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ABSTRACT

Polishing 1s a bottle-neck process of die and mold produc-
tion, because it 1s time consuming and labor intensive. An
attempt for automating the die polishing process using indus-
trial robot is made in KIST CAD/CAM laboratory. As a part of
the automation, an offline programming system for the polishing
of sculptured surfaces 1s developed.

The software consists of such functions as robot motion
data (RM data) generation, RM data verification, post process-
ing of RM data, optimum layout planning of robot cell, and
calibration of robot system.

Once the surfaces to be polished and the robot kinematics
are seleted on the graphics terminal, the program determines
the optimum relative position between the robot and the surfaces
to be polished. To do this, the four standard views of the
robot system with the working space of the robot are displayed,
and the position of the surface is determined by moving the
surface interactively. In order to exactly determine the rela-
tionship between the surface coordinate system and the robot
coordinate system several reference points on the surface are
measured by means of moving the robot kinematics to these points

The RM data both for the iso-parametric path and cartesian



path are generated automatically. To verify the RM data, the
program solves the inverse kinematics of the robot system and
animates the motion of the robot. The system checks the limits
of the robot motion and the collision of the robot body with
the surface.

A post-processor program is used to convert the RM data
to the robot specific movement commands. The robot specific
parameters like the velocity and the mode of the robot motion
(for example point to point or continuous path control) and
the polishing oriented parameters are decided interactively
using menu. In order to guarantee the absolute positioning
accuracy of the robot system the robot kinematics should be
calibrated. A in KIST CAD/CAM lab internally developed three
dimensional position measuring and calibration system 1s used
to identify the kinematical parameters.

The offline programming system 1s implemented as a module
of the surface modeler developed by KIST CAD/CAM laboratory.
The surface modeler i1s a menudriven software which can generate
sculptured surfaces in various methods: i.e. ruled surfaces,
surfaces of revolution, curve net, tensor product surfaces,
and blending surfaces, etc. Special functions such as generat-
ing surfaces from measured point data, surface smoothness test

surface matching for measuring data evaluation are the outstand-



ing features of the modeler. Micro VAX II computer and Megatek
workstation are used to develop and excute the program and an
IBM PC is used for the post processing and interface with the

robot controller.
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919l input & ol &3 AFAEsE (AI)E ol&¥ ex-
pert system & Al&3to I r.p.m, +FHE T robot
polishing parameter & A3l o}

o]2)3t polishing parameter & o]|&3l4 robot 7% pr-
ogram & 9 A3ti1, Calibration process & %3 Kinema-

tical parameter & A&3IA identify sttt 281 Robot &

T%53HA Sensor 9 datagE wolx AE It}

2. Micro VAX
Micro VAX dlXe A FF FAE CAD systemd] ¢

B4 gA@T adn TP AL A

I
ro

2 graphic libra-

ry oA FFEE Magozm FF9 dimension T 19 o &

path width 7} A3 A2t 9o HRBEZL o]&3o pathE ge-

neration3ts =Htok

path generation Aldle ©&d L AL msor I

t}
@ 3y e patche 3dye ZT3E A& (7R )
@ 3+ surface9 collision& check 3tt}
® 7b¥el B3 patchst 71F M9 patch & 7]edsjor ot
@ T RLFo] Ttesjor J
® Optimal % patch& Z+= routineo] g3t}
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3. PS/2
PS/2 ol Micro VAX oA AAd 71F path, 379 F
F%¢9 inputo] Eo:m, 19 ¥ EWY XX ( roughne-

SS ) T 9 user 1nput & 3 Z] Key-1n 3k}

o g e dHE BVeF AFAFT 7 (AI)E ol&F ex-

pert system & A}&3d ZigHolY FF9 r.p.m 7ESE T
2 AAs] W3, o]8)d polishing parameter & ©|& 3 robot

=

L -

A 24" PROPS System® T4

1. Surface modeler

= 9o ¥R I7sAFY ( KIST )& CAD/CAM 4ol A
W23 surface modeler & A}83l surface & desigri S}
(At ©o] modeler & menu & AlL3td AR Wy oe=w Y3l
+ surface & generation & < gon, graphic driver
Z+ WAND & Al&3% 3 graphic device 2 Megatek 7255
2 AF&3sk it

WAND = Whizzard graphic system ¢ Megatek hard-
ware & X {3t7] Hdlo wWEoy  software package o)t}

WAND &+ SIGGRAPHCORE guidline &< uglr] oz

FORTRAN library 2 JFASHo <t}
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WAND &= tle Y71z level 2 H ot}

-"

@ System level & device driver & &7 o71A FTF

9] host computer operating systemo| WANDE A&
3t routine & & X3t}

® Workstation level & Y& Wizzard graphic system

o 715¢ AdslFE routineEg¢ EFHY

@ User level & 3D clipping 3z per spective 9t ol Ul
modeling ¥ image transformation 7}X] X &3+, world
coordinate space 9]¢ &3 viewing Operation =
S AFdtan Ut}

@ Extended workstation & display list memory & A

stgiol AMEE & dv AL ETd+= Hardware & A H

Z£4sle  routine 3 AR A oA Al FdT

2 dTF oAM= F =2 workstation level & Al£3ld pro-

gram 3} o

2. Robot Kinematic

PROPS ol A= o2 7§9 Robot & 1library 2 7}x3 94

{4 robotE&E AEH3Ild simulationo]l J}E53sEA st 5 2

2+ FANUC robotet v|HZEF 329 2A7|7F BAE&LHY 9

NACHI robot+ /&= gt}

7zt Kinematic & Denavit-Hartenberg o 2o wal )

transform & &JX] inverse transformation & 2z} Kine-
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(1) Denavit-Hartenberg Transformation

old3tE= link Abol9] translation ¥ rotation A&

7123l7] $3ta Denavit Hartenbergiy 4708 ®BFEA #F

o] Y dA&£EY linkod HFAE AAFLE AHse= matrix

DHe & waAe 3 dJoint ol 2 A link o FHAA

of gt 7z link ¢ #HIFAE veEHE 4 X4 homogeneous
transformation matrix & W&o Wt}

A A& Aol transformation € E3lA], hand coor-

dinate 2 I35+ end-effecty dynamic system® iner-

transform F]

tial frame ¢1 base coordinate & X & 11

o] 7l T}
zZv link ¢ coordinate frame & U-& A|7}x] ®HZA of &

s A= olah

i) z,.,%2e i¥W doint9d $£ZE2L waxy AT
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iili ) ai  FAEH Xn = F X g TElA g translation
2]

A 2]
iv) a; @ Xa 22 FAHoRI 3 AHZ
Joint n Joint n+
gn 9n+l
Joint n-) gb SQ
9n-| Link n+|

2 Y
Link n-2 z 1 24

1% 2-1. Link Parameters #,d,a and «a

revolute joint A ¢ A, matrixEe &3 Zd

A, = Rot(Z,0) Trans(0,0,d) Trans(a,0,0) Rot(x, a)

A, = | cosf -sinéd (O 0 1 0 0 a 1 0 0 0
si1né cosf (O 0 0 1 0 0 0 cosa -sina {
0 0 1 0 0 0 1 d 0 sina cosa ()
0 0 0 1 LO 0 0 1 LO 0 0 1
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— cosff -sinfcosa sinfédsina acosé

sinfé cosfcosa -Osfsina asiné
0 sina cosa d
0 0 0 |
Joint n
11111 Joint n+l
Joint n-1
9n+|
Link n-| .
(&
Link n+!
Link n-2 | o~
\
d“ zn-I
ﬁ ~% Rpn-~|
D
8,

23 2-2. Link Parameters 6,4 and a for

a Prismatic Joint
Prismatic joint dlA & revolute joint ¢lA 2] 2] of| A
a= 09|22

A, =Rot(Z,60) Trans(0,0,d) Rot(x,a)
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An = F_cosﬁ -sinfcosa sinfsina 0
siné cosfcosa -cosfsina 0
-0 Sina cosd d
L 0 0 0 1]
(2) FANUC ROBOT
1) FANUC Robot ¢ A T 24
FANUC Robot = 5§ =2 HE=ZA =4 Control unit, me-
chanical unit, wrist 9 AFEEo=z UFHAXT Wrist = A,
E,F89 A7nx FF7F desd o dFodAMe=  wrist FE
223 FANUC Al Robot & twjare 3  akgrul
AFErw OgodA Ee vego] ZHo0=9) 4ot &5 F QY
‘L9 LIS TALEI FAAE 97, FAHubE Y ¥MEFQ R’
28l wrist rotation ¢l a, wrist swing %%l B2 F-
AE ol 3t
59 <19 2-3>2 FANUC Robot o] AHAAFAL YegWy
By <I¥Y2-4>F FANUC Robotd z¢gFad ALYL uehdo
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=ML
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I=2N3l
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3
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1,372

R p——

—_—
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I 355 205 I 220
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20
Y0
0, |
j o] FIF=
IA C Robot
- 5 FANU
2-5,
B Zo,1,) _35)
9,) Trans(Z, s 27r |
y 1 ‘ | :
= Rot(Z, ~ ) Trans(Z, B |
Ag = ~Z) 1,+d,) T
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link Variable 0 a

a d COSa rsina
1 8, 0 0 0 1, 1 0
2 d, -5 -z 0 d, 0 -1
3 d, T -5 0 l,+d, 0 ~1
4 0, —--g- --’-2"'- 0 -1, 0 ~1
5 0 0 0 1, 0 1 0
- Transformation matrix
T, =[ sind, 0 cos@, 0
-cos0, 0 sing, 0 |
0 ~ 1 0 d, + 1,
L. 0 0 0 | S
T, =A,A,A, =[-sin®, -cos@, O (1,+d,)cos8,
cosf, -sinf; O (l,+d,;) sing,
0 0 1 1, + d,
. 0 0 0 1 )

T's = AgAAA; =

e

_

| cos(8, +5£) (

U -1

0 0

-sin(6, +6}%)

-sin(6,+6;) 0 -cos(8,+64%) (lQ—Fd3)oosa:]

(lz+d3)5in51

_]_3 +ll +d2




- B
~cos8ss1n(0, +0;) sindgsin(e,+0/) -cos(8;+0,): -s1n(8, +0,)Ll,cosls
: +(1,+d;)cos8,

cosf;cos(B,+86,) =-sin@zcos(0,+ 0,) -sin(8, + 6,) cos(0,+ 6, )1 ,c0s0,

L+ (1, +d;)sing,
‘Sines COSGS 0 : "'la +ll+d2
| : - 1l,51n0 ¢
0 0 0 ‘ 1 ]

3) Inverse transformation

input X,, Yo, Zo : surface ¢ point data

n = (ny ny n,)7 : surface ¢ unit normal ve-
ctor
(%X2,Y2,2Z2)
XL o Xy, = Xo + Ny XL,
Ya = Yo T Ny XL
%6 = Zo + n, XL

N

Ny (X0, Yo, Zo )

|
~
3
2 B3
_I_
-
@ b

2Y 2-6. Wrist FHFE9 inverse
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XL, +d,
01 XL, + d,
XLy,

(XzYz 22) (X2Y223)
| > XL, + d,
:'.e#z ‘ (Xl',‘qYﬂi zﬂ) (Xoiyo,zﬁ)
|
i

X n

138 2-7, armé 1nverse

6, ZATAN2(¥"£)
X2

Iy o
6. = ATANz(—ﬁ) where XL = 4/ ny> 4 ny?

d, = Z, — (XL1 — XL3)

XXL — XL, where XXL = x: + vy

&
!

(3) HYUNDAI RObOt(NACHI)
1) + A
HYUNDAI Bobot HR-7000& AZT2 5x02 FA4FE Arc
£ 8 robot o]t} HR-7000& Robot EAH2 16 bit Micro
Processorg& Z4 023 HojxAx] W Teaching Controller¥

oz FAE o Ut}
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(¥1-2]

EEER "~ % & | Teaching Controller Bumon
S& Arm A3 (232 H) | Left Right
Va | Arm A8 (A 3ol ) Up Down
| Ha | Am AEX A Fol¥) | Fwd Back
R&: |  Wrst 33 (3% 83d) | Rr Re
B*E:"‘__ " Wrist "‘Jﬁﬁ-ﬁ: "‘c]'-ﬁ'_}') ?_ B up- B DE_Wn
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Point R396(H )

. Point— A ‘

Point-A8) )3 2

1400
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t}g9 29 2-8% HR-7000 Robot & 7]&F A
ot} HR-7000 robot e FL3AHL A Arm <
%% Arms A3olF AlIe VH, Arms HUF
Wrist & 3ZAJ= REIH wrist HA3E
T 57HY FozE FASH Ut

=AY AR AHFE =

tle e 18 2-9 =

a8l 18 2-10 B Ao ol AFR

A& YeEdH= I9olth

2) Forward Transformation

Y3
X C1 X, Qs N
94

Z 1 23" [P d,

23 2-11., HYUNDAI Robot ¢

34
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Link lVari;bl; g - ; a d cosa sina
{1 | @, g, 5 0 a, 0 1
2 | 4, 0,+ 5 0 a, 0 1 0
3 | #, .93——2’5 0 a, 0 1 0
4 '3 0+ % 5 0 d, 0 1
5 7 6 5 0 0 d, 0 0

A, = Rot(Z,, 6,) Trans(Z,,d,) Rot(x,, %)
A, = Rot(Z,, 62+—g-) Trans(x;,a,)
A2=Rot(zz,63—-—’2£) Trans(x,,as )
A, = Rot(Z,, 64—1—-—275) Trans(z; ,d,) Rot(x,, -—’23 )
A, = Rot(z,, 0,) Trans(Z,, 4;)

(4) Measurement

1) Hardware

KIST & CAD/CAMAA AEF vAZ 3x4Y9 SHE

Kinematic library ol 1library 3 3lQu 2R7)e EANL =

o

servo § °]&3td 3% TEANZ 149 g AT

7t AT

Velocity control & HX|¥3 position controlwt 7}

s 3Hl SAHAT x=2 yE=ozZ 100mmoln z=o0=2Z: 200 mm

Z+Zo] HuE&L = 3Am/secoln YA AALARE 0.01 ~0.02

mm ¢]T} sensor & EXAe I T780nm<Q Laser € o] £3F H]
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& gensor o] 7|FEAYU+x= 1751 mmojnx ESAHAZE + 25 mm

ge a”2-12% 3x9 Zre #@AS yshd adoln

2 ) Forward Transformation

Z2x7]19] Sensor = ZAHAEZ HEH Bmm B X& 7
F Az 9 AFAAM 25 m7tAed EHlN FHFH ol 7bE
|

dez SAHAYEHAE Houw JVIEAZYE X256 dHFe TH

2
50
= Xm
{175 2o
i su
Y, =Ya
—_— ___an l 100 ZO —
l 1) Zm > Zsu Zy = Zy + 25
A —_ZsL
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X transformation matrix= ©g3x ot

T‘:fl o o | o]
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3. MENU

‘ o SEL-ROBO ‘: mailn menuy

O SEL-SURF

| o MOV-SURF |

O GEN-PATH

O SIMULATN

o OPTION

O TEST

(1) SEL-ROBO < select kinematic >

2 o] A}-8E Robot kinematic & o]F & display 3fF
1, 1 = 33U E AMHMEgsd IROBOZE AAEFEHIT Z+ transfor-
mation & index 7} Etdt Robot & 1dt¢t

o submenu

FANUC IROBO

HYUNDAT TROBO

—

}

MEASURE TROBO

(2) SEL-SURF < SELECT SURFACE >

Sur face model library 9dlA surface & AMHII= 71F

(3) MOV-SURF < move surface >

7155 @& surfaceE file&E HE 9o Fo Ro-

bot ¢ zZPgAAYo AHXAF7 Ko WS 45 3
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window & 3Z =¥ 9% robotd #HAIF surfaced FA
2! robot & FFHHAES HAISE, YA 178 windowolE 1
AFE Mol eye coordinateE& T 3 AS EAS)

menu & Adstd x,y,z WIFo

2
& FAHLE3 rotationg SHA Feo2H HAYFAW  sur-

face & A AR A)Zltt o]y translation%¢d rotationg¢S v}

EFUlE= message?} A< JUelU® surface:= 47)¢] window
Al F Ao} 23Fo)lA Hrt

O Submenu

I_TRANS X]
[reans v |
[rrans ]
[ng y4 l

(4) GEN-PATH < generate path >

path el F /7t display =YW pathe FFE ZAA3A

IPATH & A3t surface A4 tool path & zad

submenu
| TRIPPATH I IPATH |

lRETURN | IPATH
SPIRAL IPATH

|

J
[

F

A
0o
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(5) SIMULATN

surface ¢ Z+r point &9 HFHHEJ ©HA HE} 71¢] =] o]

A+ fileg opensty 1 path&E uweEtr7lHA  joint res-
triction & check 3t} v restrictiono ZHglWH error

message & WHA tip €2 wa XA Mol H2ZS 2E A

SR
— error message . ‘nth joint restriction error
-— submenu
. dialogue box oA “ input scanning st-
ep size "2+ message & Wi step si-
ze= 1nput @i n¥H step & A¥ysa A
%) T
[cycle|: g% 8 sAR7A4 & F@swA error
tip line o M2 3F uviEtt
‘breakl: A=Z AAl stop 7FE
lcont"inuel . Stop & A AP =
(6) OPIION
Kinematic ¥ tool, surface & XRolA & RAolx] o}
HolA & ZAJAE Ao F 7z} segment & AZA L A A}
o T

— submenu

|KINEMA\ ITOOL iISURFACE i[%RACE]
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— sub-submenu

|
2
X
r
N
(D
0
3
(D
-
‘_'.
i
o
Lo
X
X
il

OFF — XA 3 segment & <QtHOlA 3t}

COLOR [ — A% segment & M42ZF uvlFo Fr}

(7) TEST
Kinematic & Z} ¥4 ZFo WE agnimation £ Test
sl Pdeleo] F point A,B Alo]lE &3 due LE=IFEE AA

3ti Animation ¥tk FHeEd= CP, CPC, PTP 7} 9tk

— sSubmenu
l_ _L l ) l _I___I
Robot check & animation check £

1) CP [ continuous path ]

AR BHoE The T% HHAELEES 9 4,56 W
A B|AHe variableo] W3 A gt = wrists} T

FEAE FAJH
42



9) CPC [ CP with constant orientation ]

A

&

CAF A BHPLE Ve FU AATES ¥ Global
coordinate systemo] T3 <UAF orientation &
+ X gt o}

3) PTP [ point to point )

START PT
Xl — [Xl IYI 1Zl » L1,P1 ,YI ]T
Cp
X2
PTp .
X
END PT

X2 — [X21Y212‘21r2!p21Y2]T
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+ PTP oAl =7} path¥e robot kinematics & path %
configuration 3= Y #3311 tool ¢ orientation I
= F ettt

Xl O:” F‘H‘@l’ 9_1%1_

Aeolxl 712 increment stepo 2 UFH stepo] AAHCT

o] Hoax 7} F FE& step number(SN.)=Z ZAA3INYH 1
step g Y3+ gztel increment ¢ A g ©en 2y

qz_ql Aﬁl Aez Aﬁn

SN, SN, SN, | " SN,

[ ——

>
Q
|
i
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St

a9l d=] .

surface library °l A

surface &

A

42,

SEL-ROBO ol A

GeL piad |
SEL _GURF I
nO¥ _BURF

GEN_PRTH

FANUC Robot A1HM
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MOV - SURF 9]

=450 2

7l B 5

3

MOV -SURF ¢

aH4 -3,



LY

18 4-5

MOV -SURF of] A]

EXITS:

F9

OH4-6

GEN-PATH =




8t

SIMULATN
.

e e e e e e . N S — I ————— ST T T DT B R Vi SR e S—

g i i
- - T i i - ., i}

.;-";! "!-':'_- H ""rl‘:-. i Bl | qlr 1-_' 1, 8 E 4 1 % b

e ——— e e I ————————— TS SETSLRR A SURE L T L i e ol

-

—

:

23 4-7. SIMULATNOIA CYCLE FT% 12 4-8, SEL-ROBO®lx MEASURE 4
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MOV -SURF
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SIMULATN

LEE

_I-':; "
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R -

-1
SImyLars

—m—

a3y 4- 14.

SIMULATN
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Al 34 Computer 2 Robot ¢] Interface

VAX 750 2} FANUC Robot 9 Communication

(IBM-PCES VAX 7502 monitor= A}-&)

(1) general

Vax 750 Modem 1200

OfF——

_ S im

Vax 750 — IBM-PC
Vax 756 -— Robot

Vax 750 ¥} Robot ¢ communicationo] EZAolmy IBM-

PC= ©WA Vax 75048 Terminal® A}& (monitor Z o}&)

(2) Modem

Computer systemodliAl= remote terminal 7to] digital
datas S ®wu 37198 HASP4HS o] &3 Modem & A}
&9

FANUC Robot ¢ transmission spec 4 4800 Modem<3 9]
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& 3ok
A} 233 Q= Modem® connection & ©&3 Zh

1) Modem 1200 ( IBM-PC)

PW TD RD DS CO TS TST
(view from the

O O O O O O [ front)

PW ;, A ¢

TD , transmitted data

RD ; Received data

X AAAENAE PW, DS, COol Eo] HxHor =Hr}

TST

i

Tl R2E lampo Eo] Eoje® AHA

2 ) Modem 4800 (Robot)

PW TD RD RTS CTS DCR ERR TST

|_f] o UL

(view from the front)

PW ; A4
TD . Transmitted data

RD Received data

RTS ; Request to send

CTS ; Clear to send
X AAdH A= PW, RTS, CTS, DCRol 2o Foj9to}

=

&
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(3) Connection
vax 750 linee°] 4, 5

2line o2 Ho 9t}

T'x Modem
(O O O O 4800

= = & A
N g %

TX ‘ RX MO dem

a 0 O |O D | 120
% ox o=
3 @ @A

X 5 lineg& =Ao] gom=z LabeldW=®z= 44X

(4) Intercommunication program
Communication Programeo| HQ3¥, Pflink directory
ol IC programo] o]ZAojn
C>pflink > ic
F9 |
port optiondA] band rate, character bit %, par-

rity stop bit %, Communication Port & X #H3| £t
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Modem 12002 A}&Al= (IBM-PC) Z2z+ 1200, 7bit, odd,
1, com2 2 setting 3ttt

Modem 4800 & A& A= (Robot) ZFZ} 4800, 8bit, odd
lbit, com2 2 setting 3}

F10 ||

2. RS232c & 9o]&3 Robot(FANUC)<2 IBM-PC 7tel Interface

(1) Procedure

e RS232c ¢ Z+r#Heo] <« Z (Robot-computer); Robot cont-
rdler ¢ CLI port o|&

« Interfacing program(c languge°|f); offline program

transfer (Robot — computer)

2) Interfacling program

) Robot transmission
e ] start bit
e |1 stop bit
* 8 bits i1nformation
« odd parity
« baud rate-4300

2) INS 8250 Registers discription

IBM asynchronous Communications Adapter® INS
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8250 LSI chip& %<& accessible register7z} 9l
H] o]& o]&3ld Robote datags F1 v 3dt}
1 Modem control Register ;
Bit0 (DTR)=1 ; dolggd¥ ready & on
Bit1 (RTS)=1;4$48 7 (PC7} RobotdA )E on
Bit4 (loop) ; 1 o] loopback test& & <4 it}
AL (2 setting
MCR= 0X03

@ Modem status register(MSR)

RobotolA PC=2¢ control line® dHAYAHE HJ

=

AN

@ Line control Register
Asynchronous data comnunication® format A&
Bit 02 Bit 1 ;Bit 0 =1, & Bitl1l =132 setting
3l 8bits serial chracter information

Bit?2

|
(-

, stop bitE¥ 1 E setting

Bit 3

—

, parity enable
Bit4 =0 ; odd parity bit&Z XAA

Bitb =0 ;, stick parity

Bit6 = (0 ; set break disabled-terminal Arol ala-

rm 3t A]

Bit 7 =0 , receiver buffer, transmitting hold

register, 1nterrupt enable Register
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aCCcessg

LCR « OXOUOB

@ Line Status Register

data A4 ¢ status information & A Zsld Ft}

full Bit( (Data Ready) =1
Bit 0 ; VAVANNXAN | |
Bit7 Bit() o] complete incoming

character7} AL EdLS 4
Bit0=1dwW ¢gojof 3rk
Bit]l ; overrun error
Bit2 ; parity error-LCR% Bit5=123H parity

error’7} A7,

Bit52 Bit6 | ‘ l | ‘ | \ l l Transmitter Hold-

1ng Register empty

|__|_[ ]m Transmitter Shift

register empty

72} Register7} emptyo]l¥H 1 &2 setting Hedl, 9
] information & H4Y $F£ gt}
Bit5 =1, & Bit6=14%Yw information < EU}T
=

® Interrupt Enable Register(IER)
INS 8250¢ 4=7%¢ 1interrupt(Data available 1in-
terrupt, Transmitter Holding Register Empty,
Receive line status, Modem status)2 enableAl7lt}

IER=0XOF 2 settilng
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® Interrupt Identification Register
Zt} Interrupt mode( 47FRX|Z ) E A 3s7] & A
chip-select time ¥<¢to] addressed o prior-
ityol & 3 EH

Error checking
NO interrupt -
/(overrun, parity

Framming)

Receiver Line

) status 1nterrupt

error’}, go9

Transmitter Holding 1 ‘
«—————— Recelver Data available

Register Empty
@M Buffer Register

received, transmitter characters 4 = =T}
X Z} Status Register+ read 3™ Setting U
3) Interfacing program

filename ;| RS, C(Lattice C)

compiler ; CLS RS

linker ; links RS
3. Robote PC2e communication

1) Z233 HL
Program SEND2 .C+ Robot¢l PCZFe] communication
£ 3t ZHOe =2 Robot oA programS receivesdlts
GetRho( ) ¥ &1 PCoolaA] Roboteol transmit st Send
Rho( ) HF&T o2 FA4HS Ut

program name . SENDZ . C

>9



(4)

(5)

1.
2 .

programming language : C

compiler ! mscC

INCLUDE FILES
STDIO.H ! mscolA] AZFTd= file. file i/o09d T

STDLIB.H . msc oA AF3dE= file., dos command A&

declare.H : SEND2.C&8 defined constants, macros

VARIABLES

[ job l int ] menu NO. !

SUBROUTINES

GetRho( ) : RobotdA HBUY = programS Hop file 9
A 4

SendRho( ): PColA] RoObot & programs X W+ rout-
ine

SendACK( ) :TCC(02)E Bt

GetACK( ) : TCC(02) & wett

SendCode( ):offline transfer code, TCC(82) & BT}

ALGORITHM
menuZ& AM83t menu=1°9" 2.,°HA 3.
GetRho

1) file& opengttt

2) program send code, TCC(80) & ¥+t

3) ACK, TCC(02) & EdJdt

4) program No, ¢ point No. & w=r}
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5) ACK,TCC(02) & XEIH
6) 3¢ block & wWol5e fileol AT
7) return
3] SendRho
1) 7129 file& open 3t}
2) fileo] W £ S blockod sty
3 ) program reception code, TCC(81)& H=t}
4) ACKE X urc}

5) Get program NoO.

6) offline transfer code, TCC(382)E XU}

7) Get ACK

8) file length & EWJt}

9) Get ACK

10) block & =Hut} (23bytes™] )
11) retun

4] END

4. Sensor & Robot 22 communication

(1) ZTZ3x8 71 Q_
Program SENSOR.C s+ Robot 2 Sensor?& data tran-
sferg& ¢35 program oz 6K sensing Fo] Zo]& off-
setdata & Robotod A$LdG HRBAS IJEE  dot
1) program name : SENOR.C
2 ) programming language : C

3) compiler : msc
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(2) INCLUDE FILES
STDIO.H ! mscodA] AFd= file. file 1/09d A}&
STDLIB .H : msc oA AHEF3d= file. dos command A&

rspatch.C : analog input & %3 file

(3) VARIABLES

I

I ) | long error counter

1, cnt, k, kk int counters
num | int G46 code 7R &
datal 3} char informing G46 (TCC AO)

e

(4) SUBROUTINES
GetCode( ) : RobotodlA XHuUs= TCC code&E W=t}

int Send Offset(int) : Robotol offset datags Xy

o

Of fset( ) : sensing3 & L=t

(5) ALGORITHM
1) Sensing point ZAF+E JYHIG
2) AFHE clARA L wEIG
3) Informing G46, TCC(AO) & Robotodlxr wr=t}
4) Informing the kind of sensor, TCC(B8) & xwth

5) offset data request, TCC(A4) & = =T}
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6) sensing 3t offset dataE HJIdY

7) end of transfer, TCC(AF) & W&t
8) AxtE 3l displaydith

0 ) END
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CAD system® PROPSE #AH=3sleg CAD systemor] des-
ign¥® surfaceE&E U2 7}AHe AlLEE S£7F 3o Rob-

ot kinematics S graphic library 33t surface uj3A]

74 % path generation % Animation & 3l 71-F3
A

2 93 2RE 2LE& simulation & £ UA = o

Denavit-Hartenberg Transformation form of 23] o=z

Robot Kinematic & YytF<el & Ao =z library3d 33T

53 71 FAHAEL menu®E TS A expert system S &%

A &4A interactived e ¥ 4 UM I AT

Robot 3} PC, Robotd VAX ¢+¢] interface 7} o] Fof ok

2o AF EHEE =ZHE calibration S/We e = o2
&g 11831 expert systemE ¢|£3% Robot Program Gener-
ator ¢ &AL 53 AHA off-line programming system-g

A Hat=d Utk

o] & 3lA Y AHAZFHQ tool path generation ¥ expert

system S o] &3 ¥ FxAY ZAA HE  user interface &



Tool path generation ¥ Ao+ toole w3 A 2 robot
7} surface, tool ¥ surface, robot 3 tool & coll-
ision check %o X3ty Holtk

a8l odHe patch 2 FAEH surface & 749 optimal

3t tool path& generationsdlys FAAE FJIigelor 3t}
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