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Abstract

Many intelligent robots that are equipped with special tools and sensors are currently used in
assembly line. As automatic manufacturing systems including such robots become advanced and
complicated, there are increasing needs for the development of the sophisticated programming
systems which can control several robots and other manufacturing equipments in workcell at a
time. In this paper a programming language, ARL (Assembly Robot Language), is proposed and
developed, which can control the manufacturing devices as well as robots in workcell. It has not
only all the common features of modern textual robot language but also debugging facilities. In
this language system machine dependecy is minimized by using dedicated processes and a shared
memory for communication between processes. Extensibility and -adaptability of the programming
system is increased by using such a technique against the changes of workcell environment.
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=with Rob (robot_no) statement

BNF (backus
naur form)®
statement .
define robot robot_name;
defin home home_position;

move_id to position_list;

move.id to position_list while

(guard._conditions);

|  speed expression;

| home;

| other_statements
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Table 1. Functions for teaching position and
orientation.
& & 5 Ui &
RPY (4 6, ¢) roll, pitch, yaw
orientation | Euler (& 4, ¢) | Euler angles
Rot (axis, ) rotate w.r.t axis 8 deg.

axis is x, y, or z

Trans(x,y,z) | Cartesian coordinates

position Cyl(z, a, 1) cylindrical polar coordinates
Sph(a, 8, 7) spherical polar coordinates
joint Joint (8) joint coordinates




80 19894 2 H

A o] 0}7] _r]rs} a4 uiE:l o] ¢

FA 71E R whe) Ro ARLOJM-E zhed 2ol &
W (Ghd) 343 AlA AHEE)
41 e 2] falde @
o & Aoistr] sk

1 ok 22 E #9374
FodzlE Aol 7z #Aalg
dolrl, ARLolA+ channel
o] g-3lof wlE 7| Al Wy
W, 717t Bed A
F 3L

ol o}

o O

£
Qb
ot
rir
wul
Lt

k

" 30
|o
LIS
L
o
N

2
i

oL

nln
(IS

o
-*10 o w2 2t

2
™

=

s Mo

2
==

=
-

o
L5

ol
-
2
ol
ot

fr

o,
e
2
é’é
B
i

2

r
gy gl 6O

o
2
ol
N
o=

4
oL fir
o

o

expression¥} wait
oz AvE 2

30 go w

}-J
.o

send/receive %% &

We 2 o FdelE 2
7] 213} pause WEl & x{]%é]—
goz oAslE ZHE o
FE 5
2HES AP §4EL Hip &
o155 47) A ofigelole Aol
Aclsh) HE B4 Aoi7lz el sol
selele ol el ol %
oAl 2HE AR AA ARE ol

w12 4

AgAE B selele e

ol sz 4]

=3

o§n 053

™z
2

2
bt
dn

ol
o0

%0 fd

-3

o8 HEE A7) A WA 8
$ T4 HY HUSE Bt 2ol shisa
eleh.

statement . =set-welding_parameter schedule_no;
{welding _conditions}
| start_weld schedule_no;
| stop-weld;
welding_conditions
. =welding_parameter=expression;
| welding. conditions weiding_para-

meter=expression;
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Table 2. ARL instruction set.
statement T ¥ statement &

motion control
statements

move, jmove, lmove, cmove,
smove speed, home

channel address CH (channel-no)

robot address Rob (robot-no)

interlock statements wait, send, receive, pause

start-weld, stop-weld,

welding statements .
set-welding-parameter

RPY, Euler, Rot
Trans, Cyl, Sph, Joint

position related
functions

define robot
define home

robot initialization
statements

debugging statements trace on, trace off

open, close, read, write
1/0 statements pen, T ’
mread, mwrite

scalar/matrix arithmatic

operators operators logical and relational
operators, bitwise and assign
opperators

mathmetical functions sin, cos, tan, -

character, integer, real,

data types
VP frame, array

if ~else
while, do~while, for
goto, break, return

flow control
statements
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struct symtab {

/*symbol name */
/*data type */
/*size of the symbol*/

char *s_name;
unsigned s type;

unsigned s_size;

char *s-lval, *s_rval; /*Lvalue & r-value */
int s_blknum; /*block depth */
int s lineum; /*line number */
char *s_funentry; /*function entry */
struct  dim_list *s_dlist; /*dimension list */

struct  symtab *s_next; /*next symbol entry */

b
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/* set up environment */

#define CHANNEL CH(1)
#define GRIPPERI CH (2
#define GRIPPER2 CH(3

)
)
#tdefine WRIST2.CUR CH(4)
#tdefine OPEN 1

#define CLOSE ¢

#define CRT 1

H#define PASSED 103
#define offset Trans(0,0,0.2)

main ( )

{

real init{4, 4)=Trans(0.6, -0.2, 0.1)*
Euler (0, 90, 0);

real mid(4, 4)=Trans(0.3, -0.4, -0. 1)*
Euler (0, 60, 0);

real hole(4, 4)=Trans(-0.5 -0.2, -0.3)*
Euler (0, 30, 0);

EfLBERE #26%8 8 2 8

with Rob (1) {
real p4(4, 4)=Trans(-0.3, 0.3, 0.0)*
Euler (0, 90, 0);

frame Base=Trans (0.0, 0.0, 0.0)*
RPY (0, 0, 0);

trace on

define robot “puma560”;

define home p4;

speed 0. 5;

move to init* offset, Base. init;

GRIPPER1=CLOSE;

move to mid* offset, mid;

GRIPPER1=0PEN;
/*place object at mid point*/

CHANNEL=PASSED;

/*signal to robot2 */
home;

write (CRT, “\nEND Rob(1)\n");
}
with Rob(2) {
define robot “rhino”;
wait while (CHANNEL ! =PASSED);
/*wait for robotl’s signal*/
pause (1);
move to mid*offset, mid;
GRIPPER2=CLOSE;
/*grasp the object */
move to mid*offset, hole
while (WRIST2.CUR<10. 4);
/*insert object in hole */
home;

write (CRT, “/nEND Rob(2)/n");
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300mmel A& e} £ A5 29 & F17) 48 ARL

# define schedule 6

weld-circle (pl, p2, p3)

{/* weld circle, which composed of
pl, p2, p3 points */
start_weld schedule;
cmove to pl, p2, p3, pl;
stop_weld;
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main ()
¢
frame p0, pl, p2, p3;
pl=Trans(0.70, 0.1, 0.4)*
RPY (0.0, 90.0, -50.0);
p2=Trans(0.55, 0.1, 0.1)*
RPY (0.0, 90.0, -50.0);
p3=Trans (0.40, 0.1, 0.3)*
RPY (0.0, 90.0, -50.0);
/* Set welding parameters for schedule no.,
“schedule” */
set_welding_parameter schedule
i
cf_cur=90; /* crater fill current */
cf_vol=25; /* crater fill voltage */
weav_type= 3;
}
move to pl *Trans (0.0, 0.05 0.0)
weld-circle (pl, p2, p3);
home;
¢
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Table 3. Comparison with other robot languages.

AL AML HELP JARS MCL RAIL RPL VAL ARL

Language type
subroufines - . X X
extension N4

new language X X X X X X

Geometric data types

frame x X X X X X
joint angles X X X X
vector X X x x X

Ability to control multiple arms
sigle arm only % X X X X
multiple arms X X X X

Control structures
statement labels

if - then
if-then-else

while- do

do-until

X X X X X
X X X X
X X X X

X X X X X

case

X X X X X X X
X X X X X X
X X X X X X X

for
begin-end
cobegin-coend

X X X X X X X X X
X

X X X X

subroutine

Control modes

position X b X X X X X
guarded moves X % X

conveyor tracking X X

Motion types

joint interpol. x X X X X X x
straight-line « % X X X X
spline % X X X X X
circle X

X b X X

Sensor interfaces
vision X X X X X X X X
force

X

X

X
b b

limit s/w x X

(223)
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(8]

AL AML HELP JARS
Support modules
interpreter X X X X
compilwer X X
simulator X X
macro X X
Debugging features
single stepping X X
break points X %
trace X X
dump X X

I Currently being developed at KAIST.
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