Building Your

BASIC
Robot

Robots vary in sophistication and
control structure, from Mars-walking
space probes and industrial sssembly
robots o self-motivating housshold
pets and computer-controlled “turtle™
drawing robots.

My interest in these simple mobile

computer input-outpat devices, robots,
led me 1o construct my own “mechani-
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cal pet”, Bert. Bert can mowve forward
or backward, and pivot in either direg-
tion. Through a separate computer-
controlled monitoring system, he re-
sponds to a pre-programmed direction
after bumping into something and
records his steps on film through a

mounted video camera, A distance sen-

sor controlled by the same computer
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keeps track of the distance he travels
and guides him on a pre-programmed
path.

Bert stops on comma nd for any et
|-:|'||_.l_1|'. of time, and on command re-
sumes his program where he left off
My reason for building this **robet™
was, from the beginning, (o construct
a peripheral for my SWPC 6800 com-
puter. My goal has been achieved
Bert ks controlled entirely by SWPC
SK BASIC, verslon 2.0 And although
there are specd limitations with BASIC,
careful programming and reasonable
compromise allow for the convenience
of BASIC real-time control.

Bert is constructed almosit totally
of replaceable, interchangeable plastic
parts manufactured by the fischer-
technik Company of West Grermany.
Although expensive, the building ma-
terial allows for quick translation of
ideas into physical reality, and easy
mendification of an existing design.

Struts of various sizes, nylon/plastic
equivalents of l-beams, rivets which at-
tach struts to l-beams of other struts,
plastic chain, gears, metal axles, cotter
pins, motors with reduction gears and
worm gears make up the building ma-
terials, Flexible skin-like material can
also be attached to [-beams with rivets.

T‘H"g_"' ﬂ]a‘ltr:ul; re §|J||. 10 SIEUCINnEs
that are kight but strong. Bert can move
50 Ibs. with only minor reduction in
speed — Bert only weighs about 10
Ihs.

Eight parallel fischertechnik low
woltage motors drive the robot (4
maotors drive each of the two tracks).
The motors are driven by I:f[ul'la'lflj ad-
justable power supplies. The power
now in wse travels to Bert via cables
at about 1.5 amps per side at 12 volts,
A third power supply drives the CRC
express serial relay interface and de-
livers .5 amps at 5 volts.

The CRC interface connects to the
control computer via a serial outpul




port. By sending ASCII characters to
the interface, followed by an execute
character, the relays change position,
and power is supplied to specific mo-
fors in the robot,

For example, by sending the ASCII
sequence “AIEICIGE” to the interface,
both tracks will move forward, The
A!E! commands the two direction re-
lays to supply forward voltage, The
CIG! sets both sides to “on™, A for-
ward motion is accomplished simply
by the program statement: print “A!
EICIGI™,

At present, the robot may be pro-
grammed under BASIC to move for-
ward or backward, or to rotate left or
right. During rotation, one track moves
forward, while the other is in reverse.
During a continuous rotation the ro-
bot does mot move from its initial posi-
tion more than a few inches.

Inputs to the control computer
consist of 5 bits of a parallel input
port. These consist of 4 bits, 1 each,
from the front, back, beft, and right
sengor arrays, and 1 bit for distance
travelled dotection.

A gear rides on the chain which
fiorms the tread of the robot's track.
This gear drives another chain which
In turn drives a rotating elliptical
gear. At the top and bottom of {15 ro-
tation, the elliptical gear strikes two
micro switches which are wired in
parallel. Therefore, exch rotation of
the gear sends two pulses to the com-
puter port.

The 6800 MPU uses what is called
memory mapped input fout put. This
means that an input port, to the com-
puier, appears as a memory location,
just like any other location. The five
inputs are, in effect, wired right into
the memory 0 that whenever you
want 1o “scan’ this port, all you do is
take 3 “PEEK™ at its location, using
BASIC.

The PEEK is a BASIC language
function, such that PEEK (1) will re-
turn the decimal value of the contents
of memory location J, To read the in-
put port you just use the PEEK state-
ment. No handshakes or interrupis are
AECEssAry.

A tight BASIC wait loop counts
the distance pulses by constantly
“PEEKING™ the location where the
input data appears. Since BASIC is
slow, and these pulses are of short du-
ration, a certain percentage of distance
pulses are missed.

The same routine that counts dis-
tance pulses also constantly checks for
a sensor closure — an interruption in
the robot’s contrel program that oc-

This self taught
tinkerer built
his own robot
and programmed it
using BASIC.

curs when these “sensors”, which are
microswitches mounted on the front,

back, and sides of the robot, are closed.

The robot then moves in a direc-
tion opposite 1o the original direc-
tion, upon hitting an obstruction.

The inputs are arranged so that the
digtance pulse (10) represents the beast
significant bit. Front sensors are 11,
back are 12, beft 13 and right 14,

Al any time, "PEEKING" the input
port gives a number (decimal) between

O and 255. If no sensors show a “hit™,
and if no distance pulse is present, the
port will show 2535, 5+ However, if any
sensor shows a hit, then the input port
will show a number less than 254, re-
gardless of the status of the distance
pulse.

The input routine first looks for a
sensof hit, then a distance pulse, and
finally, for a second sensor hii. Any
time a sensor hit registers, the comput-
&F goed iAo s iriIErrllpl :.ubml.l.lin:,
which stops the motars, and then re-
wverses them for a fixed perod of time.
During this brief time the robot is not
respongive 1o further sensor hits.

The BASIC control program re-

cognizes the following commands: FX,

BX, RX, LX, 5X, and 1X. The robot

moves forward, backward, left, or right
X number of pulses by FX, BX, LX,
RX respectively. SX stops the mbot
for 2 time period proportional to X,

If X = 0, control is immediately re-
turned to the options menu portlon of
the program. JX loops control to Step
Mumber X, This is usually used to re-
peat 3 pattern over and over by “jump-
ing” back to the initial program step
repeatedly.

The conirol program will alse allow
robat control patterns of up to 50
steps to be saved and loaded from
paper tape. A list of the current pro-
gram may also be obtained.

The control program is written in
a top-down, structured programming
style, and is easy to modify. If the
roboi were programmed in assembly -
or machine language, its control would
be much more precise — no distance
pudses would be lost because of the
slow speed of BASIC.

Tests have shown that the control
program and robot are precise enough
{25 currently developed) to bring the
robot to the same spot after executing
a short stored program, plus or minus
about | foot. This means that, if the
robot is placed in a particular spot,
pointing in a known direction, execu-
tion of a stored program will beave it
no farther than about 1 foot from
where the same stored program drove
the robot previously.

Another application of the robot
is to carry a standard video camera. In
this mode, the robot can be directly
controlled by a SWTPC joystick. Again,
a program coded in BASIC s wsed 1o
interface the joystick to the CRC serial

Software -
Peripherals -

Sensors - 3 — forward — wired
2 = right
2 = lefi
5 — roar

Relays

2 — 1.5 ampere variable voltage regulated power supplies for

Technical Specs on Robot Package
HxWxL- 18" x19"x 26"
Weight - 25 Ibs. incleding camera
Speed - 1.5 mph at 12 volis
Muotors - 8 — fischertechnik motors with gearing
Power -

motors
Supplies - 1 — 1.5 ampere 5 volt power supply for relays
Camera - Sony AVCI200 video camera

Computer - SWTPCH300 — 16K memory

SWTPC BK BASIC, Version 2.0

Slot O — serial port to relay Interface

Slot I — serial control terminal

Slot 3 — parallel interface to joystick

Slot 5 — parallel interface 1o sensors and distance pulses
Slot 6 — serial interface for Teletype

in parallel

CRC Xpres serial control interface — containa 4 SPST relays
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interface which, in turn, controls Bert’s
Molors.,

The human operator sits in front of
a TV maonitor which shows what the
robot-mounted TV camera is pointing
at. By moving the joystick gently for-
ward, the robot will respond by mov-
ing forward. Move the stick back to
center, and the robot stops. Move the
stick right or left, and the robot ro-
tates right or left,

A signal transmilted by the camera

sible.

gO% 1|1r-.u|g|'| 1o a vides recorder be-
fore it reaches the monitor. A scene
could be set up and videotaped by
the moving camera, By going forward
or backward, slow Zoom-ins ane prss

Ax this time, the camera cannot tilt
up or down. As it approaches an article
on the floor, the object disappears
'..IIII1I. ||'.'.' \':II'It'.'!':Ih View

My 'I:-'I:|:|'§ for the futune | F:
constructing a “camera tiller

fischertechnik parts, proximity sensors,
an on=-board com puter amnd 2 radio link
to the SWTPC computer.

The onboard computer will follow
its own built-in program, responding
to sensor hits and counting distance
pulses. The radio link will enable the
robat to carry oul instructions sent oul
by the remote master computer
instructions would come in a general

ther than spec
m might include p

How the Robot
Program Works

When vou have constructed your robot, you can get him
moving with these BASIC programs. First, though, you must
undersiand the CRC Xpres Relay Interface before you can
comprehend Program 1, This board contains fowr relays and

Sereen Diagram

:LH,,l ]
N |
| : |
| L AXXXNXNXXXXKXX R |
L X X R |
| L X X R |
| L X Xl |
B L x 3 E |
L X X E |
}- X K
[ XXXXXXNXXNXXXNX E |
B |
|
- | 1
i [ k] |

Wiihkin the square outlined by the X's, the sobot will stop.
The cussor musi be moved close to ihe “F or B for
mation i begin With *L" and “R™, it is safficient for the
cigrsag 1o be behind the line of L's or Ry, snd not sbove
af bebow ihe emding L's v R's

connects to a serial port at Slot @ Any relay may be tumed
off, one at a time, as follows:

On Off
Relay 1 A B
Relay 2 C C
Relay 3 E F
Relay 4 G H

The execute character to the relay board performs the
maost recent command received. The execute chamcter is
the exclamation point (). Sending **E!™ to Port 0 would
turn on Relay 3

Relay 1 controls a DPDT power-relay to the right side.
This controls the motors forward or backward.

Felay 2 supplies power to Relay 1.

Relay 3 activates a DPDT reversing relay that controls
the left side.

Relay 4 supplies power 1o Rel

Thus, PRINT &0, A
and the robot would march forward,

The commands implemented so far which contral the

robol molors ang:

Forward &  Comment
F X Where X is the # of the

pudses

Backward B X 3

Lefit L X >

Right 1] X !

Jump ] X Where X is the control state-
ment

slop 5 X Where X0 stop for X time
periods

ar 5 0 Retum to OplIons menu

Fecorder On v X Where X can be anything

or Off X X %

Another relay activates the video recorder. This relay
functions through the SWTPC AC-30 Cassette Interface
Board's “Cassetie Motor Control Output”, Sending the
appropriate control character 1o the CT-1024 ver
opens or closes the relay. Control T turns on the el
Control R causes it to tum off
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motion detecior is activaied) or program. 8 Cilizens Band Class “C” tone trans-

The program instruction conditions
the on-board computer (o accepl a
series of specific motion control com:-
mands from the SWTPC computer,
store these commands, and execute
them until an override command is ne-
ceived via the radio link. Examples of
specific motion control commands
are: forward 10 pulses, right 5 pulses,
stog 3 time periods.

The radio link will be made from

mitter and receiver. This transmitter
will be modulated, or tumed on and
off, by the SWTRC 6800, All cutput
will appear in the form of serial ASCII
characters, At the receiver, a wave-
form corresponding to the original
ASCIN character will be produced,
which will be fed through a bevel
converter to the serial input port of
the on-board computer.

Mindature bead-acid batteries will
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provide power to the motors. Two
batteries will power each track (see
photos). The on-board computer will
be powered by 7 amp/hr Gould nicads.
What the purpose of all this is, I'm
nat sure. 1 had alod of fun building and
designing my robot and 1 plan 1o go a
bt further. My fascination with robots
will continue unsbated, This simple
project opened my eyes to the inered.
ible complications that can pop up
when you try to design a robot. g
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|
: : |
| Program [ - continued @38 FOKT= P2 |
4@ FRINT ™ FUT TRAFE IN REACER™ |
2588 REM #s+ STOF ROUTINE 5@ PRINT " TURN REACER ON®
| ®&1@ FRINT f@.*"DIHI™F &R INEUT B
2811 IF BCI)=A THEN RETURM 98 FOR I=1 10 K
BSIE FOR Cé=1 TO PiIXsi@@ L1908 INFUT ASCIY-PLID
813 NEXT Qé al 18 NEXT I
®\la I=l+] a128 PORT= 1
| | w20 GoTO 2@z 4125 FHINT ™ LOAC FINISWEE™
|  ETP@ REM =s% JUMF ROUTINE 4138 RETUEN
18 I=B(1) 908 END [
120 GOTO poze @08 FRINT #1:CHRSC1&)FCHRSCEEY 3 "LIST™ [
e FRINT #1.," TURN TTY ON“ @18 FRINT #1 |
Bl INPUT * 15 IT ON"-G3 @28 INFUT “RANGE (R1sRE}":RlsH$ '
BWER IF LEFTH(GE-10="Y"™ THEN 3048 @32 FOR I=RITORE
18 GOTO leaa @48 FRINT #F2."™ STEF #™:[:"
M4 FORTm Fg BIASCINET WIR{1}
WEA INFUT ™ RANGE (1:E)™sh @58 NEXT 1
W6@ FRINT ™  TURN FUNCH ON" 58 PRINT #1." LIST CONE™
BTE LINE= 240 @78 RETURN
BE@ FOR I=1 TOER TERE FHRINT #08."DIHI™ |
MBS FRINT JF2-CHRSC 25530 TeRE FOR C9=1 TO 1@@
2@ NEXT 1 Te@83 NEXT LC#
JIR% FRINT R RI2 0N L GOsUR TIPQ, TE8@: TSAR. TLPR
JI@T FOR @B=1 TO 12iFRINT CHR¥¢2S55)FINEXT @8 7820 FOR Gawl TO 2@
M@ FOR Im] TO R Te3@ NEXT 4Ga
12 FOR CBs1 TO 1@:PRINT CHRSCPSE}IENENT Q8 7895 TeB{1)
MNI1S PRIMNT ASCINI"."JPRLI) Tigd RETURN
| 3e@ MEXT I TE0A PRINT #0:"AIEICIGIAIEICIGIAIEICIG!™S
IS FOR I=1 TO £@ 7218 RETURN |
Ja@ FRINT #FP2sCHHSCPESS) ] TIRd PRINT #Q-"BIFICIGIPIFICIGIPIFICIGI™ |
3158 MEX1 1 Ta1d RETURN |
Ned FORT= | Ta@@ FRINT #@8:"BIEICIGI™;
I 78 FRINT "SAVE CONE" Tala RETURMN
| BB RETURN TEAQ PRINT #@."AlFICIGI™}
| 4008 PRINT "TURN TTY ON“ 518 RETURN
W18 INFUT ™15 TTY ON“.G% @8 PRINT FEEK{3279@)
W2 IF LEFTS(GE: 1)«>"Y" THEN 4818 WIS GOTO S9eR

™

to Port 6. Line ®0 se15 the control

Comments on Program [ - 78s e T

Program Line 1-9 - Initialize constants, DIM =
32700 in Statement | is the sensor input loca

or ermor and
wagh line 120,
allows the user to input a
the command chart. Wi
n displayed.

Nl

jumps to the appr

mal nota 10001 100 - This s
10— 10 - This clears the CT-1024 terminal’s screen and gram, a step at a timd
15 entered, the options m
20002100 - This sect the stored program The ro
bot performs each programmed step in order. Line 1085

ror message if the command is invalid. Exe-

i dec-

| prinis an options menu. Then it requests your choice, Line

\l'\l.h s 4 II oL L3 COMAnE o 11

=ors, continuall g for any microswitch sensor ihat
has reached an obstruction.
“T"is first st to 0 in line 2210. *

of pulses from the

B the counter

feed 1o the relay interface port whi

er location points in BASIC. This a
unwanted CR&LFs. Line 2220 activates the
2 robot goes forward. Line 2230 inputs

1335 -
2235 chec

(ilg 3 ti]

sensors inlo varable )7, Line ks 1o zee if 2
switch is closed indicating an obstruction. Line )
ks 1o see il a distance pulse is present. If not the pro-

15 the sensors. Line
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distance pulse count. Line 2260 compares the new total to
the preseribed amount. This checks the farward movement.
Line 2265 re-reads sensors at line 2230 if the count has

not reached the programmed distance. Line 2270 incre-
menis the step counter. Line 2280 retums to command
decoder (Line 20200

2300=2380 - The backward routine — duplicates lines
22002280 ul[hmlgh lemee 23200 1% different.

24002480 - The left rowtine — same a5 above,
2500—2580 - The right routine — same as above.
2600—2620 - The stop routine — if B{I)=0, retum o op-
thons menu. I not, wait B(l) time periods.

XT00=2720 - Jump routine
30003180 - Thiz routine saves 3 control PROFram on paper
tape. Line 3107 prints nulls which are necessary for timing.
Line 3112 does the same thing. Line 3115 outputs a set of
values,

g0 to control statement SB(1).

4000-4130 - The LOAD routine loads a paper tape gener-
ated by the SAVE routine. Line 4060 gets the number of
steps 1o come from the tape.

GO00-6070 - The LIST routing is used to list the stored
program.

TOO0—7510 - This routine is called whenever a sensor clo-
sure is detected. The routine stops the robot and walts for
a while, (lines T000-7T003). Then Line 7010 directs the pro-
gram o a line which makes the robot motors avold the ob-
struction that has been detecied. “D is a variahle whose
value can be 1, 2, 3, or 4. | means forward; 2, back; 3, left;
4, right. Line 7010 thus selects proper directions for the
robot. Lines TO20-7030 cause a fixed delay. Line 70935
should be “T=B{1)". This, in effect, causes the robot to
akip the step involving the obstruction.

99009910 - A utility routine for printing sensor inputs in
decimal on the terminal.

Program I1 il S T ST
- “ll-

SER NEXT E9
@l GOSUP Seed T8 PRINT #1." LT PR T A
m|mar Fos3 580 FhRINY #ItpEINT FRoFRINT #5:FRINT #1."
@05 GOEUR 188 P
218 AFEEK(3IZTER) 5895 PRINT #1-CHRSC 1633
@IS IF A»62 THEN 1@ 5188 RETURN
Wi6 E=FEEK(IZTER) 8288 IF A»a5 THEN BO5@
@IT IF B<IPYTHEN]S B2@5 IF A<l8 THEN BRSR
®32 GOSUP 1088 B21e IF BFxla% THEN 8858
35 GD5SUR 508 5215 IF B<12@ THEN B25@
@5 COSUP Bded B228 REM sw¢ FORMARC MOVEMENT
Ba@ GOTO 18 BEES GOSUR B5A81 FRINT #@8,"AIEICIGI™i 1 RETURN
#ied FOR He@ TO &3 8858 IF a»as THEN @
@@ FOR ve=l28 TO 223 BaSE IF A <18 THEN 81282
BL2@ FRINT #F2 B2E@ IF B<198 THEN B1@@
@138 FRINT #F2: CHRICH) FCHR3C V) § BG5S REM ee+ PACKWARLS MOVEMENT
Blag NELT V BaTe GOSUP BS@@ tFRINT #@,"FIFICIG!™; 1 RETURN
B1%@ NEXT H Blgad IF Ax1@ THEN 8158
8155 RETURN B1@5S IF F<1&@ THEN B15@
Eed REM Bli@ IF P»1E@ THENW B1S@
P88 FRINT #PRE: CHRSCAYICHRSCP) S B115S HEM #w% LEFT HARC TURN
2548 RETURN Bl12@ GOSUP ES@@:PRINT #@:"AIFICIGE™) 1 RETURN
1208 FHINT #F2: CHRSCA%E43F CHRECPY S B1S@ IF A<S55 THEN B2g@
W3% GOSUF S9@ B15S IF P<1&@ THEN G209
2a@ RETURN B15% IF B>18@ THEN BEP@
wB5e goTo 18 B165 REM ##+ RIGHT HARLC TURN
S808 FRINT #1,CHESC16)5 CHRSC 28D S B17@ GOSUR B58@1FRINT M@, "BIEICIGI"I 1t RETURN
1@ FRINT #l."™ | A E2@e HEM #®% STOF
5328 FRINT #1:PRINT #13FRINT #1 B2@5 FRINT #@: "DIHI™}sFRINT #1."™"; 1 RETURN
5838 FRINT #i." LEL LA L L L LT L B588 FRINT "
5848 FOR Z9=1 TO & 585 RETURN

The Joystick is interfaced 1o the input of a SWTPC paral-
lel /O port, The stick moves in two dimensions. The on-
hoard analog to digital converter transforms the stick mo-

Comments on Program II

This program uses the SWTPC Joystick and SWTPC GT-6144
Graphics Display. A map (see diagram) is put on the video
screen showing front, back, right and left. A blinking cursor
mowves anound the screen as the Joystick is moved. When the
cursor moves near one of the letters F, B, L, or R on the
screen, the robot moves in that direction. The screen now
changes from computer-generated images to video signals
from the rabot™s camera. When the stick is again centered,
the robot stops, and the map reappears.

To understand the comments on the program which lol-
lows, you must understand the two peripheral devices.

tlon into output values. “A"™ is the horizonial stick posi-
tion value, and “B" is the vertical position value, Jaystick
continually outputs “ABABABABAB — * at a rate of fifty
times a second. “A" varies from 1 to 62 {decimal) while
“B"" varies from 218 to 129. Thus, A=1, B=129, would be
the lower left corner; A=62, B=129, would be the lower
right corner; A=62, B=215, would be the upper right corner;
and A=1 B=218, would be the upper left corner.

The GT-6144 Graphics Device displays rectangular dots
on the video screen. These dots overlay at the same time, as
characters from the CT-1024. The graphics display is a grid
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