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(57) La presente mvention concerne un systeme de
signalisation pouvant €tre utilis€ pour actualiser les prix
d’articles affichés €lectroniquement sur les ¢tageres (1)
d’un supermarch¢. Le systeme de signalisation
comprend: un premier dispositif de signalisation muni
d’un terminal d’entrée destine a recevoir les donnees de
message ¢lectrique provenant d un systeme informatique
central (5); un codeur a spectre disperse destine a coder
les donnces de message recgues; et un convertisseur
¢lectroacoustique (11) destine a convertir les donnees
codées en signaux acoustiques correspondants et a
transmettre les signaux acoustiques sur un support de

I*I Industrie Canada  Industry Canada

(57) A signalling system 1s provided which can be used
to update the prices of goods which are electronically
displayed on supermarket shelves (1). The signalling
system comprises a first signalling device having an
input terminal for receiving electrical message data
received from a central computer system (5), a spread
spectrum encoder for encoding the received message
data and an electroacoustic converter (11) for converting
the encoded data into corresponding acoustic signals and
for transmitting the acoustic signals into a transmission
medium. The signalling system also comprises a second
signalling device (3) having means for recerving acoustic
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transmission. Le systeme de signalisation comprend
¢galement un deuxieme dispositif de signalisation (3)
comportant: des moyens permettant de recevoir les
signaux acoustiques provenant dudit support de
transmission et de convertir lesdits signaux acoustiques
recus en signaux ¢lectriques correspondants; un
décodeur a spectre disperse destine a decoder les signaux
recus; et un régencrateur de message destine a régenerer
les donn¢es de message transmises par le premier
dispositif de signalisation a partir des signaux de sortie
provenant du décodeur.
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signals from said transmission medium and for
converting the recerved acoustic signals 1nto
corrresponding electrical signals, a spread spectrum
decoder for decoding the received signals and a message
regenerator for regenerating the message data
transmaitted by the first signalling device from the signals
output by the decoder.
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| (87) Abstract

A signalling system is provided which can be used to update the prices of goods which are electronically displayed on supermarket

shelves (1). The signalling system comprises a first signalling device having an input terminal for receiving electrical message data received
I from a central computer system (35), a spread spectrum encoder for encoding the received message data and an electroacoustic converter (11)
for converting the encoded data into corresponding acoustic signals and for transmitting the acoustic signals into a transmission medium.
The signalling system also comprises a second signalling device (3) having means for receiving acoustic signals from said transmission
I medium and for converting the received acoustic signals into corrresponding electrical signals, a spread spectrum decoder for decoding the

received signals and a message regenerator for regenerating the message data transmitted by the first signalling device from the signals
output by the decoder. |
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SIGNALLING SYSTEM
The present invention relates to an acoustic signalling
system. The invention has particular although not

exclusive relevance to the communication of data between

two devices using acoustic signals.

A signalling system has been proposed for use in updating
the prices being displayed on supermarket shelves. The
system employs a number of LCD displays spaced along the
supermarket shelf next to the goods to be sold. Each LCD
display is controlled by a respective data tag having a
micrdprocessor which communicates with a central computer
system. The communication link between the

microprocessor of each tag and the central computer

system uses electromagnetic waves to carry the messages.

There are a number of problems with using electromagnetic
waves as the medium for sending messages between the
microprocessor and the tags. The most significant

problem is that the use of electromagnetic waves in many

frequency bands is restricted, leaving only high
frequency bands for applications such as this. As a
result, each of the tags much include a high frequency
demodulator if it is to be able to receive transmitted
messages f rom the central communication link.
Additionally, if each tag is to be able to transmit

messages back to the central computer system, then it
will also require a high frequency modulation circuit.
The requirement of having to use a demodulation circuit
on its own or together with a modulation circuit,

significantly increases the complexity and hence the cost

of each of the tags.

The present invention aims to provide an alternative
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signalling system for use in, for example, supermarkets

for communicating between a central computer system and

the individual shelf tags.

According to one aspect, the present invention provides
a signalling system, comprising: a first signalling
device having: 1) an input terminal for receiving
electrical message data having a power spectrum which
lies substantially over a first bandwidth; 11) means
for spreading the power spectrum of the message data
substantially over a second bandwidth which 1is greater
than the first bandwidth; and iii) means for converting
the déta output by the spreading means into corresponding
acoustic signals; and a second signalling device
comprising: i) means for receiving acoustic signals and
for converting received acoustic signals into
corresponding electrical signals; 11) means for
despreading the power spectrum of the received signals;
and 1iii) means for regenerating the message data

transmitted by the first signalling device from the

despread signals output by the despreading means.

——e e o ) —

Preferably, the power spectrum of the message data 1s

spread using a spread spectrum encoding technique which
combines each bit otf the meésage data with a pseudo-
random code, since this allows the second signalling
device to be able to reconstruct the message data even
when the power level of the acoustic signal at the second

signalling device is below the power level of the ambient

noise (and hence inaudible to humans).

Preferably, the first signalling device also comprises

monitoring means for monitoring the ambient noise level

and level adjust means for adjusting the level of the

transmitted acoustic signals in dependence upon the




CA 02277375 1999-07-12

WO 98/32248 PCT/GB98/00151

3

monitored level of the ambient noise. This allows the
first signalling device to be able to ensure successful
transmission to the second signalling device, whilst
maintaining system efficiency. Instead of or in addition
5 to varying the level of acoustic signals transmitted, the

amount of pseudo-random coding can be varied to ensure

successful transmission.

Preferably, the second signalling device 1s also capable
10 of transmitting message data back to the first signalling
device since this allows the second signalling device to
be able to, for example, acknowledge receipt of a message
sent from the first signalling device. Preferably still,
the second signalling device also has means for
15 monitoring the local noise and means for varying 1ts

transmission level in dependence upon the monitored noilise
level. Additionally, this allows both ends o0f the

communication link to monitor the ambient noise and to
adjust their own or the other ends transmission level
20 and/oxr coding accordingly. Alternatively, the
transmission level and/or coding can be changed Dby
monitoring some other parameter of the received signal,

such as the bit error rate.

25 The signalling system can be used in many applications,
such as for updating the displayed prices of goods on
supermarket shelves, for communicating between
window/door monitoring devices and a central alarm system
and for communicating data between a computer input

30 device, such as a keyboard and/or a mouse and the
computer system.

The present invention will now be described by way of

example only, with reference to the following drawings

35 in which:
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Figure 1 schematically shows a signalling system for

communicating information between a central computer

system and a plurality of independent data tags;

Figure 2 schematically shows in more detail, the

transmitter circuit shown 1n Figure 1;

Figure 3 is a plot of the power spectrum of the data to
be sent, of the transmitted signal and of the ambient

noise;

Figure 4 shows in more detail one of the tags shown in

Figufe l;

Figure 5 schematically shows a tag for use in a second
embodiment in which the tag can receive data from and

transmit data to the central computer system shown 1in

Figure 1;

Figure 6 schematically shows a transmitter and receiver

circuit for use in a second embodiment in which the tags

can receive data from and transmit data to the central

computer system shown in Figure 1;

Figure 7 schematically shows a tag for use in an alarm

system for transmitting data back to a central alarm

system in dependence upon received sensor data; and

Figure 8 schematically shows the central alarm system

having a receiver circuit for receiving messages

transmitted from the tag shown in Figure 7.

A first embodiment of the signalling system of the

present invention will now be described with reference

to Figqures 1 to 4. Figure 1 shows a number of
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supermarket shelves 1 each having a plurality ot tags,
some of which are designated 3. Each tag 3 controls a
respective LCD display (not shown) for indicating the
price of goods located next to the display. Figure 1
also shows a central computer system 5 which receives
operator commands via keyboard 7 and which communicates
updated prices to the respective tags 3 via the
transmitter 9 and the loudspeaker 11. In this
embodiment, the central computer system 5, the keyboard

7 and the transmitter 9 are located in a control room 10,

such as in the supermarket manager’s office.

In operation, an operator makes manual changes, via
keyboard 7, to the prices stored in the central computer
system 5 and then instructs the central computer system
5 to update the appropriate prices on the supermarket
shelves 1. To do this, the central computer system send_s
appropriate data to the transmitter 9 for transmission
to the respective tags 3. The data to be transmitted to
the tags 3 is encoded and transmitted as an acoustic
signal from the loudspeaker 11. In this embodiment, the
loudspeaker forms part of the supermarket tannoy system
(not shown). In this embodiment, each tag 3 has its own
identification code or address, so that messages from the
central computer system 5 can be directed to a specific

tag in order that each display is updated with the

correct pricing information.

In this embodiment, the transmitter uses a spread
spectrum encoding technique which spreads the power of
the message to be transmitted over a wider band of
frequencies. The advantage of using a spread spectrum
encoding technigue is that even if the noise level 1s

well above that of the received signal, the tags.can

still reconstruct the transmitted message. Therefore,




CA 02277375 1999-07-12

'WO 98/32248 PCT/GB98/00151

10

15

20

25

30

35

6

it is possible to arrange for the transmitter 9 to output
acoustic signals so as to create a zone in which the
power level of the transmitted acoustic signals is below
that of the ambient noise (and hence inaudible to
shoppers in that zone) whilst still being high enough to
ensure that tags located within the zone can reconstruct

the transmitted message.

Figure 2 1is a schematic block diagram showing the
constituent parts of the transmitter 9. As shown, the
transmitter 9 receives, at input terminal 15, a binary
message from the central computer system 5 for
transmission to a tag 3. As mentioned above, the
transmitter 9 employs a spread spectrum encoding
technique which spreads the power spectrum of the binary
message over a wider band of frequencies, by combining
the binary message with a pseudo-noise binary code
generated by the pseudo-noise code generator 19. In
particular, in place of each bit of the binary message,
the transmitter 9 transmits a pseudo-noise binary code
or the inverse of the pseudo-noise binary code, depending
on whether the message bit is a 1 or a 0. In this
embodiment, this is achieved by representing a binary 1
as +1 and a binary 0 as -1, eg +1 volt and -1 volt, for
both the message bits and the pseudo-noise code bits and
then multiplying the message bits by the pseudo-noise
code bits 1n mixer 17. The resulting binary voltage
signal output by the mixer 17 is then amplified by the
power adjustment circuit 21 and applied directly to loud
speaker 11, without modulating the signal onto a carrier

signal. Consequently, in this embodiment, the electrical
signal applied to the loud speaker 11 is a square wave
voltage which varies between a positive voltage and a

negative voltage. In other implementations a square wave

voltage which varies between two positive voltages could
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be used. Addifionally, depending on the type of
electroacoustic transducer which is employed by the loud

speaker 11, a current could be used as the driving

signal.

As those skilled in the art of telecommunications will
appreciate, pseudo-noise codes are binary codes which
appear to be completely random in nature, but which are

in fact deterministic, i.e. they can be reproduced. In

particular, these codes are generated by exclusive-oOr
feedback from synchronously clocked registers. By
continually clocking the registers, the pseudo-nolise code
18 cjclically reproduced and can therefore be readily
combined with the binary message. The number of
registers, the registers used in the feedback path and
the initialisation state of the registers determines the

length of code and the specific code produced.

The length of code used is a design choice which depends
on many factors, but should not be too short that the

system is unable to isolate a transmitted signal from

electrical interference and the code should not be too
long that the system clock rate becomes prohibitively
large. As those skilled in the art will appreciate, the
length of code used will also dictate the size of the
above described zone. 1In particular, with a long code
the tags will be able to reconstruct the transmitted
message with very low levels of signal to noise ratio,
resulting in a large zone, whereas with a short code the
tags need higher levels of signal to noise ratio to be
able to reconstruct the transmitted message, resulting

in a smaller zone. However, with a long code the tags

will have to operate at a higher clock rate than they

would with a short code. As those skilled in the. art

will appreciate, once the length of code has been chosen,
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it is possible to determine the minimum power level of
the acoustic signal output by the loudspeaker 11 which
will result in the necessary levels of signal to noise
ratio at the most distant tag to achieve successful
transmission, for a given ambient noise power level and

transmission medium (which in this embodiment is air).

In this embodiment, to transmit the necessary pricing
information from the central computer system 5 to each
tag 3, a bit rate of a few tens of bits per second 1is
required resulting in the majority of the power within
the binary message being spread over a bandwidth otf
appréximately 100 Hz. In this embodiment, a 127 bat
pseudo-noise code is used which results 1in the ma jority
of the power of the transmitted signal being spread over
a bandwidth of approximately 10 KHz. With a code of this
length, the tags can reconstruct the message provided the
received signal to noise ratio is greater than
approximately -15dB. In this embodiment, the distance
between the loudspeaker 11 and the most distant tag 1is
below 10 metres, which means that the power level of the
acoustic signals output by the loudspeaker 11 can also
be below that of the ambient noise. However, this is not
essential. The loudspeaker 11 could be some distance
away (greater than 50 metres): In which case, the power
levels of the transmitted acoustic signals at the
loudspeaker 11 might need to be above the ambient noise
level (and hence would be audible at the speaker) to

achieve successful transmission.

Figure 3 shows a plot of the power spectrum 18 of the
binary message to be transmitted, the power spectrum 20
of the transmitted acoustic signal at the loudspeaker 11

and the ambient noise power spectrum 24 which, as

represented by arrow 26, changes with time. As shown,
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in this embodimené, since a relatively long pseudo-noise
code 1is used and since the distance between the
loudspeaker and the tags 3 is relatively small (below 10
metres), the power level of the transmitted acoustic
signal at the loudspeaker 11 is also below the ambient

noise level. Since the ambient noise power level changes

with time, however, the power level of the signal to be
transmitted 1is also varied with time by the power
adjustment circuit 21 in dependence upon the ambient
noise power level (determined by the noise level monitor
25), to ensure that the necessary level of signal to
noise rati'o 1s present at the most distant tag whilst
ensuring that the transmitter is operating reasonably
efficiently. In this embodiment, the loudspeaker 11
employs a reversible electroacoustic transducer 23 which
converts electrical voltage signals into corresponding
acoustic signals and vice-a-versa, and the noise level
monitor 25 determines the level of the background noise
by processing the signals produced by the electroacoustic
transducer 23 when the transmitter 9 is not transmitting
signals. In this embodiment, the electroacoustic
transducer 23 comprises a piezoelectric element which

converts an applied voltage signal into a correspondlng

acoustic signal.

Figure 4 schematically shows the main components of each
tag 3. As shown, each tag 3 1s connected to an
electroacoustic transducer 33 which converts received
acoustic waves into corresponding analogue electrical
signals which are amplified by amplifier 35 and filtered
to remove high frequency components by filter 37. The
filtered signals are then converted into digital signals

by analogue to digital converter 38 and passed through

a correlator 39. The correlator 39 correlates. the

incoming signals with the same pseudo~noise binary code
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used to spread the spectrum of the binary message in the
transmitter 9. As shown, the pseudo-noise code 1s
generated by the pseudo-noise code generator 40. Since
the pseudo-noise binary code appears to be random, and
therefore has a wide bandwidth, the auto-correlation
function of the pseudo-random binary code has a
relatively sharp peak. Consequently, the correlator unit
89 outputs positive and negative peaks when there 1s a
match between the pseudo-noise code and the received
signal. In particular, a positive peak is generated when
the received signal matches the stored pseudo-noise code
and a negative peak is generated when the received signal
matcﬁes the inverse of the stored pseudo-noise code. The
peaks output from the correlator 39 are then fed to a
message regeneration circuit 41 which converts the peaks

into corresponding binary signals and sends them to the

microprocessor 43.

The microprocessor 43 receives the incoming Dbinary
message and determines whether or not it 1is directed to
it by comparing an address in a header portion of the
binary message with its address stored 1n memory 45.

When the received message is directed to that tag 3, the

microprocessor 43 processes the received message and

outputs an actuation signal to output terminal 47 for

altering the price currently being displayed on display
49 .

As those skilled in the art will appreciate, apart from
the advantage of being able to transmit acoustic signals
so that they are inaudible to shoppers in the vicinity
of the tags 3, the signalling system described above, has
the advantage that each of the tags 3 does not require
demodulation circuitry to be able to reconstruct. the

transmitted message since the transmitted message 1s a
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baseband signal. Consequently, each of the tags 3 can
be made relatively cheaply as compared with similar tags

for use in a signalling system which employs
electromagnetic waves as the message carrier.

A number of alternative embodiments which operate 1n a
similar manner to the first embodiment will now be
described. The description of these alternative

embodiments will be restricted to features which are not
in the first embodiment.

In the first embodiment, messages are only sent from the

central computer system 5 to the individual tags 3. 1In
a second embodiment which will now be described with

reference to Figures 5 and 6, the tags 3 are also able
to transmit messages back to the central computer system

5. As those skilled in the art will appreciate, if the
shoppers are not to hear the acoustic signals transmitted
from the tags 3, then a relatively long code will be
required and the loudspeaker will have to be quite close
to the tags, in order to allow the tags to be able to
transmit the acoustic signals below the level of the
ambient noise. Therefore, in this embodiment the most
distant tag 1s located within ten metres of the 1loud

speaker 11 and a 127 bit pseudo-noise code 1s used.

Figure 5 1s a schematic diagram showing the components

of each tag 3 used 1n the second embodiment. In this
embodiment, the electroacoustic transducer 33 is
reversible and forms part of a loudspeaker 34. As shown,
the circuitry for receiving acoustic signals from the
transducer 33 1s identical to that shown in Figure 4, and
will not be described again. In this embodiment, the

microprocessor 43 can transmit messages back to- the

central computer system 5, for example to acknowledge
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receipt of a received message or to inform the central
computer system 5 that there is a fault with the tag 3.
The message to be sent back to the central computer
system is input to mixer 51 via connector 53, where 1t
is combined with the pseudo noise code generated by the
pseudo nolse code generator 40. As with the signals
transmitted by the transmitter in the first embodiment,
the power level of the combined signal output by mixer
51 is adjusted by a power adjustment circuit 55 to ensure
that the necessary level of signal to noise ratio 1s
present at the receiver of the central computer system

5 to achieve successful transmission. As in the first
embodiment, a noise level monitor 57 is provided for
monitoring the local noise level when the tag 3 1s not
transmitting messages to the central computer system 5,
and for controlling the power adjustment circuit 55. In
this embodiment, the ambient noise level determined by
the noise 1level monitor 57 is also passed to the
microprocessor 43 via connector 59, SO that this

information can also be transmitted back to the central

computer system 5.

Figure 6 schematically shows a transmitter and receiver

circuit 61 which is connected to the central computer
system 5 shown in Figure 1. As shown, the circuitry for
the transmitting portion is the same as that shown 1n
Figure 2 and will not be described again. Acoustic

messages which are sent from a tag 3 are received and

converted into corresponding analogue electrical signals
by the electrocacoustic transducer 23 in the loudspeaker
11. The received electrical signals are then amplified
by the amplifier 63 and filtered to remove high frequency
components by filter 65. The filtered signals are then

converted into digital signals by analogue to digital
converter 67 and then passed through a correlator 63.
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The correlator 69_correlates the incoming signals with
the same pseudo-noise binary code used to spread the
spectrum of the binary message in the tag 3. As shown,
the pseudo-noise code is generated by the pseudo-noise
code generator 19. The peaks output from the correlator
69 are then fed to a message regeneration circuit 71
which converts the peaks into corresponding binary
signals and sends them to output terminal 73 for
transmission to the central computer system 5 (shown 1in
Figure 1) which interprets the received message and takes

appropriate action.

As méntioned above, in this embodiment, each tag 3
transmits information back to the central computer system
5 indicative of the local noise level at the tag 3. The
central computer system 5 processes this information and
can send an appropriate control signal to input terminal
75 of the transmitter and receiver circuit 61 for causing
the power adjustment circuit 21 to 1increase the
transmitted signal power level so that a particular tag
can successfully receive the transmitted message. The
central computer system 5 can also transmit a request
back to one or more of the tags 3, requesting them to
increase or decrease the power level of the signals which
they are transmitting back. To achieve this, as shown
in Figure 5, a connection 60 is provided between the
microprocessor 43 and the power adjustment circuit 55 1n
each tag 3, for allowing the microprocessor 43 to
override the control signal generated by the noise level
monitor 57, so that the power level of the transmitted
signal can be increased or decreased by the desired
amount. Additionally, as shown in Figure 6, the noise
level determined by the noise level monitor 25 is passed

to the central computer system 5 via output terminal 77,

so that the central computer system 5 can transmit a
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message back to each tag 3 indicative of the ambient

noise level at the loud speaker 11, so that the tags can
adjust the power level of the acoustic signals which they

transmit accordingly.

In the above described second embodiment, the same
pseudo-noise code was used to transmit messages from the
central computer system to each of the tags and to send
messages back from the tags to the central computer
system. In an alternative embodiment, a first pseudo-
noise code could be used to transmit messages between the
central computer system and each of the tags and a
second different pseudo-noise code could be used for
transmitting messages back from the tags to the central
computer system. This would avoid interference of
signals which are transmitted from the central computer

system and one of the tags at the same time.

In the above embodiments, the level of the acoustic
signal transmitted from each tag or from the central
computer system is controlled in dependence upon the
ambient noise so as to ensure successful transmission.
Alternatively, instead of adjusting the level of the
acoustic signals, the amount of pseudo random coding
could be changed. In particular, when there is
difficulty in extracting the transmitted message from the
received signal, a longer length code could be used which
allows the receiver to operate with lower levels of

signal to noise ratios.

In the above described embodiments, one or both ends of
the communication link monitor the ambient noise and

adjust their own or the other end’s transmission level
or code in order to ensure successful transmission of

data between the tags and the central computer system.
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Alternatively, the transmission level or coding can be

changed in dependence upon another parameter of the

received signal, such as the bit error rate.

5 In the above described embodiments, the ambient noise
level is considered to be constant throughout the
frequency band of operation. Consequently, the same
amplification factor is applied to the signals to be
transmitted. In an alternative embodiment, the bandwidth

10 of operation could be split into a number of sub-bands
and the noise level monitor circuits could be arranged
to determine the average' noise level within each
freqtiency sub-band and then the power adjustment circuits
could be used to adjust the power level in each sub-band,

15 to ensure maximum data rates in some frequency sub-bands
and minimum interference in others. In addition, the
power adjustment circuits could also take into
consideration the characteristics of human auditory
perception, so that the acoustic signal level 1in the

20 vicinity of the tags is further below the ambient noise
level in frequency bands where the human ear 1s moOst
sensitive and nearer the ambient noise level in frequency

bands where the human ear is less sensitive, thereby

maximising data rates and transmission efficiency.

25
In the above described embodiments, each tag is provided
with its own unique identification code or address toO
allow messages transmitted from the central computer
system to be directed to a specific tag and to allow the
30 central computer system to be able to distinguish between

messages received from different tags. In an alternative
embodiment, each tag could be associated with 1its own
unique pseudo-noise code and the transmitter could send

a message to a selected tag by using the appropriate

35 code. However, such an embodiment would require the
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transmitter circuit to be able to generate a large number

of different pseudo-~noise codes.

In the above embodiments, the message data was encoded
using a spread spectrum encoding technique. In an
alternative embodiment, the message data may be encoded
using another encoding technique in addition to oOr
instead of the spread spectrum encoding technique. For
example, block encoding could be used instead of spread
spectrum encoding and additional encoding may be provided
to allow for error checking and/or to alleviate inter
symbol interference caused by the transmission medium.
Encoding may also be employed to facilitate
synchronisation and/or the regeneration of a clock
signal. The types and forms of such encoding techniques

are well know to those skilled in the art of

telecommunications and will not be described further.

In the above described embodiments, a spread spectrum
encoding technique was employed so that the power level
of the transmitted acoustic signals could be such that
in the vicinity of the tags, the power level of the

acoustic signal could be below the ambient noise level

so that they are inaudible to shoppers. In an alternative
embodiment, the message data could be modulated onto a
high frequency carrier signal prior to transmission SO
that the resulting acoustic signals are in the ultrasound
region and therefore also inaudible to humans.
Alternatively still, since the prices on the tags are
usually only ever changed in the morning prior to
opening, the pricing information could be transmitted
directly to the tags from the central computer system
without encoding. However, this is not a preferred

embodiment since the supermarket staff working at that

time will be able to hear the transmitted data and may




CA 02277375 1999-07-12

- WO 98/32248 PCT/GBI8/00151

17

therefore be distracted by 1it.

In the above described embodiments, a single loudspeaker
was shown for transmitting the messages from the central
5 computer system 5 to each of the tags 3. In an
alternative embodiment, several loudspeakers could be
employed distributed throughout the supermarket. This
has the advantage ot inc'reasing the area of the above

described zone whilst not increasing the length of the

10 pseudo-noise code.

A signalling system has been described for use 1in. a
supermarket. The signalling system described has other
applications. For example, the signalling system could

15 be used for communicating between a computer terminal and

an input device, such as a keyboard or a mouse.

The signalling system can also be used 1in domestic

applications in for example an alarm system for
20 transmitting messages between a number of tags which are
used for monitoring doors and windows etc. and a central
alarm system. In such an application, if a window 15
broken, then the appropriate tag transmits an acoustic
signal back to the central alarm system which activates
25 the alarm and/or informs the police. Figure 7 1s a
schematic diagram showing the components of each tag 3
used in such an alarm system. As shown, each tag 3
comprises an input terminal 81 for receiving a signal
from a sensor 83 which senses, for example, motion in the
30 vicinity of the sensor 83 or the condition of a door or
window (not shown). The sensor signals received at input
terminal 81 are passed to a signal generator 85 which
processes the sensor signals and generates output message

data which is fed via connector 87, to the mixer 89. As

35 in the other embodiments, the mixer 89 is used to combine
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the message data with a pseudo noise code which 1is
generated by the pseudo noise code generator 91. The
power of the combined signal is then adjusted 1n the
power adjustment circuit 93 and then transmitted as an
acoustic signal via the loudspeaker 95. As in the other
embodiments, a noise level monitor 97 is provided which
monitors the local noise level and controls the power

adjustment circuit 93 accordingly.

Figure 8 shows the central alarm system 101 having a
receiver circuit 103 for decoding signals transmitted by
the tag 3 shown 1in Figure 7. As shown, an
electroacoustic transducer 105 is provided which
converts received acoustic signals into corresponding
analogue electric signals which are amplified Dby
amplifier 107 and filtered to remove high frequency
components by filter 109. The filtered signals are then
passed to the mixer 113 which combines the received
signals with the same pseudo noise code (génerated by the
generator 115) used at the transmitter side. The signal
output from the mixer 113 is then fed into the message
regeneration circuit 117 which regenerates the message
data and outputs it to output terminal 119 for
transmission to the central alarm system 101. In this
embodiment, the transmitted data is despread using a
mixer 113 instead of a correlator, although a correlation
despreading technique could of course be used. In order
to be able to despread the transmitted data successfully,
however, the mixing of the received data with the pseudo
noise code generated by the generator 115 must be
synchronised, otherwise the output of the mixer will just
be noise. For this purpose, a synchronisation circuilt

121 is provided which controls the generator 115 1in

dependence upon a feedback signal output by the message

regeneration circuit 117.
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In operation, the signal generator 85 monitors the sensor
signals received at input terminal 81 and from time to
time transmits a status message back to the central alarm
system 101. In the event that the sensor 83 detects
motion, or detects that the door or window is opened, the
signal generator 85 generates an appropriate message
which is transmitted back to the central alarm system
101. The central alarm system 101 then takes the
appropriate action by, for example, sounding an alarm
(not shown). In an alternative embodiment, the central
alarm system could transmit a message back to the tag
which sent the message instructing it to sound a

localised alarm or a verbal warning.

As those skilled in the art will appreciate, the above

described modifications which were made to the first

embodiment can also be made to this alarm embodiment.

In the above described embodiments, the acoustic signals
were transmitted through air. The signalling system of
the above embodiments could also be used in applications

where the transmission medium is not air and 1is, for

example, water.

In the above described embodiments, a central computer
system or a central alarm system was provided. In an
alternative embodiment, each of the tags could

communicate directly with each other, with no tag taking

overall control.

The present invention is not intended to be limited to

the above described embodiments. Other modifications and

embodiments will be apparent to those skilled in the art.
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CLAIMS

1. A signalling system, comprising:

a first signalling device compxising: i) an input

(N

terminal for receiving electrical message data having a
power spectrum which lies substantially over a (first

bandwidth; ii) means for spreading the pcwex spectrum of

+he message data substantially ovexr a second bandwidth
which is greater than said first Lkandwidth and which
10 extends over a fregquency band which is audibkle to humang;
and iii) means for converting the data output by said
spreading means into corrxesponding acoustic signais and
for +transmitting the acoustic signals intc the

atmosphere; and
15 & second signalling device located, in use, at a
distance from the first signalling device and corprising:

i} means for receiving acoustic signals 1from the

atmosphere and for converting the received acoustic

signals into corresponding electrical signals; 11) means

20 for despreading the power spectrum of the recelved

signals; and iii) means for regenerating the message data

transmitted by said first signalling device from the
despread signals cutput by said despreading means;

wherein, in use, said first signalling device 1s

25 cperable to transmit said acoustic signals at a pcwer

level which is chosen in dependence upcn the distance

between said first and second signalling devices, so that

CA 02277375 1999-07-12 ANCDED SHEET
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the power level of the transmitted acoustic signals at
the second signalling device is below the ambient nojize
level and therefore inaudible to humans in the vicinity

of the second signalling device.

2. A system according to claim 1, wherein said

spbreading means comprises a spread spectrum encoder, and

wherein said despreading means comprises a spread
spectrum decoder.

10
3. A system according to ciaim 2, wherein said spread

Sspecctrum encoder is operable to combine the bits of the

message data with a pseudo-noise code.

15 4. A Ssystem according to claim 3, wherein said spread

spectrum encoder 1s operable to replace each bit of the

message data with a pseudo-noise cocde or an inverse of

the pseudo-noise code in dependence upon whether the
message bit is a one cr a zero.

20
5. A system according to claim 4, wherein the message
bits are represented acs plus one or minus one, and

wherein said spread spectrum encoder comprises a code

generator for generating said pseudo-noise code and a

25 mixer for multiplying the code generated by said code

generator with said message bits.

CA 02277375 1999-07-12 .,,,er;ncg SUEET

1

* + gt




i(j- ;j_‘;,:j . 1Y) -4 1 . Ty r 1 ¢ | N SRR R 3 U Tt e Jd b 4 P L R LA SR B TR Y .{'_':,-

Cy . ANON IR I G R T SO Il

i
6. A System according to any of claims 3 to 5, wherein
said spread spectrum decoder is operable to combine the
received signal with the same pseuvdo-noise code used in

the spread spectrum encoder.

7. A system according to claim 6, wherein said spread

spectrum cecoder is operable to multiply the received

signal with said pseudo-nocise code.

10 B . A system accerding to claim 6, wharein said spread
Spectrum decoder is operable to correlate the received

signal with said pseudou-noise code.

9. A system accorcing to any prececing <laim, wherein
15 said Iirst signalling device further comprises means for
monitcring the power level of the ambient ncise and means

for adjusting the pocwer level of the transmitted acoustic

signals in dependence upon the monitored power level of

the ambient noise.

10. A system according to c¢laim 9, wherein said
monitoring means is operable to monitor thé noise in a
number ¢f frequency sub-bands extending over said second
bandwidth, and wherein said adjusting means is operable
25 to adjust the power level of the transmitted acoustic
signals independently in each of said frequency sub-

bands.

CA 02277375 1999-07-12
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11. A system according tc claim 10, wherein said
adjusting means is cperable to adjust the power level in
each sub-band in dependence upcn the sensitivity of the

human ear to acoustic signals in that sup-band.

12. A system according to claim 9, 10 or 11 when

‘dependent upon any of claims 3 te 8, wherein saild

adjusting means is operable ro adjust said power level
of the transmitted acoustic signals in dependence upcn
10 the length of code used by said spreading means and upon

the distance between the first and second signalling

devices.

13. A system according to c¢laim 12, whereln saic
15 adjus+ting means is operable to adjust t.he power level of
the transmitted acoustic signal so that the power level
of the transmitted acoustic signal at the second

signalling device is below the power level of the ampbient

noise.

14. A system according to any preceding claim, wherein
said second signalling device further comprises: 1) a

signal generator for generating messagce data having &
power spectrum which lies substantially over a first

23 bandwidth; ii) means for spreading the power spectrum of

the message data substantially over a second bandwidth

which is greater than the first bandwidth anrnd which

CA 02277375 1999-07-12
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extends over a freguency kand which is audible to humans;
and 1ii) means for converting the data output by said

spreading means into corresponding acoustic signals and
for transmitting the acoustic signals into said

S transmission medium; and
wherein said first signalling device further

comprises: i) means for receiving accustic signals from

said transmission medium and for converting the received
acoustlcC signals into corresponding electrical signals;
10 11) means for despreading the power gpectrum of the
received signals; and iii) means for regenerating the
message data transmitted by the second signalling device
from the despread signals output Lky the despreading

meais.

15. A system according to <¢laim 14, wherein the

spreading means o¢©f the second signalling device iz

operable to spread the message data using a pseudo-ncise

code which is different from a pseudo-noisc code used to

20 spread the message signal by the spreading means ©f the

first signalling device.

16. A system according to claim 14 or 15, wherein the
said second signalling device further comprises means for
25 monitoring the power level of the ambient noise at the
second signalling device and means for adjusting the

power level of the accustic signals transmitted by said

CA 02277375 1999-07-12




2CV- VON Y MU LANCHS U6

18- i3ty iyl n ol 1o S GV S RS PR R WA P put SURERSPY RS L HYTY B & ST '

second signalling device in dependence upon the monitcred
power level of the ambient noise at the second signalling

device.

5 17. A system according tc claim 16, wherein at least one
signalling device ig operable to transmit message data

indicative of the power level of the ambient noise

monitored at that signalling device to the cther
signalling device for use in controlling the pcwer level

10 of the accustic signal transmitted Dby the other

signalling device.

18. A system accorcding to any of claims 14 to 17 when
dependent upon any of claims 9 to 13, wherein the

15 adjusting means o0f at least one o©of said signalling
devices 18 cperable te control the power level of the

acoustic signals transmitted by that signalling device

in dependence upcn the message data received from the

other signalling device.

20

13. A system according to any of claims 14 to 17 when
dependent upon any of claims 9 to 13, wnerein the
adjusting means of at least one of said signalling
devices 1s operable to adjust the power level of the
25 accustic signals transmitted by that signalling device

in depencence upon the bit error rate of the message data

received from the other signalling device.

CA 02277375 1999-07-12 T SEEE
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20. A system according to any preceding claim, wherein
said second signalling device comprises a signal

generator for outputting an actuation signal in

dependence upon the regenerated message data.

S
21. A system according to claim 20, wherein said
actuation signal is for controlling a display.
22. A system according to any preceding claim, wherein
10 sajcd first signalling device comprises a s1gnal generator

operable to generate said message data.

23. A system acccrding to claim 22, wherein said signal
generator ot sald first signalling device is operable to
15 Jenerate said message data in dependence upon sensor data

received frcm a sensor.

24, A system according to claim 22, wherein said signal
generator of said first signalling device is operable to

20 generate sald message data in dependence upon user input.

25. A system according to any preceding c¢laim,

comprising & plurality of said second gignalling devices,

each for receiving message data transmitted by said first
25 signalling device.

\‘.

26. A system according to claim 25, wherein said first

CA 02277375 1999-07-12 T BUAMAE It s ot
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signalling device is operable t¢o transmit message data

to a selectad one or more of said second signalling

devices.

27. A system acccerding to claim 26, wherein each of said

second signalling devices is independently addressable.

28. A system according to anv  preceding claim,
comprising a plurality of said first signalling devices,
each Tor transmitting message data to the ¢r each second

signalling device.

2. A system according to any preceding <laim, wherein

sald transmitting means ccomprises one Cr more spaced

loudspeakers.

30. A signalling system comprising:

a first signalliing device comprisings: 1) an input
terminal for receiving electrical message data; 11) means
for encoding the electrical message data; and iii) means
for converting the encoded data output by said encoding
means into corresponding acoustic signals and for
transmitting the acoustic signals into a transmission
medium;

a second signalling dewvice located, in use, at a
distance from sald first signalling device and

comprising: (i) means for receiving acoustic signals from
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saild transmission medium and for converting the received
acoustic signals into corresponding electrical signals;
and ii) means for decoding the electrical signals in
order to regenerate the message data transmitted by said
first signalling device;

wherein said first signalling device is operable to
transmit said acoustic signals in a freguency band which

is audible to humans and is coperable to transmit said
acoustic signals at a power level which depends upon the
distance between said first and second signalling
devices, so that the power level of the transmitted

accustic signals at the seccnd signalling device is below

the ambient noise level and therxrefore incaudible to humans

in the vicinity of the second signalling device.

31. A signalling system according to cliaim 30, wherein
said encoding means spreads the spectrum of tne message

data over a larger bandwidth than the message data

originally occupied.

32. A signalling system according to any preceding
claim, wherein said message data comprises baseband
message data, and wherein said converting means 1S
operable to convert the baseband message data .into
corresponding baseband acoustic signals and operakble to
transmit the acoustic baseband signals into the

atmosphere.
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AMENDED SHEET




CV. VO l:,l)\ 1 S SR I SN LY -0 65§03 . okl LK SHNNE WP SEEEE ShIV TR R SN M DU ™t l} T daded L g0 |
i . | | N u r—— .79 -‘ ..).‘-1 -- 1? .)
.

- 29 -
33. A supermarket pricing system, comprising:
one or more supports for supporting products for

sale;

a plurality of tags associated with one or more of
5 said supports at a respective location, each tag being
provided for controlling an associated display <for

displaying the current price of a product associated with

the tag location; and
a central computer system operable to receive user
10 input indicative of new pricing information for tae
products associated with the respective tags and for
transmitting message data to said tags fecr updating said

displayed prices;

wherein said central computer system comprises the
15 first signalling device of any of claims 1 to 32 for
ransmitting the message data toc the tags, wherein each
of said tags comprises the second signalling device of

any of claims 1 to 32 for receiving and regenerating the

message data and wherein each tag 1s operable to control

20 the associated display in dependence upo the regeneratad

message data.

34. A +transmitter circuit comprising: 1) an input
terminal for receiving electrical message data having a
25 power spectrum which 1lies substantially over a f{irst
bandwidth; ii) means for spreading the power spectxum of

the message data substantially over a second bandwidth

_07 - e CHEET
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which is greater than said first bandwidth and which
extends over a frequency band wnhich 15 audible to humans;
and iii) means fcr converting the data output by said
spreading means into corresponding acoustic signals and
5 for transmitting the acoustic signals into the

atmosphere.

35. A receiver <circuit ccmprising: 1) means for
recziving acoustic signals fxom the atmosphere and for
10 converting the received acoustic signals into
corresponding electrical signals; ii) means  for
daspreading the power spectrum of the received signals;
and iii) means for regenerating message data transmi tted

frcm a transmitter according to claims 34 from the

15 despread signals output by said despreadling means.

36. A method of communicating data, having a power

spectrum which lies substantially over a £irst tendwidth,
between & first signalling device and a second signalling
20 device, the method comprising the steps of:
at the first signalling device:
(i) spreading the power spectrum of the message
data substantially over a second bandwidth which 18
greater than said first bandwidth and which extends cver

25 a frequency band which is audible to humans; and
(ii) converting the data output Dby said spreading

step into corresponding acoustic signals and transmittling

CA 02277375 1999-07-12 ey .:14F.F'E'
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+he acoustic signals into the atmosphere;

locating said second signalling device at a distance

from said first signalling device; and
at the second signalling device:
5 (1) receiving said acoustic signals from the
atmcsphere and converting the received accustic signals

into corresponding electrical signals;

(ii) despreading the pcwexr spectrum of the received

signals; and

10 (iii)regenerating the data transmitted by the {irst
signalling device from the despread signals output by
said despreading step;

+herein said first signalling device transmits sald
scoustic signals with a power level which is chosen 1n

15 dependence upon the distance between the first and seccnd

level of the

signalling devices, SO that the pcwer

+ransmitted acoustic signal at the second signalling

device is below the ambient ncise level and therefore

inaudibple to humans in the vicinlty of the second

20 signalling davice.

37 A signalling system, comprising:

a first signalling device comprising: 1) an 1input

terminal for receiving electrical message data having a

25 power spectrum which lies substantially ovexr a fi

baseband bandwidth; ji) means for spreading the power

spectrum of the message data substantially over a second

CA 02277375 1999-07-12
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baseband bandwidth which is greater than said first

baseband bandwidth; and 1iii) means toxr converting the

data output by said spreading means 1into corresponding
baseband acoustic signals and for transmitting the
S baseband acoustic signals intoc the atmosphere; and
a second signalling device comprising: i) means for

rec2iving said baseband acoustic signals from the

atmosphere and for converting the received baseband

accustic signals into corresponding beaseband electrical
10 signals; i1ji.) means for despreading the power spectrum Of
the rzceived signals; and iii) means for regenerating the
message data transmitted by said first signelling device
from the despread signals output by said despreading

means.
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