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THE IDFA of a mechanical man, or
“robot’’, is an ancient one, dating
back to the time of the Egyptian
Pharaohs. The word itself was ceoined
by the writer Karel Kapek; it comes
from the word robo?a in his native
oA
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““worker’'. Kapek's fictional invention
undoubtedly owed a debt to the
tegend of the Golem, a walking figure
formed from the clay of the earth by
nccult powers; the stury nf
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English gentlewaman, is also derived
from the legends of Bohemia and
Transylvannia and offers another point
of departure for the invention of the
robot. Perbhaps these shadowy origins
account for some, at ieasi, of ihe Tear
and loathing with which the robot is
sometimes regarded|

This was not always so; in the
past, clockwork mechanisms delighted
the crowds at fairs and carnivals,
while more elaborate toys and models
ware built for the pleasure of the well-
- to-do.
- Apart from these, however, the
robot has been a tetal figment of
science fiction, particutarly in the
works of Issac Asimov, who created
a virtual science of Robotics in his

many novels on the theme. Another
writer, whose fictional approach came
closer to the modern realisation of the
robot, was Robert Heinlein. His
““Waldoes’’ were giant mantpulators
with the strength of an hydraulic
foraa, linked to special contrals in the
form of arm-length gauntlets; the
Waldo mechanisms simply duplicated
the movemnents of the operator,
transmitted via the gauntlets.

Like mast good science fiction,
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were soundly hased on real science,
At about the time the authors were
formulating their ideas, Norbert Weiner
was defining the science of

vaernetics as “The field of control
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machine or in the animal’’, and the
British mathemnetician Turing was
laying down the standards for
assessing artificial intelligence, ie
computer or robot intelligence. Than,
too, a man named Thomas Ross buiii
the first “‘robot mouse’’, the prototype
of all maze-solving turtle-type robots.
Al this took place in the 1930s,
but subseguently robotics developed
at a very slow pace until the late 70s,
when useful industrial robots becams
a practical proposition. In the past ten

How It Works

vears, of course, rocbots have become
an exceedingly hot topic in the
national press, to the point where they
are proclaimed the keystone of the
Second Industrial Revolution and
Britain's sconomic revival.

It was at the start of the revival
of interest in robotics that HEBOT,
Hobby Electronics’ first robot,
appeared. The ‘‘Amiable Automaton”
was, by today’'s standards, a simple

device, entirely controlled by the on-
hoard "hardware’. In fact HERQT
represented no graat operational
improvement on Ross’ original micro-
mouse, though of course the contro!
system was both simpler and more

versatile due 1o the use of integrated
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Ross in 1938l

Son of HEBOT
Three years on and HEBOT Il, while in

Many ways a vaiy similar o&asiis, is
considerably improved both in its
control system and in opseration,
because it is designed to be used in
conjunction with a microcomputer,
Specifically, it is designed to ba run by
a ZX81, but the controi sysiem is
quite simple and any microcamputer

HERODT Il iz controlled by ainht data
lines derived from the ZX81 com-
puter’'s data bus via an interface
board. )

Bits O and 1 control the right
motor drive circuits. When bit O is
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drive in the forward direction; when
the bit pattern is reversed IDD low,
D1 high), the motor drives in
reverse. When both bits are low OR
both are hlgh the motor is stnpped
IF‘IE lETI moior Ih LUHHUIIHU u!,r Ull.-b .:.

turning on, or off, different combina-

tions of bits 0-4, HEBOT can ex-

scute quite a variety of movements,
The LEDs on the robot are swit-
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and 3, in identical fashion, so that by
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ched on when hit 4 goes high, and
bit 5 turns on the soienoid, forcing
down the centrally-mounted pen.
Finally, bits 6 and 7 control HEBOT's
horn: a low tone sounds when bit &

is high, increasing in pitch when bit
-J' in talkan hlnh
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The actmn ﬂf the contral bits,
aspecially movement controls, is
summarised in Table 1.

Four microswitches are mounted
on the robnt s PCB, machanically
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operate as collision detectors. Thay
are directly linked to four output data
lines, DO'-D3’, and thence to the
computer data bus via the interface
board.

The interface board itself con-
sists of four circuit blocks; the ad-
dress decoder operates on the top
ten address lines to produce an out-
put only for a certain bit-pattern, cor-
responding to a particular address —
the addrass of HEBOT Il. The control
citcuitry determines, in conjunction
with tha output from the address
decoder, whather the computer is
writing data to HEBOT or reading
data from it. The output latch ac-

mrante Aaota -Frnrn tha ~omnutar at
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specific times and storses it until the
next time data is sant to the
machine. The input buffer transmits
data from the robot whan the com-
puter is ready tc accapt it.

Block diagram of the total control system for HEBOT Il

The Interface Board plugs into a ZX81 computer and is
connected to the HEBOT by a length of 16-way ribbon cable.
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Project B
Table 1. HEBUT ii data input bus. capable of input/output operations,
' whether via a dedicated /O port or via
an expansion port {as used by the ZX)
RM1 = Right motor forward L = Lights on can be used to control the machine. A
RM2 = H|ght motor reverse P = Pen down men%::;(rg—rapped tII'I'[E.I'fECE bD?f'ﬂ for
¢ computer is presentad as
LM1 = Left motor forward H = Horn on nart of this p!‘ﬂ?ef:t, a,n.r.l!j further issues
LM2 = Left motor reverse T = High tone of Hobby Electronics will explore the
possibilities of other interface boards
D7 1 D6 | DS | D4 [ D3 | D2 | D1__|DO_ | DATA BITS and  computers. We Wﬂ”f Wﬂfgﬂmﬁ;
readers’ submissions on this subyect
T H p L LM2 | LM1 | RM2 | RM1 | HEBOT CONTROL| _ gg) 4
128 RA 192 168 o 4 2 1 DECIMAL VALUE The significance -of computer
controd is that, whereas the uprigir}al
HEBOT had only a small ‘library” ©
Lvt2 LM’I RM2 | RM1 | DECIMAL | LM |RM | MOVEMENT hard-wired routines. HEBOT Il has
0 0 0 0 0 off [off |stop almost unlimited capabilities within the
C 0 0 1 1 off |fwd | turn left about left side restraints of available memory and
~ ~ - = - _xx s la o i bem b b da A computer speed.
u W I Lt £ i rev LUTTT TIYnil apuy iRy g
0 ¢ 1 1 3 off |off |stop Programming In The Real
0 1 0 0 4 fwd | off | turn right about right side World
0 1 o 1 B twd | fwd | forward
0 1 1 0 6 de roy furn right about centre Not Gnl‘y does the use of Gﬂmputer-
0 1 L L 7 fwd | off |turn right about right side G?rll_}:rEtgg{_ﬂﬁtiI]? im:;]rease trt]'n_e :qpatl:rijlities
p - - o] ut the machine itse
1 Q 0 0 8 rev |off |turn left about right side takes programming out of the two
1 0 0 1 9 rev|fwd |turn left about centre dimensional world of the VDU into the
1 0 1 0 10 rev |rev |backward real, three-dimensional world. |t can
1 8 1 1 11 ras nff turn laft ahnut rinht cirla perform a bEWildEfil’lg I"ILImbE_r of
: e " . — o — Bhout right sioe moves under pragram control —
1 1 0 0 12 off joff |stop forward, backward, left and right —
1 1 0 1 13 off | fwd [turn left about left side with Eﬂcz v;hael indapendhanﬂ? ooed
. controlled. Programs can be develope
1 1 1 0 14 | off |rav |turn right about left side <o that HEBOT can sense its
1 1 1 1 15 off |off |[stop environment via the obstacle sensing

switches coupied to its ‘sheii’,
allowing the most devious ""aviocdance

Table 1 {above) shows the data control lines to HEBOT |l. Data bits DO — D3 routines’’ to be devised to solve a

control the diraction of movement, and various bit-patterns permit a great maze or map the shape of a room. It
variety of movements, particularly in turning motions. The remaining bits, can even report directly on its
D4 — D7, control the Iights {LED;] the horn and its pitch, and the position environment, via the blinking LEDs and
of ihe sofencid (up or down}, In practice, NEBCT s contiolisd by POREINRG ine two ione horn,and gne gf ine
the decimal value corresponding to the required action or combination of most interesting possibilities is the use
actions; eg, POKE {address), 5+64 commands forward movement, with the of the built-in pen, which can be
horn sounding. See Tables 3 and 4 for further examples. forced down onto a sheet of paper or
Table 2 {befow) shows the sensor data from HEBOT, PEEKing the artboard. to draw graphs or outline
robot’s address will return a decimal value cotresponding to a specific sketches. i
sensor, if a single-point coltision has occurred. A ‘touch’ activating two sensors later. ' ;;”'I:‘L'I'E"::"r";;;;g';,'é:_f_l;ndw;”
will return a decimal value corrasponding to the combination of sensors. potential of this machine. Both
routines are given as “starting points’,
Table 2. HEBOT Il data output bus. because thevg are very, very gasuz this
will quickly became obvious and at
i thic e e i + I-I!'- 1n'F+ L8] '|'I'I.I:I r.nn.-'.nr 'l'n
D7 D6’ D5 D4’ D3 D2’ D1’ DC’ deveTnp more useful routines!
— — — — Back Front Right Left !f-lnwever, HEBOQT Ii wil{jbe fully
. . unctioning on improved programs at
Touch Touch Touch Touch this year'ngreathard Exhibﬁiun, at
the Royal Horticultural Society’s New
TOUCH SENSORS SINARY DECIMAL Hall, Graycoat Straet, Westminster,
London SW1, so come along and see
ACTIVATED it for yourself!
_ The first program s a simple
None 00000000 0 ‘'walk and avoid’ routine; when it is
Lef [ 00000001 1 LOADed and RUN, HEBC_‘.'T Il will
ot only - ‘‘nroceed in a forward direction’’
teft and front 00000101 5 {m'lud}, flashirig s ‘eyes’ until it
Left and back 00001001 g encounters an cbstacle. Then it will
] 00006010 2 back off, sounding a note, turn left
Right only and continue forward until the next
Right and front 00000110 6 obstacle is encountered.
Right and back annn1010 10 I The second rnutinﬁ‘ isha t_:l?sii-.lz
‘ “learning’” program which will allow
Front only 00000100 4 up to fivge movement commands 1o be
Back only 00001000 8 stored and repeated indefinitely. This

program could form the basis of a
rautine for drawing patterns or graphs ’
on a large piece of paper or board,
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MOTES:
IC1,2 ARE LMZ877
D1-4 ARE OA47

201,2 ARE BZY88CZV7
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Figure 1. Circuits of the HEBOT II
Control Board: {top) both motor control
circuits — they are identical except that
each is controlled by two different data
bits and each has a separate +2V7 bias
voltage; (middle left) tha circuit of the
tone genarator {horn) is based on a
single 555 1C. Bit D6 turns

it on by connecting pin 1 to ground via
(middle right) the solenoid control, Bit
D5 turns on Q1 and Q2, activating
solenoid L.1; {bottom left) the LED
flasher circuit : (bottom right) the
collision detectors are simply
microswitches connected accross a
+4V7 Zenor diode. The diagram shows
all four switches closad — ja, a collision
on all sidas|

using the pen control. The scope of
this routina is severely limited by
available memory — five commands
are the most that can be squeezed
into what's left of the 1k of a basic

FTwiodl
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HEBOT —
The Circuit
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HEBOT contains all the circuitry for
the motor drives, the LED drivers and
the tone generator, plus the collision
detectors — which are simply
microswitches mechanicatly coupled
to the chell, All circuits are shown In
Figure 1.

Each motor is driven by a pair of
high gain operational amgplifiers
contained in a single package. The ICs
chosen for the design are LM287 75,
dural four watt devices with internal
current limiting, short circuit and
thermal shutdown protection. The
amplifiers are internally compensated
to maintain stability for gains greater
than ten however, because a gain of
about three is all that is required, input

12

shunt resistars are used to provide
stability with the gain at this level.
The drive circuits are identical for
each motor. Considering IC2a, the
gain is set by R10, R12; R11, which

i e metoee] asaracs thea i ke lirmmite
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the gain at high frequencies to give
improved stability.

The valtage on the non-invertiing
input, pin 4, is set precisely at 2V7 by
R18 and the Zener diode, ZD2. This
stahiliced voltage is alan fed to the
inverting input at pin 5, via the trim-
pot RV 3, and when data input B1 is
low (OV), this voltage is amplified to
about 6-7V by the op-amp and applied
to the motor, if, at the same time, the
DO inaut is taken high, nin 7 of [C2b
is taken above the voltage set by
R\V4, to about + BV, and the output at
pin 10 goes hard towards QV (actuaily
about 1V6), allowing the motor to
drive.

Similarly. if D1 is taken high and
DO low, pin 10 of IC2Eb goes to about
8V and pin 2 of IC2a goes to nearly
OV — and the motor drives in the
opposite direction. However, if both
data inputs are the same (both high or
both low), then the op-amp outputs

wiil be the same and the motor will
not turn.

Thus these simple op-amp circuits
convert logic levels into reversible and
independentiy asjustable voltages;
furthar, since the motor drive voltages
are derived from a Zener stabilised
supply, they will remain independent
of variations in the supply line voltage.
The RC networks on the outputs of
the op-amps are ‘Zobel networks’, to
further ensure high frequency stability.

The remaining circuits are very
simple; data bit four (D4) turns on Q3
when high, thus turning on LEDs 1
and 2. The solenoid is contralled by
D5; Q2 is a high current transistor
which receives its basic drive from Q1
when D5 is high. The two-tone horn
consists of a 555 IC operating as an
astable and driving a ioudspeaker,
Transistor Q5 will switch on whenever
D6 is high, thus connecting pin 1 to
ground allowing it to oscillate at about
500 Hz; the frequency is increased to
1000 Hz by taking D7 high under
program control.

On the output side, the
microswitches simply switch from OV
to +4V7 whenever a collision occurs.

Hobby Electronics, Novembar 1982
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Figure 2. Tha circuit of the ZX81 Interface Board. Resistors R2 — RO are contained
in a nine-pin SIL {Single-In -Line} package.
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ntarfaca Circuit
This circuit (Figure 2} enables HEBOT
li to be treated as a memory-mapped
/O device; in other words, data can
be gent to and received from the robot
as if it were another memary location
in RAM or ROM. 1t usas the
computer’s address and data busses,
together with the control linas WR
(active low WRite command}, AD
(ReaD) and MBEG {(Memory RECQuest).

As briefly axplained in How it
Works, the interface board consists of
four circuit elements. The address
decoder is a comparator, 101, which
comparas the top ten addrass lines
with a ten-bit code set up on the ten-
bank DIL switch and resistor network.
Thus by seiling these switcnes, any
one of 1024 64-byte wide memory
sectors can be selected as HEBOT's
location in memory, The most
convenient address is 65535, right at
the top of the memary space,
corrasponding o all DiL switches opsn
(ie, all address bits high).

Whatever address is selected,
IC1’s output at pin 13 will go high
only when the top ten address bits
correspond to the code set up on the

switchaes. When thers is @ match, and
when both the WR and MREQ linas are
low, data latch IC2 will be enabled
and the bit-pattern on tha computer’'s
data base will ba tranferrad to

HEBOT s data input lines, After this,
tho data will remain latched in 1C2
until a new WRite instruction to
HEBOT is issued by the computer.
Simillarly, IC3, which is an sight-
bit buffer IC, will transfer data to the
computer when both RD and MREQ are
low and when thara is an arddrass

match from IC1.

Construction

Start by assembling the HEBOT PCB
{Fiaure 3); the only points to watch
here are that tha microswitches are
fitted square and firmly mounted, and
that the ICs are fitted the right way
around. To help, the makers have put
an index mark on the package at the
pin 1 end and, in case you miss that,
they have also cut the corner off the
cooling fin! Next, wire in the 168-way
ribbon cable which connects HEBOT
to the interface band. The remaining
components can then be fitted and the
PCB compieted.

Now for the collision detector
— sae Figure 4. First insert the central
mounting screw, which will eventually
hold the shell in place. Next assemble
the mounting plate mechanism and
screw it loosely to the PCE; the small
ball-bearing must be siipped under the
mounting plate, where it will be held
between the depression in the PCB
and the bottom of the central moun-
ting screw — this is probably the
trickiest part of the entire assembly!
Now tighten down the four mouning
screws, but then unscrew them about
half a turn, to permit the plate to rock
slightly. Pressing down on one side
should operate one or two of the
microswitches, and they should

13
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Figure 5. The HEBOT mechanical assembly diagram.
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from the plate. After this, you can fit
the ‘speaker to the underside of the
PCB using the special clip, and wire it
in.

The next stage is to fit the motors
to the side plates {see Figura 5} and to
attach these to the base plate. Mount
the PCB to the side plates using stand-
off spacers, and wire up the motors;
the LEDs and the speaker are regarded
as being tha front of the robot. Sacure
the pen in the solenoid — Figure 6 —
and fit it to the base plate; fix the
wheels to the motor shafts with a
nylon washer between the wheels and
the plates and then adjust the pen so

Parts

A complete kit of parts for HEBOT
ii, consisting of ihe componenis
and hardware listed below, is
available from Powartiran
Cybearnetics — sea Buylines for
details. The components for the In-
terface Board {including the double-
sided PCB), the 23-way conhector
and the three-way RAM pack adap-
tor are all available separately -—

see page 33.
30 Board
RESISTORS
(all % watt B% carbon, uniess
stated)
R110 .. ... ... ... ..., Ak7
R2-8 ... ........ LAk7
SIL package
R11-18 ... ... ... . .c.....
CAPACITORS
e 6BOp
caramic digc
C2 . . e 47n
ceramic disc
C3 ... Tu 16V
tantaium bead
Cd4 ............ ... 10u 16V
tantaium bead
SEMICONDUCTORS
IC1............... DM8130
10-bit address decoder
W2 74L5373
actal latch
IC3 .. ... ... 74L5244
tri-state octal buffer
icC4 ....... .. ...... 741811
triple 3-input AND
iCH ... 74L504

hex invarter

MISCELLANEOQUS
SW1-10 .. ... ... .. DIL switch
10 way rocker type

PCB; cable clip; 14 pin {2 off], 20
pin (2 offl, 24 pin DIL sockets; 23
+ 23 way edge connector, polaris-
ing key (posn 3), PCB mounting {2

alt-lh 18 wilubw = ninlo
III, 1Lr H"I'E!'f Tl L.

Main Board and Meachanics

RESISTORS
LAl Y watt 5% carbon)
R1.8.10.37 ... ... ...... 16k

Hobby Electronica., Novembar 1982
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B | SOLENCHD
C A T Lﬁ aASE PLATE
e CABLE TIE

Figure 6. Mechanical detail of the

solanoid. Note the cable tie, which

holds the pan in place.

rR2,7,11,16 ............ dk7
R3& 1216 . ...... 47k
R4,5,13,14 . ... . ....... 3R3
R9,18.21,22 . ......... 470R
R19.20,24.26 .. ........ 22k
R23 .............. (see text)
RZ25 .. ... . .. hk6
B2 7 e e 27K
Rz28 ... ... .. ... ........ Zk2
POTENTIOMETERS

{All miniature carbon presets)

RV i-d4 . ... . e ZKZ
CAPACITORS
{All polyester C280)
5 T 100n
SEMICONDUCTORS
iIC1,2 ............. LM2877
dual 4 watt power amp
C3 ......... . .. . ... NEBES
Hinmor
Q1,3.4 .... ... .. ..., BC182
silicon NPN transistor
Q2. . . e BFR39
silicon NPN fransistor
Q5 . ... ... ... .. ... PMPSAT2
siiicon NFN transisior
D1-D4. ... ... e DA47
signal diode
D5 . ... . e INADO 2
- rectifier diode
LED1.2 ... .. ... ... ... TIL2O
red 0.2"% LED
ZD1,2 . ... .. .... BZY88C2V7
400mW zener diocde
ZD3. . .. BZYS88C4V7
4Q00mW zener diode
MISCELLANEQUS
L1 ... ... solenord
(see text)
Lst1........... speaker 8-356R
R

PCB; micro-switch (4 off); 8 pin
DIL socket; motor with integral
gear box — 2 off; aluminium sheet;
wheasls; toes; sprints; steel ball-
bearing; clear plastic shell; nuts;
bolts; wire; solder etc.

BUYLINES
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Figure 4. How to assembla the collision detector mechanism.
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that, when it is fully down, it is about
2mm below the level of the tyres. To
prevent the spring from ejecting the
pen when the solenoid is deactivated,
fit a cable tie arcund the pen, below
the soienovid. Lastly, wire up tne
splenaid, screw on the ‘toes’ at the
front and back of the base plate, at-
tach the shell — and HEBOT is ready
to roll! One word of caution however,
try not to pick it up by the base of the
shell, as this will release the ball-
bearing from its mounting. It remains
trapped by the microswitches and the
plate bolts, but the collision detection
will not operate unless the bearing is

iﬂ 'l'h.n corract pnl::lflﬁr‘l

The Interface

The interface board has been specially

designad for use with HEBOT and
should present no difficulties in

EEEElnblr . i'ugt :-nakn Sl +|'\.:|+ fhn

ribbon cable wires go 1o the correct

places! As mentioned earlier, any /0

system capable of contralling eight
bits of output data and accepting at

least four bits of input can be used to

control the rabot: the ZX /0 board
which appeared in the September

issue of Hobby Electronics, for exam-

ple, would be adequate. In any case
make sure you know the robot’s ad-

dress. On the HEBOT 1/Q board. this is

1b

)
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Table 4.
10 REM “RECORD MOVES" ' comments
20 LET A = 65535
30 DIM Z(5) ;- set up move array
40 DIM TI(5} : set up move time array
DU FrCRD=377C6& » mova countar
60 FOR N =1 TO 100 rmove timer
70 IF INKEYS <> * “ THEN GOTO 100 ;jump if move
80 PAUSE 10 rmove time increment
90 NEXT N
100 IF INKEYS = “8" THEN LET M =0 : stop
110 IF INKEY$ = “F” THEN LET M = 5  forward
120 IF INKEYS = “B” THEN LET M = 10 ; ‘back’ {reverse)
130 {F INKEY¥$ = “L” THEN LET M = 9 ; left
140 IF INKEYS = “R” THEN LET M = 6 ; right
150 POKE A, M ; move
160 LET Z{D) = M : stora move
170 LET T{D} = N : store move time
180 NEXT D ; next move
190 PAUSE 20
200 REM "“PLAYBACK"
210 FOR D =770 35 : eat un maoua countar
220 LET M = 2{D} : rocall first move
230 LET W = T(D}+ 1 * first move time period
240 POKE A M : playback the move
250 FOR N =1 TO 100 : set up move timer
260 PAUSE 10 : move time incremant
270 IF N =W THEN GOTO 290 - at end of move period
280 NEXT N
290 NEXT D
300 POKE A, 0 ; stap
310 STOP
Table 3.
10 REM “HEBOT'S MOVE"™ + gcomments in this column
20 FAST
30 LET A = 65535 : Hehot's address
40 LET X =0 - ¢lear collision flag
50 LETM =5 : moveament command
60 POKE A, M ; move
70 GOSUB 260 : short pause to move
80 POKE A, M+16 : flash lights
90 GOSUJUB Z6U
100 LET K = PEEK A
110 IF K <> 0 THEN GOTO 150 ; collision!
120 IF X = 1 THEN GOTO 190 : previous collision
130 IF INKEYS = “S” THEN GOTO 290 ; emsrgency stop
140 eOTO &0 : eantinue forward
150 IF K > &6 THEN GOTO 200 : rear-gnd collision
160 LET M = 10+ 64 : reverse and sound horn
1740 LET X = : sat collision flag
180 GOTO 60 ' move in reverse
190 LET X =0 r clear collision flag
200 LET M =8 ;turn left
210 POKE A M
220 GOSUB 240 : long pause
230 GOTO 50 : continue forward
240 PAUSE 50 ryariable length pauses
250 PAUSE 30
260 PAUSE 10
270 POKE 16437, 255
280 RETURN
290 "POKE A, 0 : gmergency stop
300 STOD

16

set up an the ten-bank DIL switch, as
explained. The most convenient ad-
dress is right at the top of memaory -
a RealD instruction to HEBDT will clash
with the ZX81 s unbuffered memory,
however no problems have been ex-
perienced using this high address, as
the interface hoard nvearrides the un-
buffered memory.

if the ZX81 is to be used with a
RAM pack, then an address between
8192 and 16383 should be used and
the ‘echo’ of the computers ROM
should be disabled by pulling ROMCS
high with a diode from IC4 pin 8, to
that line. This connector will be includ-
ed on PCBs supplied in Powertran kits,
To fit the RAM Pack as well as the In-
terface board, a 3-way adaptor is re-
quired and is available from Powaer-
tran, With this, the RAM Pack lies on
top of the computer.

Testing

Plug the /O board into your ZX81
computer and oower on, HEBOT will
[pmbablw immediately begin to move
in the direction of the nearest exit or
table‘top, due to some random bit-
pattern on the control lines! Quickiy
send the following command: POKE
655635,0. This will stop the robot in
its tracks.

Now turn each motar drive preset
fully clockwise; then, using a
voltmeter, turn each preset back till
the voltage has dropped by 1V; this
will allow the supply voltage to fall by
up to this amount without affecting
the robot’s speed.

Next, POKE 65535,5 and HEBOT
will move forward; RV2 and RV3
must be adjusted to ensure that it
travels in a straight line (make sure the
rubber wheels are on straight bafure
you do this), Now PORKE 65535,10 10
move it in reverse, and adjust RV 1.4
to match the reverse speed to th& for-
ward speed.

To test the remaining functions,
POKE 65535,16; HEBOT should stop
with tha LEDs alowing baiefully red:
POKE 65535,32 should drop the pen,
and POKE 65535,0 should retract it
again. POKE 65535,64 will sound the
horn in the lower frequency, while
sending 192 should increase the
pitch.

To test the coiiision deiectors,
write a short routine to repeatadly
PEEK 65535 and look for 1, 2, 4, and
8 from the respective sensors.

Two Programs

To really give your new pet a workout,
try the two simple programs listed in
Tables 3 and 4 — but please
remember that these are presented on-
ly as starting peints for further
development. Come along to Bread-
board ‘82 and show us what your
HEBOT can do — or send in your pro-
gram on cassette. The best routines
will be presented in future issues as an
inspiration to all HEBOT trainers.

Watch out, Barbara Woodhouse!l
LA
s

Hobby Electronles, November 18982
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Figure 3. The component overlay board for the HEBOT Control Board; the LEDs
indicate the ““forward” direction.
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