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THE IDEA of a mechanical man, or
“’robot”, Is an anciant one, dating
back 10 the time of the Eqyptian
Pharaahs. The word itsalf was coined
by the writer Kerel Kapek: it comes
from the word robaia in native
Czach, mezning *’labourer”” o1
“worker”". Kapek's fictional invantion
undaubtedly owed & debt to the
lagend of the Golam, & walking figure
formad fram tha clay of the earth by
accult powers; the story of
Frankanstein, although written by an
English gantlewoman, is also derived
from the legends of Bohemia and
Transylvennia and offers another peint
of departure hor the invention of tha
robot. Perhaps these shedowy onigins
account for soms, at laast, of the fear
and lpathing with which the rotot is
sometimes regarded!
Thls was not ahways so; in the
mechanisms.

many novels on the thems. Anather
writer, whosa fictional approach cams
closer to the modern realisation of the
robot, was Robart Heinlein. His.
“Waldoes™ wers giant manipulators
with the strength af an hydraulic
forge, linked to spesial controls in the
form of arm-length gaumtiets: the
Waldp mechanisms simply duplicated
the movements of the aperstar,
uansmittad via the pauntlets.

Like most good science fiction,
tha works of Asimov and Heinlein
were souhdly based on raal science.
At about the time the suthors wera
{formulating their ideas, Norbert Weiner
was defining the science of
Cybernetics. ag *“Tha figld of contral
and communications, whether in the
machine or In the animal’*, and the
British mathemeticien Turing was
Iaying down the standards for

ing artificial inealli ie

the Growds gt Inirs and carnivals,
whila mare elaborate tays and models
wera bullt for the pleasura of the well-
1o-do.

Apart from these, however, tha
robot has been & total figment of
science fiction, particularly in the
works of Issac Asimov, who creatsd
a virual seience of Rebotics in his

computar or robot intelligencs. Than.
too, a man named Thomas Rass bullt
tha first ""robot mouse™, the protoiype
of all maze-salving turtle-type robota.
Al this took place in the 1920s,
bt subsequertly robotics developad
at 3 vary slow paca until the lete 70s,
when usaful industrial robsts bacame
a practical proposition. In the past ten

How It Works

HEBOT Il is contralled by sight date
linaa derlved from the ZX81 com-
puter’s data bus via an interface
Brd.
Bite O and 1 contral tha right
matar trive ciccuits. When bit O is
high and bit 1 is low, the motar will
drive in the forwerd diraction; when
the bit pattern is mversad (DO low,
D1 hiphl, the motor drives i
raverse. When both bits are low OR
both ara high, tha motor is stopped.
The laft motor is contrelled by bits 2
and 3, in identical fashion, s that by
tuming an, or off, diffarent combina-
tiong of bits 0-4, HEBOT can ex-
eciite quite a variety of movemsnts.
The LEDS on tha robot Bre swit-

h)
vears, of course, robots have becoms
an exceedingly hot tepic in the
naticnal prass, to the point whsre thay
ara proclaimed the kaystone of the
gecund Industrial Havulunon and

It was at the start of tha revival
aof ingarest in robotics that HEBOT,
Hobby Eleclromcs first robot,
eppeared. The "“Amiskle Automaton
was, by today’s standards, 2 simple
devica, entirely controllad by the on-
board “hardware’. In fact HEBOT
raprasenied No great operaiional
improvement on Ross® origingl micro-
mouse, though of coursa tha centrol
system was both simpler and marm
versatils dus 1o the use of intagratad
circuit tachnology not available
Rass in 1938!

Son of HEBOT

Threa years on and HEBOT 1, while in
many ways a very similar besstia, is
considerably improved both in its
contral system and in operation,
becausa it is designed to be used in
conjunction with a migrocompurter.
Specifically, it is desighad 10 be run by
a ZX81, but the control system is
Qquite simple and any microcomputer

ched on when bit 4 goes high, and
bit 5 turns on the salarold, forclm;
down tha centrally-mounted pe

Finally, bits & and 7 contrat HEBOT &
horn; & lew tone saunds when bit 8
igh, \ncraasmg in pitch when bit
7 is takan h

Tha amlcn of tha contral bits,
aspacially movement cantrold, is
summerised in Table 1.

Four microswitches are mourntsd
on the robat’'s PCB. mechanically
connactad o ‘shall’” 3o that they
operate as collision datectors. Thay
are directly linked 10 four output data
lines, DO-D3", and thence 1o the
computer data bus via the interface
bogrd.
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Tha interfaca board itself gon-
sists af four circuit blocks; the ad-’
dross decoder opsarates on the top
tan address linea ta proguca an out-
put only fer & certain bit-pattern, cor-
respanding to a particular address —
the addreas of HEBOT il. Tha cantr
circuitry determines, in conpnction
with the cutput from the address
docadar, whathar the computer is
writing deta ta HEBOT or rezading
deta from #. The cutput latch ac-
¢epts data fram the computer at
specific times and stores it until thd
next tima data is sent 10 the
machine. The input buffer transmits
deta frem the robat when the com-
puter is raady to accept it.

Bluck disgram of the total contral systam far HEBOT 11
The Imerfsca Board plugs it a ZX81 computer and is
cannttted to the HEBOT by a length of 16-way ribhon cable.
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Tabie 1. HEBOT Il data input bus.

capehle of inputioutput aperations,
whether via a dedicated 10 port o1 via
an expansion port [25 used by the ZX)
can be used to control the machine. A
marmary-mapped imerface hoard for
the 2XB1 computer is presented a3
part of this project, end further issues
af Hobby Electranics will explora the
possihilities of other interface boards
and computers. (We wauld welcome

Table 1 (abova) shows the data control lings to HEBOT IE. Data bits DO — D3

control the direction of mavement, and

inug bit-patterns parmit a great

ety of movaments, particutarly in tuming motions. The remaining bits,

4 — D7, contrad the lights (LED), the hom and its phtch, and the position
af the salanaid (up or down}. 1n practics, HEBOT & controtled by POKEing
the decimal valus cotrosponding 1o the requirad ection or comhbinstion of
actions; gy, POKE |oddress), 5+64 commands forward movemant, with the
horn sounding. Saa Tebles 3 and 4 for further examples.

Table 2 (balow) shows the sansor deta from HEBOT. PEEKing tha

roburi's sdidrass will vetum a decimal vatue corresponding 1o a gotific

sansor, if a sinple-point collision he occurrad. A ‘touch” activating Two sansors
will retura & decimal valus coasponding to the combination of sansors.

Table 2. HEBOT Il data output bus.,

07 DE" D5 ['TH X [FH D1 | DO |
| = - = Back Frant Right \ Laft |-
[ Touch | Touch_| Touch | Touch |
TOUCH SENSORS BINARY | DECIMAL
ACTIVATED !
None 00000000 a
Laft only 00000001 1
Laft and fran 00000101 5
Left and back 00061001 ]
Right anly 0600010 z
00000110 6
00001090 1w
00YO01 60 4
0001000 8

on this subyeeli

The significanca of computer
control is that, whereas the opriginel
HEBOT had only a small ‘library” of

almost unimited capabilities within the
restraints of available memary and

Mot only daes the use of computar-
control greatly incrasse the capabilities
of HEBQT | but the machine iteslf
takes programming out of the two
dimensional world of the VDU into the
raat, three-dimensicnal world. it cen

forward, backward, left and rght —

contralled. Programs can be develgped

so thet HEBQT ¢an sense its -
enwmnmsnt via the pbstaclk senslng
switches caupled 10 its she\l’
allowing the most devious ' avil dence
routines’’ to be devised to solve a
maze or map the shapse of a rgom. It
can even report directly on its
anviranment, via the hlinking LEDs and
the two tons hom,and ane of the
most interesting posaibilities is the use
of the builtin pen, which can be
forced down oRto a shest of peper ar
arthoard, to draw grephs or qutline
sketches.

Twe simpla programs are fisted,
later, 1o illustrate the tremeandous
potential of this machine. Both
routines ara given as "starting poims’,
becsuse they ars vary, very basic; this
will quickly bacome chvious and at
this point, it is l6ft to the rasdsr ta
develop mora usaful routines|
However, HEBOT ¥ will be Fully
functioning an impraved programs at
this year’s Breadboard Exhi
the Rayal Horticuhural Society's New
Hall, Greycoat Street, Westminster,
Landor W1, s0 come along and see
it tor yoursedft

The first program is a simp\e

“wali and avoid’ routine; when it
LOADed ard AUN, HEBOT Il Wl”
“pracead in a forward diraction®
im’lud), Nashirig Be ‘ayes’ un
encountars an obstacle. Then it will
hack off, saunding a note, urn left
and cantinue forward until the next
obstacle is encountered.

Tha secend rautine is o basic
““lsarning’* program which will allow
up to five movemant commands to ha
storad and repeated indafinitely. This
program cauld form the basis of a
routine for drawing patterns o graphs
an a large piece of papar or beerd,

AM1 = Right motor forward I = Lights on
AM2 = Right motor ravarse P = Pen down
LM1 = Laft mator forward H = Hom on
LM2 = Lef1 motor naverse T = High tona
D7 | D8 | b5 | D& | D3_] D2 | D1 _|DB  DATABITS ]
T M P L | Lws [ w1 | rmz | am1 | necor contRoL| TS
128 | 64 | 32 [ 18_| 8 4 2 [1 | DECIMAL VALUE |
LMZ [ LM1 | Rh2 | RIA7 | DECIMAL | LM [ R | MOVEMENT T O 2 I EBOT I oy
a a [+] [+] Q of |aff |stop
) [} 0 1 1 ofi_|fwd | tum left about left side
[ 0 i [ 2 off |rav_| ourn right about left side computer speed.
k4 a 1 1 3 off 1oH stop Programming In The Real
[ 1 a [ 4 Fwd | of | 1um right about right side World
[1] 1 L) 1 ] fwed | fwd | forward
[1] 1 1 a [] fwd |rav | tum right about centre
0 1 1 1 7 fwd |off _ turn right about rignt sida
1 ] [ Q B rev | off |turn left about right sida
1 [1] [+] 1 [] rav | Pwd |turn left about cantre
1 1] 1 1] hl'3 ray_| rev | backward ensic
1 0 1 1 11 rav_|off_|iun left about rght side perform » d";"&'g;g"rg g“mtf:( ot
1 1 [ o iF aff |off_|stop
i 1 1] 1 EE] aff_| Fwd | turn Isft about left side with each whes| indepandantly
1 1 1 0 14 aff |rew |turn right about left side
1 RE 1 15 off |off |stop




- TVt

NOTER:
3612 AE Lapr
ZEY.2 ARE BIVBICIVI

Rzz
e

arEs:
LEDA. ARE TIL20
ep 2t

ety

oy e Mypanw

81 =2 w—| iy
[

n iyt

a1

AT e ———

[

L S

noTE -
213 2 VM P

Figare 1. Cirguits of tha HEBOT ||
Control Board: (topl hoth motor contro|
gircuits — they are identigal axcapt thar
ench is controlled by two differant data
bita and each has x separata +2V7 biss
voltage; (middla laft) tha circuit of the
tone genarator (hoan) is bassd ana *
tingle 556 IC. Bit D6 turng

it on by connecting pin 1 to ground via
05, while bit D7 increases tha pitch,
Imiddie right} tha solenoid comrtrol. Bit
D5 tums on Q1 and A2, sctivating
sabanoid L1; {bottom left) the LED
flashar circuit ; {bottom right} the
collision cetactors ara simply
micrapwitches connacted accross a
+4V7 Zenar diode. The dilwlm shows
all four switchas closad — is, a coli

on al 8!

using the pen control. The scope of
this routine is sevsreht limdted by
availiable memory — five commands
&rd the most that can be squaszed
into what’s left of the 1k af a basic
Xgnt

HEBOT —
The Circuit

The circular PCB mounted a1op
HEBOT containg all the circ: 1
the matar drives, tha LED dri
the tone generatar, plus the collision
deteciors — which are simply
microswitches mechanically coupled
1o tha shall. Al circuits are shown in
Figure 1

Egch motar is driven by a pair of
high gain operationsl amplifiars
contained in & single package. The {Cs
chosen for the design ars LM287 75,
dual four watt devices with internal
currént limiting, ehort circuit and
1hermal shutdown protaction. The
ﬂmpllflers are intanally compensated
1o maintain stability for gains graater
than ten hownver, because e gein of
about three s all that is required, input

shunt resistors are used 1o pravide
stehility with the gain al this level.

The drive circuits are identical for
esch motor. Considering IC2a, the
gain is set by R1 2, R11. which
is connactad across the inputs, limits
tha gain st high fraquencies to give -
improved stability.

he wehage on tha ron-inverting

input, pin 4, is set pracissly at 2V'7 by
R18 and thg Zener diode, ZD2, This
stebilised voltage is also fed o the
inverting input &t pin 5, via the trim-
pot RV3, and whan data input D1 is
low {0V, this voltage is amplified 1o
abaut 6-7V by the ap-amp and applied
1o tha motor. I, st the same time, the
08 inpur is 1aken high, gin 7 of IC2h
is taken above the voltage set by
RV4, to abaut +5Y, and the oulput at
pin 10 goes hard towards OV {actyually
about 160, allowing the motor to
drive,

Similasly, if D1 is taken high and
DO low, pin 10 of ICZ6H Goes to about
BV and pin 2 of IC2a goes to nearly
OV — and the motar drives in th
opposite directian. However, if both
data inputs are the same ibath high or
bath low, then the op-amp outputs

will bg the sama and the motor will
not turn,

Thus thesa simple op-amp circuits
convert logic Jevels into reversible and
independently asjustabls voksges;
further, sincae tha motot drive voltages
are derived from a Zenar stabilised
supply, they will remain indepardent
of variations in the supply line vohage.
The RC networks an the outputs of
the op-smps are ‘Zabel. natworks’,
further ensure high freguenoy slahnlity

Tha ramaining cireuits are very
simple; data bit four (04] wums on 03
whaen high, thus turning on LEDSs 1
and 2. The sotennid is controdled by
D5: Q2 is 3 high eurrent transistor
which receives its basic drive fram Q1
when D5 is high. The two-tone harn
cansists of a 655 IC operating as an
astable and driving a loudspeaker.
Transistor Q5 will swilch on whensver
D6 is high, thus connecting pin 1 10
ground aligwing it 1o escillate at about
500 Hz; the frequancy is increased b

1000 Hz by taking D7 high under
program contrel

On the output side, the
microswitches simply switeh from DV
10 +4V7 whenaver 8 collision coours,



The Interfaca Circuit

This circuit {Figura 2) enableas HEBOT
Ii to he treeted a8 = memary-mapped
LU 1/Q devica; in othar wards, date can
be sent ta and recaived from the robot
Bs if it were another memory Iocation
,), in RAM ar ROM. It uses the

DRLANE eomputer's address and data busses,
minues togather with the control lines TR

iective low WRite cemmend), B
iRaal) ard WAES [Memory REQuasth.
Asg brisfly expleinad in How It
Works, the intarface board consista of
four clrcuit glements. The address
decoder is a comperatar, IC1, which
comparas the 1op 1en address linee
with a ten-bit code set up on the ten-
At bank DIL switch end resistor neiwark,
Thus by sstting these switches. any
one of 1024 §4-hyta wide memory
sectors can be selacted a8 HERDT s
Incation In memary. The mogt
convenient address is 65535, right at
the top of the memery spaca,
correaponding to all DILlswhchas opan

tia. all address bits high|
‘Whataver addrass Ia selected.
IC s cutput at pin 13 wil go high
only when the top ten address bits
corraspond to the cods set up on the
o PatarE switches. When thera is a match, and
" vuhan both the W and FIFEG lines are
low, data latch IC2 will ba anabled
and tha bit-pattarn an the computar's
" Figure 2. The circuit of the ZX81 Interfnce Board. Rasistors R2 — RO araporttalned 9318 haze wil ?:pﬂ:p’gﬁ;;r this
-In - ines. 2
) .In & nine-pin $IL {Single-In -Line) padnul ) he data will remain latched in IC2
S i hem urttif & new WRite insruction 1a
- HEBOT is issued by the computer.

ELANE ETR
SPEARER N

Simillarly, I3, which i an aight-
. o bit buffer IC. will transfar data to the
571 . camputar when bath FBand WRED are
k S ~, law and when there is an addrass
@ cBel @ match from 1C1.

ARTAIWI :
i Jwoi Construction

Start by assambling the HEBOT PCB

iFigura 3I; the anly points ta watch

hare are that the micraswitches are

Fittad square and firmly mountad, and

that the JCs are fittad the right way

around. To help, tha makers hevs put
an index mark on the package st the
I pin 1 and and, in cage you miss that,
| thay heva also cut the cornar off the
cooling fin! Next, wire in the 16-way
ribbon cable which connacta HEBDT
1o the interface band. The remaining
componenta can then be fitted and the
PCA compieted.

Now for the collision detector
—sea Figure 4, First ingart the central
mounting scraw, which will gvantuely
hold the shel! in place. Nexi assembla
the mounting plats machanism and
scraw it loosely to the PCB; tha smail
ball-bagring must be slipped under the
maunting plete, whare it will ba hatd
batween the depression in ths PCB
and the bottemn of the central moun-
ﬁrg(screw — this ia probiably the
trickiest part of the entire assambly!
Now tighten down the four mounting

._ N strews, bul then unscrew them about
. iy hali & tum, to parmit tha plata 10 rock
B IERAE R alightly. Pragsing down an one side
Figura 3. Tha camponsnt overlay board for the HEBOT Contro) Boand; the LEDs should operate one or two af the

indicate the “forward™ direction. microswitches, end thay shoulkd



release when the prassure is removag
trom the plate. After this, you can fit
tha "spasker 10 the underside of the
PCB using the special clip, and wire it
in.

@ SECUR ING NUT

The next stega is 1o fit the motors

o tha side plates (see Figura 51 and to

attach thase to the besa plate. Mou

tha PCB to the side plates using st
\#—— PERSPEX DOME off spacers, and wivs up the mators;
tha LEDs and the spaaker are regarded
ay being the front of the robot. Sscure
the pen I the solanaid — Figura B —
and fit it 19 the base plate; fix the
wheels to the motor shafts with a
nylon washer between tha whasls and
the plates and then adjuat the pen so

STEEL PLATE

PIVOT BOLT parl

A complete kit of parts for HEBOT
I, consisting of tha componants
and hardware listed below, is
%:gilnhla fram Powertran

emetics — sce Buylinas for
METAL TLBE details. Tha companents for the In-
tertace Board lincluding the double-
sided PCB), the 23-way connactor
CIRCULAR PCB and the three-way AAM pack adap-

tor sra B available separetely —

so€ page 33.

L'C Board

RESISTORS

{all % watt 5% carbon, unlsss

statad]

R1,10 . L 4k7

RZ-8 - . Ak?
SIL packaga

R11-18 .. L.

CAPACITORS

Cl.... .. L. .- GBO)
ceramic disc

CZ..... ... ce......47n
ceramic disc

= - -Tu 16y

" tentaium besd
C4 ..o .. 10ul6Y
tentatum bead
SEMIGONDUCTORS
Ic1 . B

SOLENDID L 741504
hax inverter

BASEPLATE MISCELLANEQUS
SWI1-10 ... - DiL gwitch
10 way rocker type
METAL FoOT FCB; cabia clip; 14 pin (2 offl, 20
pin [2 off}, 24 pin DL sockets; 23
+ 23 way edge connector, polanis-
ing key tposn 31, PCB mounting [2

BALLPGINT REFILL offl; 16 way ribhon cabla.
Main Board and Mechanics.
RESISTORS ‘.
ANl % watt 5% carban}
REL.BAOAT . ... oL Tak

Figure 5. Tha HEBOT machanical sssembly diagram.

.4



v
BALLPGLLT PEN ABRILL
TMETAL TVPE 1

Figure &, Mechanical detail of the
.salenaid. Note the cabls tis, which
holds tha pen in plxcs,

3t

POTENTHOMETERS
iAll miniature cerbon presets)
R¥V14 ... ... ......... k2

CAPACIT

[ L - . ..IN40OO2
. rectifier digda
LED1.2 ... ... ..., __TILZO
red 0.2* LED
20,2

3. .. BZYBACAVT
400mW zener diode

MISCELLANEOUS
LT solenoid
IEea text]
[ -3 speaker 3—!15R
TEe

PCB; micre-switch 14 offl; 8 pin

DIl socket; motor with integral

gear box — 2 aff; aluminium sheet;

whesls; toss; sprints; steel baf-

baaring; clasr plastic shall; nuts;
Its; wire; solder sto.

ad . Bl e e e B eran e 1087

METAL TUBE

STEEL BALL
BEARING

NUT
/ PLRIN WASHER

SPAING WASHER

MICRO SWITCH

POZIRRIVE SCREW

HEADED BOLT

Figur 4. How 1o msaemble ths cofiision detactor mechanism.

TOP, SIDE
SDE  BOTTO!

A11I8 -
IRESISTORS
MOLINT
VERTILALLY Y

o p o m

L
— AOM T8
————
— -
1 — - -
- E a5
o - 2
- s
o W oan
B ] B aw
- an
WREd  an

- ani
- an
- - A%

HY QY

EXTERNAL FOVIER
TNBUIT FOR HEBOT

Figure 7. The camponent layout of the Interface Board. Nota thut both sides

of the doublesided PCB are shown,

that, when it iz fuly down, it.is abaut
2mm helow tha level of the tyres. To
prevent the spring from ejecting the
pen when the solenoid is deactivated,
fit a cable tis around the pen, balow .
the solenoid. Lasty, wira up the
solenoid, soraw on the “toss” al the
front and back of tha base piate, at-
tach the shell — and HEBAT is ready
to rolll One ward of caution however,
iry not to pick it Up by the base of the
ahell, as this will release the ball-
bearing from its mounting. It remaing
trepped by the micraswitches and the
plate balts, but the colfision detectian
will not operate unlass the bearing is
in the comect position.

The Interface

The interface board has beer: specially
designed for use with HEBGOT and
should present na difficulties in
apsembly — just make sure ihat the
ribboh cable wires go te the comect
placas! As mentioned earlier, any /0
capable of controlling sight

hit outpunt data and accepting at
Jeast four bits of input can be used to
control the robat; the ZX IfQ board
which appeared in tha September
issue of Hobby Electronics, for exam-
ple, would be adequate. In any case
make Sure you kngw the robot’s ad-
drese. On the HEBOT /O board, this is

156
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set up on the ten-bank DiL switch, as

Tha mast conveniant #d-
<rass is right at the tap of memory —

a Real: instruction to HEBOT will ctash
with the £X81's unbuffared memory,
hawever ne problems hava bean ax-
perfenced using this high address, as
the interface board gverrides the un.
buffered memory.

If the ZX81 is ta ba used with a
RAM pack, then an address baiwesn
8192 and 16383 should be used and
the ‘echo’ of the computers ROM
shauld ba disahled by pulling FORES
high with a diode fram IC4 pin 8, 10
that line. This connecter will be includ-
ed on PCBs supplied in Powartran Kits.
To fit tha RAM Pack as well B3 the In-
terface boerd, @ 2-way adaptor is re-.
quired and is available from Power-
tran. With this, tha RAM Peck lies on
top of the computer,

Plug the 10 board into your ZX81
computer and power on. HEBOT will
iprobebly) immediataly begin to move
in the direction of the nearsst exit ar
tabla‘top, due to sgma random bit-
pattarn on the control lines! CQuickly
send the fallowing command:
B5535,0. This will stop the robat in

Now turn each motor drive preset
fully clockwisa: then, using a
vakmetar, tuen each preset back till
tha veltage has dropped by 1¥; this
will aliow the supply voltage 1o fall by
up to this amount without affeating
the rabot’s spaed.

Next, POKE 66535,5 and HEI
will move forward; RV2 and RY2
must be adlusted 1o enaura that it
travels in a straight ine (maks sure the
rubber whesls are on straight befora
you do this), Now POKE 65535, TO 1o
move it n revarse, and adjust RV1.4
10 match the raverse speed to the for-

Tn tes1 the remaining functions,
POKE 85535,18; HEBOT should step
with tha LEDs glowing balefully red;
POKE 65535,32 should drop the pen,
5635,0 should ratract it
again. POKE B6538,64 will sound the
horn in the kawer fraguency, while
sending 1%2 should increase the

To test the collision detectors,
write a shert routine to repsetadly
PEEK 55535 and look for 1, 2, 4, and
8 fram the respactive sansars.

Twao Programs

To really give your new pet a workout,
try the two simple programs fisted in
Tablas 3 and 4 — hut please
remamber that these are prasanted on-
Iy as starting points for furthar
devslopmant. Come alpng to Bread-
board '52 and show ue what your

T can do ~ or send in your pro-
gram on casestte. Tha best routines
will be presanted in future issues u.
iration te all HEBQAT trainers,
Watch out, Barbara Woodhousal

Table 4.

10 AEM "RECORD MOVES" : eammants

20 LET A = £5535

20 DM Zis) I det U mave arkay

40 DIM T{5) § ST Up Move Time array

50 FORD=1TO S i move counter

0 FOR N = 1 TO 100 + move timar

70 IF INKEY$ <> “ ** THEN GOTC 100 ;jump if move

80 PAUSE 10 : move time increment

0 NEXT N

100 IF INKEY$ = *5” THEN LET M = 0 ;stop

1m0 IF INKEY$ = “F" THEN LET M = 5 : forward

120 IF ANKEYS = “B” THEN LET M = 10 ; ‘back’ (raverse)

130 IF INKEY$ = “L~ THEN LET M = 8 Hiq

140 IF INKEY$ = "R” THEN LET M = 6  ;right

150 POKE A, M : move

180 LET Z(D) = M : ftore move

170 LET TiD] = N ; ttors mova tima

180 NEXT D i naxt move -
190 PAUSE 20 Testing
200 REM “PLAYBACK"

210 FORD=1TO S ;361 Up MOYa countar

ro] LEY M = Zi{D| ; recall first move

230 LET W = TIDI+1 ; fiast mowa time pericd

230 FOKE A, M : playback the move

250 FOR N = 1 TO 100 ; sat up mova timar

280 PAUSE 10 3 Mowe time incrment ;
270 IF N = w THEN GOTO ; ut and of mova pariod fts tracks.
280 NEXT N

20 NEXT D

<] PFOKE A, 0 :nop

310 STOP

Tahle 3.

10 AEM “'HEBOT'S MOVE" ; comments in thia column

20 FAST

0 LET A = §6636 : Hehat's address

40 LET X =& ; chear callision flag

50 LETM =6 ; movemeant enmmmd

0 POKE A M ; move

70 GOSUB 2%0  short pauss to mave werg e
20 . PFOKE A,M+16 . ; P lights

0 GOSUB 760

100 LET K = PEEK A

M0 5F K <> 0 THEN GOTO 150  collision! and POXE®
Cne IF X = 1 THEN GOTQ 180 > previous collision

130 IF INKEY$ = “8" THEN GOTO 200  ; emergancy stop

140 GOTO 68 ; continua forward pitch.
160 IF K > & THEN GOTO 200 ; roar-cnd colliaion

160 LET M = 10+ 84 s maverss and sownd horn

170 LET X = 2t collision flag

180 GOTO &0 J Mavd i Nevarss

100 LET X = D ; claar collision flag

200 LET M - 8 stum beft

In POKE A,M

il GOSUB 240 ; fong pausa

230 GOTO B0 ;continus forward

240 PAUSE 50 + varlabhe length puusss

250 PAUSE 30

260 PAUSE 10

270 POKE 16437, 265

280 RETURN

80 POKE A D samergency stop

300 STOP



