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Proximity Detection for Mini-Mobots.

Executive Summary

Preface

Any robot that is to make decisons without human help, needs information on which to
make those decisons. This information is supplied by sensors, eg. a decision as to whether a robot
isturning awhed at the correct speed requires a sensor to gauge the speed of that whed.

The exact number and type of sensors, depends upon the robot's reason for existence,
robots in pre-planned, non-changing environments, eg car welding robots, require few sensors,
whereas robots designed to be mobile and carry out procedures in unplanned environments, require
as many sensors as possble, to enable the robot can operate without hinderance from its
environment.

This project was to design and build one such sensor; A proximity detection and range-
finding system to give the mobile robot the ability to "see’ obstacles etc. by using the echoes from
acoustic waves, o preventative measures can be taken to avoid these obstacles. This system of

obstacle-sensing, is not new; bats have used it for the last 350-400,000 years, with great success.

Objectives

The objectives of this project were;

1). To design and build a proximity detection and range-finding system for the mobile robots (Mini-
Moabots), using ultrasonic transducers.

2). To design the system such that it could aso be used as a Smple inter-mobot communications

system.
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| ntroduction to the Mini-M obot

The Mini-Mobot is a smal, smple mobile robot, desgned for use in Multi-robot inter-

action and robot colony experiments. It is a 10cm diameter, cylindrical robot, that moves on 2
wheds, with a support, front and back, to stop the mobot toppling over as shownin 1.
The basic mobot has 4 main parts, al connected

by a "spine’ of connectors. The main board is the
Micro-Controller board which runs the mobot.

) — Micro-Controller The microcontroller has both a program memory

T Motor brve and a daa memory, a wdl as seid
»# — Batteriez & Regulators

communications system, and runs programs on
# 7 Motors & Gear Assembly the EPROM onboard. On top of the micro-
Figure 1 Physica layout of aMini-Mobot controller board Sits various sensor boards as

required
Overview of Ultrasonics

Ultrasonic waves are sounds that have a pitch above the upper limit of human hearing and
are normaly frequencies of above 20kHz. They have smilar properties to sound waves, these
characteristics being:-

1. Wavelength and Velocity of Propagation - The velocity of wave propagation for all
sound waves through air is about 344m/s (at 20°C). At these reatively dow velocities, wavelengths
are short, ranging from afew centimetres for low frequencies, down to afew hundred micrometres
for high frequencies. The actud velocity of propagation is affected mainly by temperature,
increasing by about 3.5% between 0°C and 20°C.

2. Reflection - Aswith al waves, sounds waves produce reflections (echoes) when they hit
an object. These echoes are the basis of dl acoustic range-finding and proximity detection. Metals,
wood, concrete, glass, rubber, and paper are good reflectors, so they can be easily detected,
whereas Cloth, cotton, wool etc. absorb ultrasonic radiation and therefore are difficult to detect.

3. Attenuation - The Amplitude of the ultrasonic sgna decreases with distance, therefore

an echo from afar object will be of very low amplitude.
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Producing Ultrasonic Signals

Ultrasonic signals are produced using the piezodectric principle; when an eectric signd is
added to a vibrator, constructed of a sheet of piezo-electric ceramics bonded to a meta sheet, an

ultrasonic signd is radiated by flexure vibration. The vibrator is bonded to a conicd resonator, in
order, in the transmitter, to efficiently radiate the ultrasonic waves generated, and in the receiver, to
concentrate the ultrasonic waves at the centre of the vibrator.

Due to the reversible nature of piezoelectrics and acoustic waves, just one transducer is
necessary, used dternaively as emitter or receiver. The main problem with thisis that it resultsin a
“blind-zone, while the vibrations, due to sending, decay to alevel a which return signas can cause
the transducer to vibrate. If 2 separate transducers are used, this problem should not occur, unless
sgnals feed directly from the sender to the receiver. Spacing the transducers a distance gpart, and
padding each with alayer of dastic materia, such as rubber, sponge etc, reduces this problem.

The "vison' angle for the transducer pair is 100° and areas outside of this can be thought of
as "blind' areas, s0 to cover 360°, ie dl-round vision, a least 4 pairs are required, mounted on a
board on the mini-mobot.

The Theory of Operation

As noted on the last page, all ultrasonic range-finding is based upon an ultrasonic sgna

echoing when it hits an object. This echo returns to the transducers after a time proportiona to the
distance travelled by the wave. Thistheory isused by dl 3 main methods of range-finding:-

1). Pulse-echo - In this case, the transmitter is pulsed, and the time interva between the
transmitted pulse and the received echo is proportiond to the distance; for example if an object was
1 metre away, the distance covered would 1 metre to the object, then 1 metre back to the receiver.
Therefore the time interval would be;

+
t:1 1

»5- 8mS at velocity of sound = 344nvs
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If no echo is received within the dlotted time, the assumption is made that there is no object within
range. The main advantage of this system is smplicity; no calibrated frequencies, or phase detectors
are required. The disadvantage is that the system is at best, only accurate to within about 2cm A
limitation on the system is that there must be only one pulsein the air a any one time, as the echoes
give no indication of which “parent’' pulse they came from.

2). Frequency-M odulated, Continuous wave - A sophisticated system that can measure
both distance and relative velocity. The Transmitter emits a continuous signal that “sweeps the fulll
ultrasonic frequency range (say from 20kHz to 200kHz), while monitoring the return echoes. From
the frequency difference of the return signa to that being sent, the time since it was transmitted, and
thus the distance to the object can be estimated. Also, with faster moving targets, the Doppler
effect becomes useful, giving relaive velocity. This method requires transducers with a good
frequency response over the whole frequency range and precise oscillators, but give sub-millimetre
accuracy.

3). Continuous wave, phase differ ence When an echo returns, it has a phase difference to
the sgna being transmitted, indicating the distance, minus a whole number of wavelengths, the
wave has travelled (ie if it travelled three and a haf wavelengths, the phase difference would be
equa to haf a wavelength). If a beat frequency is used, the effective wavelength would be long,
and the phase difference would indicate the distance. This method needs two precison oscillators,
but gives pin-point (micro-metre) accuracy.

Methods 2 and 3 were thought to be overkill, both too complex, and being continuous
wave, tota confusion would occur in multi-mobot Situations where 2 or more robots are range-
finding at the same frequencies. This leaves only pulse-echo as a possibility. It has the advantage of
amplicity and athough pulse collisons could il occur if 2 or more mobots are within range of
each-other, this will only occur if a pulse from one is received by another, in it's pulse-echo
time-window, a chance of about 1 in 500 for 2 mobot together. It should be noted though, that
pulse collisonswill occur once in awhile, and even just environmenta noise could cause problems,
but steps can be taken to reduce the probability of this occurring, especidly in software if the
hardwareis as basic and software-controlled as possible. Methods include;

1). Checking the “air' first - ie if another mobot is pulsing or sending communications
data, indicated by ahigh ultrasonic sound level, wait until finished.
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2). Pulse-echoing twice (ie double checking), with a random time period in-between, and
then checking that an echo on one trace, is aso present in asimilar position on the other.

3). Whisper - if the mobot is just wanting to range-find at close range (0-20cm), the pulse
length can be reduced in length and volume, ie the system would be looking for an echo from a
whisper). Only objects close to the mobot would echo and these echoes would be of smdl
amplitude; any large amplitude received pulses, would have to be from an other mobot pulsing at
normal intengity.

4). Check the echoes amplitude - any echo from a far-off object should be much
attenuated; if not, it must be a pulse from another mobot.

The hardware was designed with these methods in mind, and alows the software to control

the output pulse, and to get atrace of the return echoes; both position and amplitude.

Badc layout of the system

The requirement was for a pulse-echo system, where the pulse length is software
controlled, and the return is processed by the software. Although 4 transducers are required for al-

round "vison', only one pair can be operating at once (to stop interference with each-other). Thus
there is no need to duplicate dl the circuitry 4 times; most of the circuit can be common to dl 4
transducer pairs.

The transmission side of the circuit drives a transducer using the pulse given to it by the
microcontroller. The transmitted pulse then echoes from any objects present, and are picked up by
the receiver transducer. All recelved signas are of tiny amplitude ( <2 mV for a “loud' echo), so the
sgna requiresto be amplified ( by 2000 ), before anything else is possible. It is then pesk-detected
to remove the 40kHz modulation, then converted to a digitd level, which is sent to the
microcontroller. It processes it, and converts the echoes to distances, using its onboard clock to
time the delay from pulse to echo.

The communication side of the design was just to modulate any seria output signal sent by
the microcontroller. This modulated signal out drives al 4 transmitters, and dl 4 receivers are
aways ligtening for any received signas, which is demodulated and given to the microcontroller to

decode.Thefind block diagram as shownin 2.
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Figure 2 - Block diagram of the system

Dedsign of the actual cir cuit

The generd criteria for the actua circuit was to build the circuit as smal as possible, using

as few components, and as little power (<50mA) as possible, and used 74HC series chips
throughout. The designed circuit was tested at prototype stage, when it was built on strip-board,
and dterations made, before it was laid out on the find Printed Circuit Board. This was then built
and tested. Dueto lack of time, and the Mini-Mobots having not been fully built yet, the tests were
accomplished on the final design on it own, without the rest of the Mini-mobot

Tests on the Communications

The communications side of the system was only tested at a basic leve, to check that what
was sent by one Mobot, could be picked up by another. For this, two systems were set up 40cm
gpart; one transmitting ...010101010101... continuoudly at 220 Bitsy/'sec. The second system was
placed about 40cm away in a very cluttered environment of test equipment and other objects, to
produce as many echoes as possible and Smulate a worst case Stuation. This system was then
monitored, to see that it was recelving the transmission correctly. It was, dthough due to the
echoes, the modulated level encroaches on to the unmodulated leve's bit, but not by enough to

Vi
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confuse the microcontroller which takes the best of 3 readings of each bit received, to guard against
noise. At baud rates above 220, the received sgna becomes more and more uneven, before
becoming totally destroyed by echoes at about 500 Baud.

The main conclusion of the communications test was that comm's at up to 220 bit per
second worked, without error, in a cluttered environment, and in an uncluttered environment, 300
Baud could be used.

Testson therange-finder

For dl of the range-finding tests, the system was set up on the edge of a desk, with one pair of
transducers pointing outwards. The sender transducer was then pulsed for 165L1S and the echo
sgnal, from the system, stored using adigita storage oscilloscope.

1). With no objects present - for an empty area the trace, see 3, showed the one
unexpected result to come out of the testing of the find PCB design. The large amplitude return
signd at the start of the trace, 800LIS long is due to the transmitter “deafening' the receiver, both by
air and by vibrations through the PCB, to which both are attached. On the prototype, the two
transducers were mounted on two separate boards about 2cm apart and padded with foam, and
hence gave very little sgnd by direct feed. On the find design they are 9mm apart, causng the
receiver to resonate badly. At first it was thought that this would preclude any detection in the first
15cm, but later tests showed the system could proximity detect objects closer, but without any

exact value of distance, iedl it know was that the object was closer than 15cm.

Vii
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Figure3 06mS/ Div

Top trace; modulated output pulse
Bottom trace; the received signd for no object echoes

2). With objects present - when an object is within range, the return echo is very sharp, as
shown in 4 for a object 80 cm away from the system, and after converting to digital data by the 6
bit Analog to Digital converter, the data vaues only started increasing, when an echo front was
present; electrica noise and voltage ripple did not show up on the digitized data at al. therefore
even if the software was just checking for a data value that was larger than the last, even just by 1,
it would detect object succesfully without a high error rate for al but long range (ie greater than
150 cm).

viii
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Figure4 1mS/ Div

Top trace; echo Sgnd after amplification
Bottom trace; signdl after peak-detector

Concluson

The system worked as planned, with the possible exception of a close range. Areas
needing further work are; writing software to be used on the system, improving the
communications baud rate, and solving the “deafening' problem suffered by the receiver transducers
just after pulse transmission, possibly by redesigning the PCB they are mounted on.




