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Constructional Project

BIG-EARS

BUGGY

THOMAS SCARBOROUGH

Clap your hands, “hear” comes Big-Ears!
Our sound-activated mobile “pet” (buggy)

will give hours of fun.

OUND travels in waves as it moves
Sthrough the air at a speed of roughly

one-third of a kilometre per second.
Sound also has direction, so that a sound
wave will strike one ear one three-thou-
sandth of a second before it strikes the
other — assuming, that is, that one is stand-
ing sideways to the sound source.

By electronic standards, this is very
slow. Considering that many op.amps will
detect differences of just millionths of a
second, a simple electronic circuit will eas-
ily pick this up. Even if two electronic
“ears” are mounted relatively close to each
other (say two or three centimetres apart),
a modern integrated circuit will readily
detect that a sound passed one “ear” before
the other.

The circuit described here takes advan-
tage of these basic characteristics of sound,
triggering a switch when one “ear” hears a
sound before the other — and vice vers
This is specifically applied to the
mobile robot, which we have ¢
Big-Ears Buggy. This is
responding to sound from three d1
and of driving up to the source.

APPLICATIONS

Although the “Big-Ears” Buggy is the
application described here in detail, the
circuit is potentially very diverse in appli-
cation. Through the use of the two relays
provided (RLA and RLB), there are many
interesting possibilities — among them the
following:

Since it is a very human trait to be able
to respond to the direction of sound, the
circuit may be used to seemingly imbue
objects with human characteristics. For
instance, two small motors wired to a pul-
ley arrangement behind a painting of
Great-Grandad would make his eyes move
in your direction when you speak.
Similarly, an advertising board could move
to face talking shoppers, or a head could
turn in people’s direction.

It could be used as a novel audio “snap”
indicator, or as an audio “Who was first?”
indicator, finally settling any arguments as
to who spoke first!
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Fig.1. Basic block diagram for Big-Ears Buggy

t could also serve as an aid for the deaf,
giving a visual indication that a sound is
coming from a particular direction.

C/RCUIT DETAILS

The Big-Ears Buggy circuit itself is
remarkably simple in concept, and is
shown in block schematic form in Fig.1
and the full circuit diagram shown in Fig.2.
At the heart of the circuit are two mono-
stable timers. The first one to receive a
sound input disables the other (as well as
its own trigger input) so that only the relay
which is closest to the sound source is
activated.

Two inverting amplifiers, ICla and
IC1b, feed two non-inverting amplifiers
(IClc and IC1d), and two variable presets
(VRI1 and VR2) control gain. These pre-
amplifiers directly clock monostable
timers IC2a and IC2b. There are no cou-
pling capacitors at the outputs, and this
improves the ability of the preamplifiers to
clock monostable timers IC2a and IC2b
directly.

A TLO74CN quad preamplifier is cho-
sen here particularly for its fast slew rate —
the slew rate determining the voltage rate-
of-change as a function of time. A good
slew rate is important, since the circuit

supply voltage. This is in contrast with
many logic devices, which enter a state of
uncertainty between one-third and two-
thirds of supply voltage, and would be less
suitable here.

The maximum timing periods of I1C2a
and IC2b may be altered by swapping
capacitors C15 and C16 for higher or
lower values — higher values for longer
timing periods, and vice versa. The com-
ponent combinations of preset VR3, R20,
C15 and VR4, R21, C16 allows the time
periods, for which monostable timers 1C2a
and IC2b trigger, to be adjusted. A short
time delay is provided, via the combina-
tion of capacitor C12 and resistor R17, at
switch-on through reset pins 4 and 10, so
that switching on does not activate the
buggy.

Monostable timers IC2a and IC2b con-
trol the duration for which relays RLA and
RLB are activated on reception of a sound
signal. The on times of the monostable
timers may be set between about 0-02 and
1-1 seconds.

The timing periods are calculated as ¢ =
1-11 xCI5x (VR3+R20)and = 1-1 xC16
x (VR4 + R21). The outputs at pins 5 and 9
provide current for switching transistors
TR3 and TR4, and in turn the relays.
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Fig.2. Complete circuit diagram for Big-Ears Buggy. Note that the motors (not shown here) are powered by a separate battery (B2).
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Depending on the application for which
the circuit is used, presets VR3 and VR4
are adjusted to give the required on times
for the two relays — for example, to activate
a pulley, or to turn on the motors for Big-
Ears.

Depending on the motors used, and
whether these will be running indepen-
dently of one another or not (see cross-
head Mechanical Assembly), VR3 and
VR4 are adjusted accordingly. You might
wish to make Big-Ears take long,
trundling turns towards the sound source,
or, on the other hand, short sharp turns.
This hinges on the adjustment of mono-
stable timers IC2a and IC2b — and, of
course, on the speed of the motors, and
the way they are wired up.

The most distinctive aspect of the design
is the use of f.e.t.s TR1 and TR2. These
disable the trigger inputs of both mono-
stable timers when a sound wave is
received, which they do by taking these
inputs “high”. Resistors R15 and R16 form
potential dividers with the two f.e.t.s to
make such switching possible. This hap-
pens so quickly that a sound wave striking
one “ear” transducer will find the other
“ear” already “deaf” by the time it reaches
it. The circuit takes advantage here of the
speed of electrical conduction (very fast)
versus the speed of sound (slow).

INNOVATIONS

Transistors TR1 and TR2 are put to fur-
ther use. The gain of the preamplifiers is
relatively high. Due to audio feedback
from the motors it would ordinarily be
impossible to combine them with all but
the bluntest of amplifiers.

However, a simple device is used to
blank out the noise of the motors — in the
form of capacitor C11. This is charged
through diodes D1 and D2, and continues
to hold the trigger inputs of IC2a and IC2b
high through TR1 and TR2, until the
motors stop turning.

In effect, the buggy “pricks up its ears”
only when it has come to rest. If a motor
takes longer to stop, the value of capaci
C11 may be increased to offer a I

period of blanking.
Capacitors C13 and C14 caus ry
brief delay in the Big-Ears “h@aging”,"so

that both IC2a and IC2b are triggered*at the
same time (both motors turn) when a sound
comes from directly ahead or behind. Thus,
instead of responding only to two direc-
tions of sound, the buggy now responds to
three. Capacitors C13 and C14 may be
removed if a response to two directions
only is required. Resistors R18 and R19
may be increased to widen the arc of
frontal hearing, and vice versa.

The outputs of monostable timers IC2a
and IC2b are used to switch l.e.d.s D3 and
D4, as well as two reed relays (RLA and
RLB), which may be used to switch a wide
range of devices. These relays include inte-
gral diodes as protection against back-e.m.f.

Note that the specified reed relays have
a maximum switched current of 1A, and a
maximum switched power of 15W, up to
200V. Their operating voltage lies between
3-7V and 10V. Select other relays if higher
ratings are required.

The benefit of voltage regulator IC3 is
that the circuit may be used in conjunction
with devices which have different power
requirements. The regulator is set to just
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over 7V, so that the circuit may be used
with any d.c. supply between 9V and 37V.
The formula for calculating the output volt-
age of the regulator is Vgyp = 1-25
(14R27/R26) volts. It is, however, best if
the motors are supplied from a separate
supply to avoid interaction and noise
affecting the circuit.

CONSTRUCTION

Big-Ears Buggy is built up on a single-
sided printed circuit board (p.c.b.) measuring
110mm x 75mm. This board is available
from the EPE PCB Service, code 362.
Details of the topside component layout,
together with the full-size underside copper
foil master pattern, are shown in Fig.3.

Begin construction by soldering in posi-
tion the twelve link-wires. Continue with
the lead-off solder pins and the two dual-
in-line (d.i.l.) sockets.

Next, solder in place the slider switch
S1, resistors, l.e.d.s, d.i.l. relays, capaci-
tors, diodes, transistors, regulator IC3 and
battery clip.

Field effect transistors TR1 and TR2
should be soldered with care, since these
are more sensitive devices. So also are the
electret microphones, which each contain
an internal f.e.t. Finally, insert IC1 and IC2
in their d.i.l. sockets. akes the adjustment of presets VRI

In the prototype, the electret microphonOn VR2 less critical.
inserts were mounted on arms (ears), abou However, the microphones may be
15cm from each other. This helpsythey  mounted as close as 3cm from each other
buggy to distinguish sound wave with more delicate adjustment of the

Approx. Cost

co M P O ’ .' E " \. 'v Guidance Only £20

excluding extras & batt

d prototype Big-Ears Buggy
electret microphone inserts
on two aluminium “ears”, about
apart from each other.

Semiconductors

D1, D2 1N4148 signal diode
(2 off)
D3, D4 3mm l.e.d. (desired
colours) (2 off)
TR1, TR2 2N3819 j.f.e.t. transistor
(2 off)
23 10k (6 off) TR3, TR4 BD135 npn transistor
R5 to R8, (2 off)
R15, R16 27k (6 off) TR5 BUZ11 MOSFET
R11, R12, (see text)
R24, R25 1k (4 off) IC1 TLO74CN quad j.fe.t.
R17 100k op.amp
R18, R19 12k (2 off) IC2 NE556N dual timer
R26 470Q IC3 LM317T 1-5A variable
R28 2M2 (see text) voltage regulator

All AW 5% carbon film Miscellaneous

MIC1, MIC2 min. electret microphone
insert (2 off)

RLA, RLB  s.p.n.o. reed type d.i.l.
relay (2 off)

Potentiometers
VR1, VR2 200k single-turn cermet
preset, horiz. (2 off)

VR3, VR4 100k single-turn cermet
’ ; RLC, RLD double-pole changeover
preset, horiz. (2 off) relay — see text .(2 off)
Capacitors S1 s.p.d._:. Eltra-mln slider
C1,C10  220u radial elect. 50V . Ievse‘"r”(fp orated
@ off) r-opera
C2,C3 47u radial elect. 50V microswitch (see text)
(2 off) Printed circuit board available from the
C4,C6 1u radial elect. 50V EPE PCB Service, code 362; 14-pin d.i.l.
(2 off) socket (2 off); link wire; multistrand con-
Cs, C7 ) necting wire; 9V PP3 type battery (or
to C9  4u7 radial elect. 50V desired d.c. voltage supply), with connect-
(4off) ing clips (2 off); solder pins; solder etc.
C11 4n7 ceramic EXTRAS
C12 100u radial elect. 50V Solar motor, with gears (2 off — see
C13,C14  10n polyester (2 off) text); large wheel (2 off); small rear
C15,C16  10u radial elect. 50V wheel; baseboard, size 110mm x 75mm;
(2 off) resistors RX and RY (33Q 5W and 22Q
C17 100n polyester 5W — see text); aluminium strips for
C18 470n polyester or microphone insert (ears) — 2 off; epoxy

ceramic (see text) glue; M2-5 nuts and bolts etc.
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presets, in which case the values of resis-
tors R18 and R19 will also need to be
reduced to readjust the arc of frontal “hear-
ing” (try 6k8 for Scm).

Be careful to observe the correct polarity
of the electrolytic capacitors (these have var-
ious orientations on the board), and the cor-
rect orientation of the transistors, diodes,
i.c.s, and the specified d.i.l. relays. The cath-
odes (k) of the Le.d.s (D3, D4) will have a
flat side on their plastic encapsulation. The
negative terminals of the electret micro-
phones are connected to their case.

SETTING UP

Begin testing of the completed p.c.b. by
turning back (anti-clockwise) presets VR1 to
VR4. Then turn them all up (clockwise) by
about a quarter. Presets VR1 and VR2 adjust
the buggy’s sensitivity to sound, while VR3
and VR4 adjust the periods of time for which
monostable timers IC2a and IC2b will trigger.

Attach a battery or d.c. power supply
between 9V and 37V to the battery clip,

e \/O

TO MOTOR
SUPPLY (B2)
I AND MOTOR
VR2 |
rlir[R[R . com
EI! @ PRSSEIR d > (FOLE)
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AND MOTOR
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3.0in (76mm)

e

4.5in (114mm)

Fig.3. Big-Ears Buggy printed circuit board component layout and full-size underside copper foil master pattern.
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observing the correct polarity. Switch on
the buggy circuit board by means of slider
switch S1.

Now stand to one side of the p.c.b. (in
line with the two microphones), and clap.
The le.d. at the near side of the circuit
board should illuminate, and the corre-
sponding reed relay briefly close. Stand at
the other side of the p.c.b., and clap again.
Again, the l.e.d. at the near side of the cir-
cuit board should illuminate, and the corre-
sponding reed relay close.

Clapping directly in front or behind should
cause both diodes to illuminate and both
relays to activate. If they do not, the value of
resistors R18 and R19 needs to be increased.
If both l.e.d.s always illuminate, the value of
these resistors needs to be reduced.

Presets VR1 and VR2 may be used to
even out any imbalance between the

i
I
b, ! k
B?J | Shiaoon
|
i
C18 mmm A28
4 —-_— e
Above: Component
layout on the
completed printed
circuit board.

o
o

sensitivities of the

preamplifiers. These

need to be fairly care-  rayerse” feature

fully balanced, so that  yjreq jn paralle
ICla and IC1b do not
respond to different sound waves Q er-g

ent amplitudes. If the bugg
respond too much to sound frén
increase the gain of the o]
vice versa.
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Fig.4. Interwiring from the circuit board and between the motors. Optional resistor
RX controls the amount of “steer” and RY helps to prevent any possible overload

of the motors.
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Fig.5. Circuit modifi
i Or one motor, a second relay (RLD),

ith

s‘ for adding a simple “bump-and-

R

L C, will be needed for the other motor.

suitable “chassis” or baseboard. A general
guide of the mechanical assembly can be
seen in the accompanying photographs.

Two d.c. motors (with wheels) are mount-
ed on a baseboard of equal size to the p.c.b.
The baseboard is bolted to the p.c.b. with
through-bolts at the four corners. Solar
motors would be best suited here, since
they do not stall as easily as other d.c.
motors when slowed.

The two motors must be mounted in par-
allel with through-axles (not at 180
degrees, or there may be differences in
torque), and are wired to each of the reed
relays in such a way that the relays switch
them on and off. A third wheel (which
must be able to swivel as it trails the
buggy) is mounted at the back. It is impor-
tant that this wheel should touch the
ground at a position that is central to the
two wheels which are attached to the
motors (see photo). If this wheel is not cen-
tral, the buggy is likely to “list” to one side.

Instead of switching the two motors
alternately when sound is received from
the right or left, one motor may merely be
slowed while the other is at full power. The
wiring arrangement shown in Fig.4 may be
used, whereby both motors will turn when
a sound is detected from the right or left,
but one will turn more slowly than the
other through series resistor RX (if using
solar motors, try about 33 ohms 5W to
begin).

A series resistor RY (try 22 ohms 5W)
may be inserted in a power line to prevent
overload of the motors. If there are imbal-
ances in the torque of the motors, a resis-
tor together with series diode (e.g. the
1N4001 — orientated as required), may be
wired in parallel with RX (more current
now passes in one direction). Also test
what effect presets VR3 and VR4 have on
steering.

All in all, a fair bit of tweaking and
experimenting may be required to get Big-
Ears to operate smoothly.
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Underside view of the prototype buggy. It has been found
that powering the motors from a separate battery improves

the performance of Big-Ears.

BUMP-AND-REVERSE

A simple add-on circuit for a “bump-
and-reverse” feature, which uses virtually
zero current on stand-by, is shown in Fig.5.
This is for one motor — wire a second relay
coil (RLD) in parallel with RLC for both
motors and repeat the circuit.
The switch S2 may be a sensitive lever-

General buggy layout showing the p.c.b. mounted on the
baseboard, one large motogF@isiven wheel and the small trail-
ing wheel. Batteries cangbe, sitéd between boards or below

the chassis board.
of capacitor C18 should be about 470n, and @ ar discs may be mounted on the
the additional relay a double-pole change, sides of the motors, and used to make a
over (d.p.c.0.) type. ittle person/animal pedal.
This will override the buggy’s circui and The vertical axle of the trailing wheel
cause it to reverse directly out of a ¢ may rotate gears which cause the person’s/

animal’s head to turn as the buggy changes
SUMMARY %
0 ay be

direction. Another gear may be used to turn
Finally, the Big-Ears
nstance,

buggy reverses, it would turn their head to

operated microswitch, the transistor any

“logic MOSFET” (e.g. BUZ11), the value through-axles are

a steering column. Note that when the
used for animation,
the motors,

look backwards.
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TEKTRONIX 2465B 4-ch., 400MHz, delay cursors etc .
TEKTRONIX 2465 4-ch., 300MHz, delay cursors etc. .
TEKTRONIX 2445/A/B 4-ch 150MHz, delay cursors etc £500-£900
TEKTRONIX 468 Dig. Storage, dual trace, 100MHz, delay .. .£450
TEKTRONIX 466 Analogue Storage, dual trace, 100MHz .. . .
TEKTRONIX 485 dual trace, 350MHz, delay sweep ...
TEKTRONIX 475 dual trace, 200MHz, delay sweep
TEKTRONIX 465B dual trace, 100MHz, delay sweep
PHILIPS PM3217 dual trace, 50MHz delay ... ..
GOULD 081100 dual trace, 30MHz delay .
HAMEG HM303 dual trace, 30MHz component testel .
HAMEG HM203.7 dual trace, 20MHz component tester . .

£200
FARNELL DTV20 dual trace, 20MHz component tester .. . .
Many other Oscilloscopes available

MARCONI 2022E Synth AM/FM Sig Gen

10kHz-1-01GHz l.c.d. display etc ..........
H.P. 8657A Synth sig gen, 100kHz- 1040MHz
H.P. 8656B Synth sig gen, 100kHz-990MHz
H.P. 8656A Synth sig gen, 100kHz-990MHz ..
R&S APN62 Synth, 1Hz-260kHz sig. gen.,
balanced/unbalanced output, I.c.d. display e
PHILIPS PM5328 sig gen, 100kHz-180MHz ith

200MHz, freq. counter, IEEE .
RACAL 9081 Synth AMFM sigg en SkHz-1024MHz
H.P. 3325A Synth function gen, 21MHz . .
MARCONI 6500 Amplitude Analyser ..
H.P. 4192A Impedance Analyser ... .
H.P. 4275A LCR Meter, 10kHz- oMz
H.P. 8903A Distortion Analy er
WAYNE KERR 3245 Inductance Analyser
H.P. 8112A Pulse Generator, 50MHz ... ..
MARCONI 2440 Frequency Counter, 20GHz
H.P. 53508 Frequency Counter, 20GHz . . .
H.P. 5342A 10Hz-18GHz Frequency Counter
H.P. 16508 Logic Analyser, 80-channel . . .
MARCONI 2035 Mod Meter, 500kHz-2GHz

RADIO COMMUNICATIONS TEST SETS
MARCONI 2955/2995A

SCHLUMBERGER 4040 .

UST IN

H.P. 6063B DC Electronic Load, 3-240V/0-10A, 250W
H.P.66312A PSU, 0-20V/0-2A . .. ...
H.P.66311B PSU, 0-15V/0-3A .
H.P. 66309D PSU Dual, 0-15, 0-3A/0-
H.P. 66328 PSU, 0-20V/0-5A
H.P. 6623A PSU, triple output ranging from 0-
0-20VO0-4A. ...
H.P/AGILENT 34401A DMM 6% d\glt
H.P. 3478A DMM 5% digft. . . . .
FLUKE 45 DMM dual d\splay .
KEITHLEY 2010 DMM 7% digit . ... .. S
KEITHLEY 617 Programmable Electrometer. ..
H.P. 4338B Milliohmmeter.......... .
RACAL Counter type 1999 2 GGHZ
H.P. Counter type 53131A 3GHz.
H.PJAGILENT 33120A Func. Gen/ARB WOOMHZ 15MH

SONVIT EKTRONIX AFGSZO Arb\lavy Func Gen
H.P. 8904A Syn. Function Gen, DC-600kHz . £1DDOI£1250
BLACK STAR JUPITOR 2010 Func. Gen, 0-2Hz- ZMHZ with
frequency counter ........ Al
H.P. 8116A Pulse Generator, mH-50MHz -
H.P. 8657B Syn Sig. Gen, 0-1-2080MHz
CO-AXIAL SWITCH, 15GHz........... S
IEEECABLES..................cooeiiin

SPECTRUM ANALYSERS

H.P. 8561B 50Hz-6.5GHz . . . ... . .£6500
H.P. 8560A 50Hz-2-9GHz symheswsed
H.P. 8594 9kHz-2.9GHz

... £5000
. £4500/£5000
... £3500

HP8591E1MHZIBGH2 750 ... 5(

H.P. 853A with 8559A 100kHz-21GHz ... .. £2250
H.P. 85588 with Main Frame, 100kHz-1500MHz . £1250
H.P. 3585A 20Hz-40MHz £3000
H.P. 3580A 5Hz-50kHz . . . . £800
ADVANTEST RA131B 10kHz-35GHz .. £3500
EATON/AILTECH 757 0-001-22GHz . £1500

MARCONI 2382 100Hz-400MHz, high resolution
MARCONI 2370 30Hz-110MHz . ...
H.P. 182 with 8557 10kHz-350MHz . .
H.P.141T SYSTEMS

8553 1kHz-110MHz ........
8554 500kHz-1250MHz ...
8555 10MHz-18GHz ... .
TEKTRONIX 491 10MHZ 12 AGHz .
H.P. 8443 Tvackmg Gen/Counter, 110MHz
H.P. 8444 OPT 05
B&K 2033R Slgna\ Ana\ysev e
H.P.5372A Frequency & Time Interval Ana\yser .
H.P. 8754A Network Analyser, 4MHz-1300MHz .
H.P. 3557A Network Analyser, 5Hz-200MHz . . .
H.P. 53310A Mod Domain Analyser Opt 001/003
ONO SOKKI CF300 Portable FFT Analyser .
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Used Equipment - GUARANTEED. Manuals supplled
This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone for lists.
Please check availability before ordering.

CARRIAGE all units £16. VAT to be added to Total of Goods and Carriage
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