSAAYE A4
B oA

7h FewAAl

g SagAges fEsh et 2o,

A - dFA
H(®)6+h(0,0)+G(O) =1 (8)

7)1 A, A e DAY, Fux e Yal
Hat zelgd, Ada e FHy, o2z g
< BEAZE 77 vebdvh 2 gad g £%
WAL 25 Aeglc

(vh) A4z 24

AdeEage dueFe dste A5 o £70
o] L5 B JHEEE o] &ste] 53 mrElAdA A
ofd#del Eavt 3¢ Ao Aol duy:E
o E5Ax Fig 65 Zovi, adox W3 1,
2, 32 77z AMqune, 2ejged, S &
4g dulsla, Kek Kvb ZA7- wlaAlQds) =2
A& vebdet, Qlglo g 2 Aol et FA
o ZAx, 44%, ArkExo|n, o gEL ARA
23 7l-gel o8 FaAch o] Aoy A o3
Aoy e g 3

—H@[G400) +Edd% () — 4 (1)}
+EKolq? () ~q (D} +hlg, ¢)+G(g)
(@)

Aoig) & gal 8)oll =H4)s}

9 ohg3 2o,
H(g)d+h(q, ¢)+G(g)
=H(@[§ (&) + Kol §%(2) — ¢ (#)

+Kplq? () —q(t)} ]+ h(q, 4)+G(q)

(10)
A(10) e B4y, 28ey, 24 52 »%
BAG APl HEE=, o] AL Asy g
2 AYANE F- 4 gioh

H(p[& () +Kpe (1) + Kpe (£)]=0 (11)

9§

Arm{

?

hi98) +G(®)

t 2 ﬁ

w

E
il
64%&% & :

&

Fig. 6 Block diagram of computed torque method



PCell 4 ¢85

sh e(t)=¢%(t) —q(¢) o),
o]t

2AUHA ()2 Sdzde] Fasjhs 7
Astoll A Aot v Ay Agmj2ulmg ] (11) 9
= 4999 Runge-Kutta®t2e ?
+o B2 T

(th) H-§Aof

e(t)=q* () —q4 ()

HSAle 4 223 sleboeed o1, &
AFel FahE, a4l e AsAsis) 2
HHE AL 4 Slv kA wbolw], @0 w
wielAde ke o4 $54¢ Ae ME
2l AAsle, o] sFRdy £ AAEE
5 FUESY ARG E 2F3E waql 7FRd
A5 Aol A (MRAC)E A&3tgion, 24z
(estimator) 2 S84 FNEY slejule] g 24
3k, o] HHE vigloz Aojiy g A4bsl=
A oA et

Fig. 7& A&Alol7)el EEZ2Mzolv], 8ol
& A%l & Ao AdEage] BEAso g
A Agasst Askd B AL e F2E Axn
et Ag84E ARLAE BB o|E o
Eoto] AN 2y o Y4HE 243
o ZlebZ i (Lyapunov) o] B2 o] §3}e] A&
AL FEstgen Aojrle JANE Z9ag

EXE ZEad ZEE Yok oAF e
EE3 Agdle]ld 2ES AA OLPA|Awl 4
Adstr] A Ftog Z2oew seiols} 4
714

2252 A2 glow, e A8 ol

= ]

. g ¥ - '0
b T2 HE) YL Arm
+ + :
+ * ]
Kol |Kv q = h(0.8)+G(v)
£ Adaptive
Law L
d, AU —
Ba E <
+ —

Fig. 7 Block diagram of adaptive controller

£7t2}8 2vE 93-glq] T2 aeln] A 573

BHolol2o) & FHA HEA =erg o)sF 4
o]

AA 1‘“4?‘5}“ 3 A e Auel
olv] Heod v 01 < dEsA s, 47 =E
ol 4 “33’301—a- sl sts, olol uwtel 4] galo) s}
A Ao}, Hdolole 2R EY A%y PHei®) ol
ole} szl zejHo] iy w2 =eiols}

L
A A2 @AY Hedolol By R 1 o
Pofol A Aol dE 4+ JLE Huch =3
oAst HA4E AL - AdYHR, A0
OLPA2H € £8doz $948 4+ 9¢ Zloldh

3. OLPA|AHIS]l 74

e OLPAl2wl2 Fig. 8ol Aol 2o 718 o)
& 7HAE, AgEeE, Z2ad4
=g 7 e 712H<] J% o9

shedel, "BA7) 53 AL AR F5Aq

A3 gleh, Fig. 9= Aa) OLPA~se]

Iﬂ_,{]ut

QR
A
[

off o 1 N 2 |1

o o oox o

OFF-LINE PROGRAMMING

(1] SETUP MODE |
[2] TEACHING MODE |
[3] PROGRAMMING MODE

Fig. 8 Main menu screen of OLP system

IEET—UP MODE]——E{OGRAMM[NG MOD;I——IECHING MOD;’

i I

L
vt i DISPLAY BYNAMIC\ VIEW] [COMMAI\DJ PROGRAM. “EDIT]
- ,l
LF‘AST—PLAY]

Fig. 9 Functional structure of OLP system



574 Hbal z -

g olgsled RUE AFHo|AE FPIh

I nARE

pA Rz = Fig 103 22 34S A4

}

Ol

o, z2#AA x, y, 257 LdEre Zxo o

g +ok - EL ol Esty
2HEY AAF HAHY 4
Aol s &ohe

i

@l AFo)
EEREREFI
sherol of 2] 5
AAlsl HEE shedol

32 Zzasjges
zeadnlrcd B 3a4Y Zds|yes
ES] AEE Rolx, ZRES 7
FANA AAAE, S48, Ao
o & glow, Z2owluro
3 "HelstA A gelolds T 4 Y=g 3

2 =ielA AAEd OLPA=gle 7 7)aw

U

2oy
E
3

313

"
Rl A FlEal Sen Bk ol e A%

old wAioh Aol glow zfF A& <lE

sl e] 949}
ZICF D

K
=
.

9}

j=
£ B4

ole] oA AL G

3.2.1 INPUTZ|S

gazsle] 27194, AFAA,
, SREArY 7= 5o FEEF Fig 1l
o] zte] 2&ZF slube] oA dHFE A
o4 Hg AAALY ez YA A48 AHE
A Hla, 2zl st AAAEAed B
FANM L dleolejgh-g stdol|l AAetA Hel,
sl glo] |4 A &z 732
141215 &3 AAAE 2710

A%A, A

S
IR P ]
fe
°

=2

i o el Wt ok ool
s

kil
2
e
T

%
nju

3.2.2 DISPLAYR} FAST-PLAYZ| &

DISPLAY 7|52 INPUT | 5ol4 Agg 7=
deb 2uEsl AEGEE A TEold 43
ol-&3te] FAH Al EdolAE
S AEEF%E A7k (sampling time) of] o )
d%-3tod FaL o] FE o] &
3aA g 2REV A
Hje]A3tc}, Fig. 12&= DIS-
A9 Agalold AHE o
2819 HEpgo] =) 4

©:

Aol YnelFE

4
2%
iy

Pos ition Changae
L{Axin Xr>

+
C<Anis VI

Ccamis Z>3

<LQrip Angled)

‘ Scale Option

£20>

1
g

Middie <10)

Smalk <5

FILE OFEN
FILE CLOSE

POINT RQUE

fthatall theta?l dis,. D ! thatad! [ 1 [ 3 z 106_Anale? UIEW CHANGE
120.60 1 —50.540 120 1 ~25.66 390 - | i 2o0 10 T

Fig. 10 Screen in TEACHING MODE



PColl4] &5l ~vteld 2RES 2

o3

-2

©

575

e

FAHRY -PLAV

il

ULEM

COMMAND
InpLat points mnd Tine. ..
znput Rpoint® nunber (nax=10>:

ith point:
dx,u.zZ.9rip angle,tined>>

200, 100.0,10.0
2th point:

CKx,¥,z.arip_ angle,tine>>
0.200,50,0,0.7
3th point:

<C<n,u,Z,9rip angle,tined>’
200 ,~100,60,0,2.9
4th point?

<< ,u,Z,9rip_angle,tine>>
200, 100.30,0.3.3%

LT TN

[UTEN PoSITION

Tine?

Reaf .
Out .

thetall theta2!
169.2 1

thetad!
47 .97 i

: 1
-114.2

Hojaje] dlash shEavle] vidt S| AR & Agslel e A AHold AHT olFshd
A" o At ezt dake A4l dE A" AAE
FAST-PLAY 7]5¢ DISPLAY7 %54 &9z  ofelwl whdstel ¥ & oA @k



576 H_!-u‘_}_._/}‘: ‘_H_' A

32.3 DYNAMICZIS . & BARIANAY 74 Ao AH} S5
o 3

(b) Trajectory in the cartesian coordinate
Fig. 13 Screen in DYNAMIC FUNCTION



PColl A §85+ A7)y g8 eol 9 -7l 22 aa)q A]~E 577

glom, VIEW7| %S ol 8dhed Aol ddt Azt 3.24 VIEWZls
ooy fAelx BEY 4 vk Fig Blae VIEW7]) 54 o) 4sled 2958 iz =
DAHFAANA AFdE, F8, L34F Jehid, Qe 4, o o(Fig 382)E AZHAZAE 24

[} 5
£ w4z Aok Sule 2 AgAL 2oz

Fig. 13(b) & AztagAolde A4¢ depist, 3

BISPLAY

FRST -PLAY

COMMAND

3 ;
E i

ey
[UTEN POSITION

T el

thetal! theta! dis.3 ]} Ehetas] x g v 1 z :
Aaf .1 3 3 5 3 i H ]
Out . : ¥ H ? § L L £

Input point’number.
430,.0,-100,0.2A

Fig. 15 Screen in COMMAND FUNCTION



578 oz . &

z4% 4 oo}, Fig ld= AA =2 338449
st oot W4 6, ¢, pv 3ZtHell4] Theta,
Phi, Rhos Z A5 1, distancex A7+ x|} 3=
Abelel AglE vebdel, X, Y, Z moved H
gu AR AdAIAY X, YV, ZF Uged
g}, AgAE Z]BE= mbg
9o Was WA A 72EA

HE HA4E + Uk

o] A7l 9TE

4
2% olgstel
N
-

3.2.5 COMMANDY|&
g 2oy 8 <Az
o] & Awstm, o]F ARgsle] AlEae]
]

siede] 2% ofeol gl FAel AX7E 4712 of

A JRES ol galel HHelE YHT 4 Yok

A Hgold gedelzt MOVE (W)

% ol5AsE wuelst sgmel el

NEW FILE %] glov], FuiAe] 2 RES 4

% z7)ghabe WeolE ek olwA YHY 3
1

[=]
o] g AgHelAE 4 UEF Aste A4IE
El.

Astd e, o A7 1A & HEolol o
Aesta Al Esleldshe THUE RAFZ Uk
Fig. 156 gtwlo] ole] ododo] olefzefed =&

ol Qeke s olold,

B =R PCollA &5
ZyREJ i OLPA~H-E 7
223, ALAL, ST,
Z, welel, sl47),

(GUh ez FA45E o
m, olZ B3 e AFHAN FHALLY 5
=

A2 st el A AR 4 U=F Sholch A
Azge ohgy) A2 EAE Ada gl

(1) dutde=z dg ®Fgx PC(486 micropro-
cessor)olj Al £45 =& 2o H ol

2H A5 Asdeelel =i
Aol o 0§ 4 ek

(3) SAelA AT Qg 4L F ol
Aejo] W THARE AAHY £ o, By

& Ao7lE F2 AAgIIL 3o,
ol getelgdRe A7 E ul%k

5 312 Aoz o 24 9 2
SGAA} A5 2, 5 A 9
A duF, ASAE dHeR =58 W

M
r_‘

HEDEH
(1) A, AgTF, 1992, “HlE HFe zHY
2% AHEE ZHE AEdolEY A7, FA
sta e =54, Al43%, pp. 119~126,

(2) Craig, J. J., 1988, “Issues in the Design of
Off-Line Programming Systems,” International
Symposium of Robotics Research, Cambridge,
Massachusetts, pp. 379~389.

(3) Craig, J. J., 1989, Introduction to Robotics
Mechanics and Control, Addison-Wesley, New
York.

(4) Dillmann, R. and Huck, M., 1986, “A Software
System for the Simulation of Robot Based
Manufacturing Processes,” International Journal
of Robotics Research, Vol. 2, No. 1, pp. 3~18.

(5) Hornick, M. L. and Ravani, B., 1986,
“Computer-Aided Off-Line Planning and Pro-
gramming of Robot Motion,” International Jour-
nal of Robotics Research, Vol. 4, No. 4, pp. 18
~31.



PColM ¢85l 2712}y 20 e 23-7q 2ol AAH 579

(6) SILMA Inc., 1989, The CimStation User’s
Manual, Ver. 4.0, Available from SILMA Inc.,
1601 Saratoga-Sunnyvale Rd., Cupertino, Califor-
nia.

(7) Shumaker, G. G., 1980, “Robotics-Air Force
Project,” Computer World, March, pp. 32~45.
(8) Yoffa, N. A., 1988, “Off-Line Programming for
Automative Spot Welding,”Robotics World :
Flexible Automation & Intelligent Machines,

April, pp. 24~25.

(9) Park, C. S., 1985, Interactive Microcomputer
Graphics, Addison-Wesley, New York.

(10} Fu, K. S, Gonzalez, R. C. and Lee, C. S. G,
1987, Robotics : Control, Sensing, Vision and
Intelligence, McGraw-Hill, New York.

(11) Asada, H. and Slotine, J. J. E., 1986, Robot
Analysis and Control, John Wiley & Sons, New
York.

(12) James, M. L., Smith, G. M. and Wolford, J. C,,
1993, Applied Numerical Methods for Digital
Computation, Harper Collins, New York.

(13) Craig, J. J., Hsu, P. and Sastry, S. S., 1987,
“Adaptive Control of Mechanical Manipula-
tors,” International Journal of Robotics Research,
Vol. 6, No. 2, pp. 16~28.

(14) Slotine, J. J. E. and Li, W., 1987, “On the
Adaptive Control of Robot Manipulator,” Infer-
national Jouwrnal of Robotics Research, Vol. 6,
No. 3, pp. 49~59.

(15) =iz, 1994, “3aH4d @ =g |83 L=
—gtel oy A" Fadiem AHapehy
=5 e,

sstet 2rEs] 25044 (8)€ 4 P2l o
8 Z1gsty vheH 2ot
Hyy 614 Hiz Oy 4 Hig Oa+ 12 6,02+ Iz 67=1
Han 61+ Has 02+ Hoa Oy + oy 6°=15
Hyu b3+ Gs=13
Ho b+ Heo b+ Hubi=1

o 7] A,

Ho=mLbh+L+me(Li+L%+2L,Lecosbe) + L
+ (ms+ ma) (LE+L3+2L,Lacosbe) + 14
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