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Yo have studied many aspect
point and now vou are arobably ready to t
complex tashk. Hav1ng Fobots work with other piesces of
@gquipment and i
involved as any problem vou will encounter in the area of

o connect to the "oubside" world (& as

Lwe &
industrial robotics. The development of a completa
workcell that not only moves the parts around but alszo
checks the guality of the parts and performs other
necessary jobs is the real power that robots and computer

bring te the manufacturing environment.

Inm this lab, vou will develop a complex robot
warkocell that ufy; all the f=arures of the Rhino syvsten
Chat you have studied. Some naw information will bDe
presented in this lab and it w*ll e explained in detall
however, thiz lab will not give vou the ;tmp—ﬂvmz .20
instructions in such detall as uﬁed @air 1 L@r. In this lab
the major tasks will be laid ou will be invited
to develop vour own solutions.

s
[H]
pu!
[N
<

1
Lo

o L sl doEr. If vou mava a Mark
vol can use the non-designated I/70 lines to accomplish the
same tasks. That would make your workcell more like the
ormes in industry. You can operates the Marlk III non-
designated /0 lines in several different wavsz, by wricting
a program in ReboTalk (TM), by writing a progrm in EBASIC
or other appropriate language, by using the special

kernel commands available in the cperating system of the
Mark 111 controller, or by using the branching and 1/0
rapabilities of the Mark III Rhino teach pendant.

instructions in this lab are geared toward the
1t et

Wien you have finished this lab vou s

la Install and operate an interfaces card in the gans.

1 1
oot of the Apols computear.

2. Use the CONVERT program oo generabte data files
o robot moves
Fa Use the RENUMEBER program to renumber and merge

Programs.



4w Design a workcall that difFarant moves
Bazmad on the conditions of difFerent sensor zwitches,

Integrate BASIC programs to implament the work
| =
o

v Baries robot and controller.
Zw mpple Ile computer syvstem.

S fhino belt conveyor (FGOE&4) o chain belt conveyor
(no longer available).

4. hino rotary carousel (FEOOZ4) or btilting, rotary
carousel (FELO04),

& Intertace circuilt card with zernsor switches.
b Rhinmo Lab Disk for Apple [le.

7. Facilities to fabricate switech mounting brackets.

. Rhino Com l.anguage Card. (FGEO702

ATED INFORMATICN

This is the last lab in the manual. When vou Finish
thiz lab, youw should have a good idea how to degiqn ard
implenent automated production applications using the
Rhine system. This knowledge will make vou aware of the
technical details amnd concerns that have to be considered
in the design of any flexible manufacturing installation.

In the previousz labs vou have operated magnetic and
Vacuuwm nands and youw have developed work cells that used
the rotary carousel, the conveyor and linear slide base.
Yo may have sven done some work with the %X-Y table. The
that introduced vow to the language card illustratesd

the microswitches on the rooot for sensing the
+ the robot. With I or thiz varizstv in

peocgeamming, yow have not had 2 robob
circunstances external to the raobot syst
Rave you set up a circuit that alilow the

ute preprogrammed sequan
fFifhaen different 1w1uch'5u

Connecting the switches to control the robot is done
through the computer. In tha case of the Apple computer,



" Conimest
E:Y Lom calle

& Four
o+ :1. N

for the numb

=t in Dinarv. AT the Count ovaries.

s Fant Lines. Each of thase Lioes
to o s@e 1f it s high or ow. o couwrse
interpreted as a 1 oar O,

Ae the data on the different linez varies, a pragram
Can e (rvelupud that will have the robot do one sequence
of moves if one switch is cloged and a anobthsr move
saquence if & different switch iz closed. This lab will
take vou through all the steps necessary to complets this
process for three swibtches. It vou wnderstand the
PO Amns and procedures presentsd to utilize the first
thiree switches, yvouw will be able to expand the svstem to
Lse the +u11 fiftesen switches. By sxpanding the use of
thizs interface vou CDUid nave the robolt respond to all
types of sense inputsy including sound, light, sonar,
touch and even some volice commands. This circuit and
program will allow vow ta make vour robaot a 1ot smarter!

it

Thiree important stens are involwved in the
__L“muliuum@nt of all this.

1la Lnderstand the hardware. Z =
the interface capabilities of this circuit, you will need
to fully understand the circuits that are used and How
they are implemented in the Spple computer.

2. Examine a program that exercises the hardware.
The program is what makes it possible to operate the
hardware. The program is written in BASIC =zo vou will
Fave no Lrouble understanding how it works,  You will need
to  kEnow avery detail of the program zinca vou will need
to modify the program to have itread 1 +itchaes instead
af I

i
c-

softwara that
VOLL e
control led

o S
WAl ety

The operation of the interface process and the other
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14
15
16
18
30
32

49

50

60

80

90

100
119
120
140
150
160
1709
180
190
200
210
220
230
235
240
270
275
278
280
282
285
295
300
305
319
315
320
325
339
332
335
3490
345
350
355
360
365
379
375
380
385
390
395

PRINT" PROGRAM"

PRINT: PRINT: PRINT: PRINT

INPUT "ENTER'l TO RUN AND '2'TO STOP;X
IF X>1 THEN END

REM**xkkhhkkhh k% kxxk

REM CYCLE SWITCHES
REM* %k k% sk k% k% k% & % % %
FOR X= @0 TO 9
GOSUB 1490
GOSUB 279
NEXT X
GOTO 4¢
REM ***kkkkhkhhkhkhhsk

REM READ SWITCHES

REM *%kdkkdkkdkhkkhhdksk

LET M=X

IF M>= 8 THEN M=M-8: P=PEEK(49241): GOTO 170
P=PEEK (49240)

IF M>= 4 THEN M=M-4: P=PEEK(49243): GOTO 190
P=PEEK (49242) .

IF M>= 2 THEN M=M-2: P=PEEK(49245): GOTO 21¢
P=PEEK (49244)

IF M=1 THEN P=PEEK(49247):RETURN

P=PEEK (49246) : RETURN

REM *%kkhkkhkkhkhxhdhsk

REM SWITCH IS SET
REM *kkkkhkkkkkkkkk*p
P=PEEK (49249)

HOME

PRINT : PRINT

IF P>127 THEN Y=X
IF P<=127 THEN Y=0
SC=Y

GOSUB 320

RETURN

REM **kkkkkkkkk

REM SELECT MOVE

REM **kkkkhkkkhx

IF SC=1 THEN N1=1:GOTO 409

IF SC=2 THEN N=1:N1=2: GOTO 355
IF SC=3 THEN N=2:N1=3: GOTO 355
PRINT "SCANNING SWITCHES"
RETURN

REM **%kkkkkkkxik

REM SKIP DATA

REM **kkdkkdksk

FOR Q=1 TO N

READ Y

FOR R=1] TO Y

READ X,X,X,X,X,X,X,X
NEXT R

NEXT Q

REM **kkkdkkhkkkhx*

REM MAKING MOVES
REM **%xkkkkhkkkxk



490
495
410
412
415
420
425
430
435
449
445
450
455
460
464
465
466
470
475
479
430
481
485
490
495
497
498
499
500
510
520
530

D$= CHRS$ (4) :PRINT DS+"PR#2"
PRINT " "

HOME

PRINT "MAKING MOVE #"N1

READ X

FOR J=1 TO X

READ H,G,F,E,D,C,B,A

IF A=9999 THEN 47¢: REM HARDWARE HOME
IF A=-9999 THEN 485: REM DELAY
& STEP H,G,F,E,D,C,B,A

NEXT J

RESTORE

GOTO 16

END

REM **kkdhdkhddhddhdx

REM HARDWARE HOME
REM **%kkkkhddkhhhkr

& HOME

GOTO 445

REM *%%kkdddk

REM DELAY

REM ***kkdkkkd

T=10

& WAIT T

GOTO 445

REM *kkkkrkhkkhdhsdddhrsk

REM MOVE RIGHT - Ml

REM ****kkrkkhkhkrxkdkkkk

DATA 7

DATA 0,94,9,0,0,0,0,0

DATA 0,9,-650,1020,0,-850,0,-70

DATA -9999, -9999, -9999, -9999, -9999,

-9999, =-9999, -9999

540
550
560
570
680
685
690
700
719
720
730

baTa 9,9,0,0,0,0,9,0
baTaA 0,0,0,9,0,0,0,0
DATA 6,9, 659, -1020, 0, 850, @4, 70
DATA 0,0,0,0,0,0,0,0
REM *kkdkkkdkhkhkhkhkhkhkkhsk

REM MOVE LEFT - M2

REM **kkkhkkhhkdrhkdhhksk

DATA 7

bATA 0,04,9,9,0,0,0,0

DATA 0,0,640,1050,9,-810,0,-40

DATA -9999, -9999, -9999, -9999, -9999,

-9999, -9999, -9999

740
750
760
770
9040
919
920
930
940
950

DATA ¢,0,0,0,0,0,0,0
DATA 0,0,0,0,0,0,0,0
DATA 0,0,-640, -1050, 0,810,0,40
DATA ¢,9,0,0,0,0,0,0
REM **kkkkkhkrrhkhhhhsk

REM MOVE FORWARD - M3
REM khhkhkkkhkhkhkhkhhrkdhksk
DATA 7

DATA 4,0,

2,0,8,9,9,9
DATA 0,90,9,1080, 9,

-820,-50,-50

Wrkcl Infcg - 5



DG A .
5 . bazmad on which =
_10 el It switch 1 was closed, the program goes divectly
to the move part of the program I+ switches 2 ar 3 ars
clozed, the program reads portions of the data to
aﬁ*@(t¢m1]v skip over the data statemsnts that are not
Wantag. After the data iz skipped or not, 1L takes
zaveral instructions to read the data and make the
regulred noves. The final postion of the program i3 the

Tha data statements are generated with one of the
pendant programs and then added fﬁ The interfacea

C
" E(M . This process is easisr fthan caloculating the
movas Tor sach axvis o complste a ta;h.

The following comments sxplain sach

peogran in detail Melo vou wnderstand

g I 4 5 ol [ e - = - o . 3
Lies 10-18 are bthe start upn seqguance for the

G0 are the basic scanning rou*in@ that keesps
outer continually checking the switches until
ore is closad.  Subroutine 140 zet he valuass of
manory locations to eithar 1 or O. Subreoutine 270
checks a flag location to see if it contains a 1
W I+ the flag iz 1, then the number {(in this case O
¢othat caused the flag location to contain a i

as the number of the switch that was closed.
is switch number is labelad "SC" and is used
ion of the program. Motice thabt line

puter ratuwrn to do the loop continuou

ui

oy = rkan) . . o
Limes 140220 MMy o
2ither 1 o oF o, thmt S Deing

.‘I.
awe 2 locations
that the dSpole
o ia ol Tiiease: numberﬁ A L

casant ke numbers ars C058-0

B locations are set up to be set by "pesking'.

This means that if a peek instruction iz done to
location 49240, it will set the contents of the

-



R [E
[EX R A 2

Tians. e

add

%et
& mumbaer acoordine
t%wn the nece:

Dimary number an thie This pre sEle
fouwe 13 Elmctjr chip It tne

oo tm &
P e o ‘ .
causes the chip to Lhacl voltage on pin 7 of its
Lx o pins bthat can have data them. [

v, then the number 2856 is stored in mamory
acation 4984% (04617, This effectively sets a 1 in
1@ lett bit of the memory location that will be
ecked by subroutine Z70. If pin 7 has a 1 (3v) on
it, nething is done.

jt

Line 140 sets M to egual the value of the locp
genagrated v the line 40 program. I+ M sguals 7.
example, then line 130 will ba ﬁkimped and line 1&C
will set location 49240 to a O valus. ime 170 would
check to see if the number was larger than 4. Since
7ois larger than 4, the line would subtract 4 ‘rﬁm

and then redefine M as the remainder (3). The line
would then set thes contents of mencry location 49747

te L. This proce
to binary amd se
setting 49247, the program skips to
Fprocess caontinues until all the
and then the program returns Lo

: —y—r -,

sends the compute fto line 279.

s converts the numbsr “rom decimal
= the locations accordingly. After
ztep 1%0. This
are avaluated

Bl » FAT
S A D B A

Lines L270-I00 check the flag (memory location 49249

and then go to ubrou*11 TE0. It is important to

realize that the flag is checked for all values of X
and SC is set to equal X only when the flag is set.
5C is 0 at all other times. 127 in base 1C iw 11111311
in base Z. The 1z take ur the 7 lower significant
bits of memcry location 493249, I£ it S ih a 1, it

This
Me ¥1ag to

Gis owhich

mean= that the nunber is greater than
ghth bit is the one that is uced as
indlcate a grounded oim on data

sk
2 & closed

rak

mave 1odf

@oDragram thaen

L I o obthe value of SC. If it is no
2 or A he Frmqram prints "SCANMNIMNG SWITOHES" and

returns to the scanning routine. Lines 320-

=

-
ZEG

Z&4
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DG Sm.

1. The operator is given & prompt that prasents the
chnice of running the orogram or retuwwning to BASIC.

Z. Onca the program is running, the switches are
srannaed by a program that places the numbar 0-9 on the
These pins are conneched to a data

Jama poart oins. . =
selactor chip that checks the selected line to see if it

o
= o i

e grounded or at v, I+ the switch is closed,
program sets a flag. The nuwnber of the switcih that set
the flag is transferred to another program.

“il

S. Selecting the move to be made is done by going to
the proper set of data. This is accomplished by going
directly to the data is switech 1 was closed and by

skipping over appropriate data is switches 2 or 2 were
closed.,

4. Moving the robot is accomplished with th@'special
language commands that are available on the Rhino Com
Language card. The progiram checks for hardware home data
ag well az data that indicates a delav.

. Unce the progam has made one move, the program

Feturng to the opening prompt so the operator can select
to make another move or quit.

IZb6



mEnti oned wnlLier

ey e g o -
TETEN

OFERATING

this seguence have
apgrate a demonstration rﬂqr AN JHC“ waL
the demonstration, yvou will go theough 2
acning the robot @evernl sequencas of =
converting the resultant programs so they

trie interface syvstem.

_____________ . Imstall the interface circuibt in the Aponla by
rEmoving the cover and carefully lﬂ sarting the
connector into the game socket. The game sochket i
lacated in the top right hand corner of the ciroait
hoard, very near the video connesctor. e zockst i
the WHITE COsramic socket labeled GAME /0. oL Ay
want to leave the cover off the Apple whan this

ST N o 2=l
Fowit L connected.

i

call the communication card and sat up a

and controller ready to coperate. Malka suwrs the
rubut has room to extend fully to the right, left and

front. Use one of the programs to locate the robot
in the hardware hom2 position with the hand vertical
and the fingers closad.

____________ 3. Laad and run the SWITCHES pragram. This is
thae p nq am wsed tao implement the int : '
raciy swilitch, the robot
the rlqht wherm s2witch 1 is cloqed, i
awitch 2 and %mrward Wi th
program several btimgs to mass
i : Dompare the mov
statensnts

mirogram that iz in the

ow aa oz bho

i m it is set up to run.
Fh@ pm"¢"b111t1mu of this system should stir vour

87



imagination. A1 o vou have Ravae the robot
ANY DIreprogranned seguence Lhe appropriat

"trained

and the robot will do what

The chisg i %
daesign o cate & los eV RN
the robo! achivated. It wmuid Y
{ of this manual? to sui ltJ a

simple

.
Fa I e I N L I CORE O IR R s
LA G B e L
1

w

fave the rohat turn on a lignt i% &

n addition to zenszing single switch closures, the
program could be mmdifimd to respond to anvy combinaticn of
the 16 switches., This apability gives the Rhino =wstam
tremenedous £1 xibility.

‘.‘

DEVELOFING NEW MOVES

oy
EY

To add youwr own moves to the switohes program
requires the followir atcp

1. Develop and save the programsz you want the robot
to do, using one of the teach pendant programs. Make sura
all of the programs start and stop in EXACTLY the same

place. This is critical SiﬂCE any error will affect

the other programs. Make sure all 8 axes are eset to the
Mezme paﬁlt*mn. Mame each of ithe Priograms vou develap in a
way that indicates their cparation.

- - ! ™

dE wonvert each of the programs to a BASIC DEQGgram
using the CONVERT program.  You may want to review tihe lah
on the communication card to refresh your memory of the
proper operation of the CONVERT program.

Je Use the REMUMBER program to add the data
statements to the switches program. You will load the
switches program and then merae it with the new data
statements. &s vou add data, vou will need to delete the
move part of the BASIC program that is obtained as the
part of the conversion DIE 0G24,

4.  After vou have all the data statements added to
the program, vou wiil need to alter tha %witcHEE o g &m
Ls ’“%’@ct the number of programs and switches YO

i

PIrograms WsEe .

The following zteps will lead YOU througih the orocess
af integrating sever moves of the robot with the
switoches progeram. ira that you know now

These stesns ragu
Qi

i
to use the programs mentioned bad & you do this lab.

4. Record three separate moves of the robot,

—r———

569



baeing sure to have each set of moves raturn to WoLuis 8
axis home position.

~2n o Convert each of the programs and save the
Fasultant srogeams.

6. Load RENUMBER into the computaer.
______ 7 load sgach of the move programn:
moves potion of the program so all that is left ars
the data stabtments. Be sure to not remove the first
data statement that indicates how many moves will be
made. Renumber them so the first set of data starts
at 1000, the second at 2000 and so forth. Be sure to
resave each program. '

—_——3.  Load SWITCH-D into the computer. This is a
varsion of the switches program that has had the data
statements deleted. List this prooram to makes suerz

it is im the computer.

—_——7s Merge each of the moves programs with the
switch program. You should now have a complete
nrogram. If you wsed T switches, vou ara ready to
operate the program. I+ vou used more or less than &
switches, do the following steps. I+ not, operate
YOUr program to check out its performance.

-

N
i

_1G.  Change each of the following lines to
the number of switches in vour conftiguration.

AF.  Line 40 - Make the maximum number match the
number of switches you have: You don 't need Lo
change this i+ you have less than 9 switches.

B. Lines 320-320 - Add or subtract lines. Make
sure the values of N and Nl are appropriate.

Mow that yeu can have your robot respond to contral
switches, yvyou are ready ‘to have it do a variesty of

c
tasks.

Set up at least one of the following ideas to
strate the power of this Ltechnology.

INTERFACING IDEAS

imag
mor e
only
done

The following ideas will each recuire consi
ination and waorl. You may have ath &
appropriate for your lab facilities. The
offered to indicate the range of things t

[

U3
se ldeas are
hat might be

L9



Lo Have the raobot place objects on a balance Seam,
scale, or any other device that will weigh the abiscts and
has a moving indicator to determine the weight., Set a
switch on the scale so cbjects that are too heavy will
flip the switch. Then program the robot to pick items
from the conveyor, weigh them, and place the good items
in one place and objects that are too heavy in another

location.

2. Sort objects according to size. You may want to
use the microswitches that are on the robot hand, or add
more, +or this problem.

3. BStack objects from the conveyor onto a pallet
until the stack reaches a set height. Theén have the robot
move the pallet to a new location. You may want to keep
this application simple and use switches to indicate where
to stack =ach new item on the pallet, with a final switch
indicating the movement of the pallet.

These are only three simple ideas. You will probably
think of a doxen that are more interestingand challenging
than thesze. If vou can, have two or three people help you
develop some of these complex applications. It is bhest to
do relatively =asy applications until yvyou explore all the
difficulties that are involved.
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[IH]

NAME

L. Which program is used develop the data
values for the robot noves?

a. COMVERT

b TEACH
c. RENUMEER
d. ALL MOVES

binary version af the number in the scanning
partion of (the program?

2. Which mesmory locations are used to store the
]

a. 47240
Be 42243
c. 47245

d. A4%247

Z.  What does the 3KIFP DATA portion of the
program do?

Ha FReads a data counter and then reads
data fields the indicated number of times.

E. Reads data fields the number of times
indicated by the switch that was closed.
Reads data fields and then transfers
them to the next poartiocn of the program.
D. Reads a data counter ard then makes the
Aumber of moves it indicates.

4. When the program detects a closed switch, it
i :oa flag. This iz done by

a. Futting a L in bit 2 of memory location

f

4
In
ory
[H}
0
B}
(a0
4]

h. Futting the mumber [27 in
raegister.

571
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