


B Project

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

r"!' l"'-l"'i mﬂﬂﬁll‘lﬂ Jflnhnl Il'ﬁ-l'
o T Hp B g

““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
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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

Nl LIRS Ill

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-
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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
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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
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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.
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