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"DETECTION OF MULTIPLE ARTICLES"

BACKGR D THE INVENT

This invention relates to an identification system comprising an
interrogator and a plurality of transponders. '

South African Patent application No. 92/0039 describes an identification
system comprising an interrogator and a number of individual
transponders which may be attached to or associated with articles to be
identified. The articles to be identified may be, for example, items of
stock in a supermarket or warehouse. . | |

It is an object of the invention to increase the probability of

transponder identification in a system of the kind referred to above.
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According to the invention an identification system comp-rises an
interrogator and a plurality of transponders, the interrogator including
transmitter means for transmitting at least two independent interrogation
signals to the transponders, receiver means for receiving response signals
from the transponders, and processor means for identifying the
transponders from data in the response signals; each transponder
comprising receiving means, a code generator, and transmitting means
connected to the code generator, so that on receipt of at least one of the
transmitted interrogation signals the transponder transmits a response

signal containing data which identifies the transponder.

The transmitter means of the interrogator may be adapted to transmit

the at least two interrogation signals continuously.

Alternatively, the transmitter means of the interrogator may be adapted
to transmit the at least two interrogation signals intermittently, with an
interval between successive interfogation signals which is less than a
minimum period within which transponders which have been disabled by
a disable instruction in an interrogation signal reset themselves

automatically.

The at least two interrogation signals may have respective different
frequencies which are selected to fall within the reception bandwidth of

the receiving means of the transponders.

Preferably, the at least two interrogation signals are relatively narrow
bandwidth signals, the receiving means of each transponder having a
relatively broad reception bandwidth within which the respective

different frequencies of the at least two interrogation signals fall, so that
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transm ged interrogation signals the transponder transmts a response

si gnal ntai ning data which identifies the transponder. The transmtter
nmeans ofggthe interrogator nmay be adapted to transmt the at |east two
interrodition signals continuously. Alternatively, the transnmtter nmeans of
the intggrogator may be adapted to transmt the at |east two interrogation
signals gntermttently, with an interval between successive interrogation
signal s ich is less than a mini num peridod within which transponders which
have bedh di sabl ed by a disable instruction in an interrogation sjgnal

reset tHpnsel vetheliR@PRnAeRISrgsponsiye tg one as morqef theriaterreation sigsalinal s may
have regpective different frequencies which are selected to fall wthin the
recepti bandw dt h of : :

Preferably, each interrogation signal is modulated with data, the data
modulation bandwidth of each interrogation signal being less than the
spacing between the respective different frequencies of the interrogation
signals.

The transmitting means of the transponder may comprise an antenna
and means for modulating the reflectivity of the antenna, so that the
response signal of the transponder comprises one or more interrogation

signal carriers modulated with the data which identifies the transponder.

Preferably, the transmitter means of the interrogator comprises at least
two spaced apart transmitting antennas and the receiver means

comprises at least two spaced apart receiving antennas.

The transmitter means and the receiver means may comprises at least
two spaced apart antenna units, each antenna unit comprising a

transmitting antenna and an adjacent receiving antenna.’

Each antenna may comprise a patch array designed to operate at a
frequency between 800 MHz and 1 GHz.

Preferably, at least two of the respective transmitting and receiving

antennas are polarized differently from one another.

In an alternative embodiment of the invention, the transmitting means
of the interrogator comprises a transmitting antenna, at least first and

second transmitters for generating interrogation signals at respective

different frequencies, and switch means for switching the outputs of the

transmitters alternately to the transmitting antenna.
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on signals are relatively narrow bandw dth signals, the

recei vi ng ans of each transponder having a relatively broad reception
bandwi dth g thin which the respective different frequencies of the at
| east two gnterrogation signals fall, so that 3 the transponder is
responsi vegto one or nore of the interrogation signals. Preferably, each

on signal is nodulated with dat 4, the data nodul ati on bandwi dth

errogation signagl bei | ess than the
g [n this emgoalment, the reCeiver means and the pracessor means of the

i nt errogat
of each i
interrogator are preferably adapted to distinguish response signals from
transponders in response to interrogation signals transmitted at the
respective different frequencies of the at least first and second

transmitters.

Preferably, the processor means is adaped to detect duplicate
transponder response signals transmitted on two or more of the

respective different frequencies and to disregard them.

The transmitter means and the receiver means of the interrogator may
be mounted on or adjacent to a structure which defines an interrogation

zone through which the transponders to be identified may be passed.

In a preferred embodiment, the transmitter means and the receiver
means of the interrogation are supported by a frame defining a passage
through which a conveyance containing articles to which respective

transponders are attached can pass.

The respective different frequencies of the at least two interrogation
signals are preferably selected so that there are no overlapping nulls in
the electric fields of the interrogation signals within a predetermined

distance of the transmitter means of the interrogator.

The system may include processor means for recording data received
from each identified transponder and for relating the received data to

stored data corresponding to the received data.

The processor means may be adapted to store price or identification

data of articles to which different transponders are attached, and to

relate the identification codes of identified transponders thereto.

-
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tween the respective different frequencies of the interrogation
signal Sl The transm tting neans of the transponder may conprise an antenna
and nealgs for nodulating the reflectivity of the antenna, so that the
respons@ signal of the transponder conprises one or nore interrogation
signal garriers nodulated wth the data which identifies the transponder.
Preferagly, the transmtter means of the interrogator conprises at |east
two spafged apart transmitting antennas gnhd the receiver neans conprises at
| east t spaced apart receiving antennas. The transnitter neans and the
recei vel neans Theysystompmay éxclade display means Spogendratiray 4 dispiagrinavhicﬁ ts, each

ant ennafuni t co ri 311 ng 2 transm tti ng antenna and ar}1 %dajracent étel vi ng
ant enna articlesto which respective transponders are attached are associate

with price data.

The system may further include printer means for generating a printout

of the display.

According to another aspect of the invention an identification system
comprises an interrogator and a plurality of transponders, the
interrogator including transmitter means for transmitting an
interrogation signal and an inhibiting signal having respective different
frequencies to the transponders, receiver means for receiving responsé

signals from the transponders, and processor means for identifying the

transponders from data in the response signals; each transponder

P,

comprising receiving means for receiving the transmitted interrogation
signal and the inhibiting signal, a code generator, and transmitting
means connected to the code generator, the respective different
frequencies of the interrogation signal and the inhibiting signal being
selected to fall within the reception bandwidth of the receiving means
of the transponder, the transponder being adapted to transmit a
response signal containing data which identifies the transponder on
receipt of the interrogation signal, to be disabled by a turn-off

instruction in the interrogation signal on successful identification of the
transponder, and to remain disabled while it continues to receive the

inhibiting signal.

Preferably, the interrogation signal is a relatively difeg:tional signal, and

the inhibiting signal is a relatively widely dispersed signal.

The inhibiting signal has a beam width which is preferably at least 5

times greater than that of the interrogating signal.
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a may conprise a patch array designed to operate at a frequency
0 Mz and 1 GHz. Preferably, at least two of the respective

i ng and receiving antennas are polarized differently from one

In an alternative enbodi nent of the invention, the transmtting
the interrogator conprises a transmtting antenna, at |east first
d transmtters for generating interrogation signals at respective
frequencies, and switch nmeans gor switching the outputs of the
ers alternately to the transmtting antenna.

preferably, the interrogation signal is a relatively high power signal and

transmt
anot her’
nmeans of
and sec
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transmt

the inhibiting signal is a relatively low power signal.

The turn-off instruction to the transponder may be transmitted in both

the interrogation signal and the inhibiting signal.
BRIEF DESCRIPTION OF THE DRAWIN

Figure 1 is a diagram illustrating the creation of a
null in an interrogation zone as a result of

a reflected signal;

Figure 2 is a schematic diagram illustrating a first

embodiment of the invention;

Figure 3 is a diagram illustrating the effect of using
different frequencies for the interrogation

signal;

Figure 4 is a schematic diagram of a second

embodiment of the invention:

Figure 5 is a schematic illustration of a practical

embodiment of the invention at a

supermarket checkout;

Figure 6 is a pictorial view of an antenna assembly of

the system of Figure 5;

Figure 7 is a plan view of an antenna unit of the

. antenna assembly of Figure 6; \
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4 In tf podi nent, the receiver nmeans and the processor neans of the

i nterrd F'are preferably adapted to distinguish response signals from
transpg f's in response to interrogation signals transnmitted at the
respectille di f f erent frequencies of the at least first and second

transmsg S. Preferably, the processor nmeans is adaped to detect duplicate
trans response signals transmtted on two or nore of the respective

: frequenci es and to disregard them The transnitter means and the
freans of the interrogator .may be nounted, on adj acent to a
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Figure 9 is a block schematic diagram showing the

overall electronic circuitry of the system of

z
1 | Figures S and 6;
' Figure 10 is a more detailed block schematic diagram
of a quadrature receiver/amplifier of Figure
9; |
Figure 11 is a waveform diagram showing waveforms

at different points in Figure 10;

Figixre 12 is a sample customer receipt printed by the

system of Figures 5 and 6;

Figure 13 is a schematic illustration of an alternative

embodiment of the invention; and

Figure 14 is a block schematic diagram illustrating the

operation of the embodiment of Figure 13.
D PTIO M E

Figure 1 illustrates a problem which occurs in identification systems of
the kind referred to when there is a reflecting surface close to the
interrogator 10 and/or the interrogation zone in which it is desired to
detect transponders. A primary interrogation signal 12 is transmitted
directly from the antenna 14 of the interrogator 10 to the interrogation
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In a pre F'enbodi nent, the transmtter neans and the receiver neans of
the int e Wion are supported by a frame defining a passage through which
a conveyjs-cont ai ning articles to which respective transponders are
attached ' pass. The respective different frequencies of the at |east two
interrog&@EOn signals are preferably selected so that there are no

over | app# nulls in the electric fields of the interrogation signals

wi thin affedet erm ned distance of the tr@nsnitter neans of the

i nterrogg@r. The system may include processor neans for recordi ng data
recei ved¥ff om eamimei #ajie| ¥ seepndagn ypemasatiomaignal 16 d5 Jefleged Heomedgi ved

may be affpt od 1GUET IR e L erigfh ey RolPtheRldrosilty, Medragor means
T and reflected signals 12 and 16 will be half a wavelength out of phase,
causing nulls in the electric field of the interrogation signal. This results
in zdnes 20 of the interrogation zone having a weak interrogation signal,
with insufficient RF energy to power up the transponders. As a result

of this, certain transponders may go undetected by the interrogator.

Figure 2 illustrates schematically a first solution to the problem. In
Figure 2, the interrogator 10 is provided with first and second antennas
22 and 24, which are spaced one half wavelength apart, and which can
be selected by means of switch means 26. Due to the different spacing
of the antennas, the nulls or zones 20 of low power occur at different
locations. In use, the interrogator 10 is first connected to the antenna
22 and scans articles in the interrogation zone, recording the identity
codes received from the various transponders attached to the articles.
The switch means 26 then connects the interrogator 10 to the antenna
24, and the process is repeated. The identification codes recorded
during both interrogation procedures are compared, and duplicated
codes are discarded. In ;his way, all of the articles in the interrogation
zone can be identified, despite some of them lying in portions of the
interrogation zone which are in an RF null of one of the antennas 22 or
24,

The above system is adequate for identifying articles which each have a

transponder with a unique identification code. However, where a
number of articles are provided with transponders all having the same
identification code, it-is not possible to count the number of articles
accurately using the system of Figure 2, since it is not possible to

compare the results of the first and second interrogation procedures in

such a way as to discard duplicate readings.
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i ncl ude di splay neans for generating a display in which the
ch respective transponders are attached are associated with
e systemmay further include printer neans for generating a

e display. According to another aspect of the invention an

n system 9

The system described in South African patent application No. 92/0039,
the contents of which are incorporated herein by reference, in‘g:ludes a
qumber of identical transponders, which are attached to articles of the
same kind, to allow automatic stocktaking. Each transponder is disabled
after it has successfully communicated its presence to the interrogator,
and remains in a disabled state until the RF field caused by the
interrogation signal has been removed completely. Clearly, a system
which has deep RF nulls in its interrogation zone would not be suitable
for use with this type of tag, as individual tags might interpret the lack
of RF power in a null as the turnirig off of the interrogator. As a result,
a transponder which had been disabled after successful identification
could be turned on again when the position of the null moves, providing

an extra signal and thus causing an incorrect count.

In order to overcome this problem, an interrogator is provided which

transmits interrogation signals at at least two different frequencies,

either simultaneously or intermittently. For example, frequencies at 750
MHz and 915 MHz can be employed. These frequencies are chosen so
that there is no location within the interrogation zone where there is an
RF null at both frequencies, as indicated in Figure 3. Since the
transponders are powered by rectifying received RF energy from the
interrogation signals, and as RF energy will be present at each location
in wne interrogation zone from at least one of the interrogation signals,
the transponders will remain powered continuously, and will be able to
remember a "disable instruction’ received from the interrogator after

successful identification.

In the case where the different interrogation signals are not all

transmitted continuously and simultaneously, the interval between

successive transmissions must be less than the minimum period within

which disabled transponders reset themselves automatically.
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Fnterrogator and a plurality of transponders, the interrogator

I ncl udi Ensnmtter nmeans for transmitting an interrogation signal and an

i nhi bi t 31 gnal havi ng respective different frequencies to the

t ranspo¥ , receiver neans for receiving response signals fromthe
transp , and processor neans for identifying the transponders from
data i response signals; each transponder conprising receiving neans

for recsg g the transmtted interrpgahol on signal and-the inhibiting

si gnal , s@code generator, and transnitting means conpected to the code
gener at offf thes'rnesﬁb‘c&rPWOGHFﬁéP%@aﬁer‘gﬁﬁéﬁE@%% cgrles P eitheteshagging on si gnal
and theg @hhi bitin Wafc¥=1 L; : | oM d: B tion ‘
bandwi di J of tmé"'?ggéetl\‘/ r?ggl%ﬁ%lgg%ég#‘ﬁ%%@gﬁg’ngsrzdgnﬁgrél%é%aPrggfr?gp nder bei ng
adapt ed;f‘:; b trapgshé feceived interrogation signal energy, modulated with the

identification code, this data will be transferred on both frequencies for
those tags which are illuminated by both interrogation signals
simultaneously, and only on one frequency in the case of those
transponders which are located in the null of one or the other
interrogation signal. From this, the interrogator can recognise

transponders responding on one or both frequencies.

A system for implementing this embodiment of the invention is
illustrated schematically in Figure 4. In this system, the interrogator
comprises an interrogator/controller unit 28, a first transmitter 30 with
an associated antenna 32, and a second transmitter 34 with an associated
antenna 36. Tags or transponders 38 are shown spaced about within an
interrogation zone which is adjacent to a reflective surface 40. Nulls or
areas of low RF field intensity 42 and 44 which are spaced apart from

one another and do not overlap are shown schematically.

A number of practical applications of the present invention present
themselves. In one application, the system is used in a supermarket to
automate the check-out procedure, obviating the need for manual
scanning or entry of prices using a cash register. In another application,
the contents of a store room, warehouse or a truck, for example, can be
determined without unloading or unpacking. In another application,
articles such as books in a bookstore or library, or compact discs in a
music store can be identified and counted, in an automated stock-taking

process.

It will be appreciated that these examples are merely exemplary, and

many other applications of the invention are possible. o |
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respon Eal containing data which identifies the transponder on receipt
of the ¥ ogation signal, to be disabled by a turn-off instruction in
the in Ejat i on signal on successful identification of the transponder,
and to n disabled while it continues to receive the inhibiting signal.

Pr ef er
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the interrogation signal is a relatively directional signal,

iibiting signal is a relatively widely dispersed signal. The

signal has a beam wi dth whichlis preferably at | east 5 tines
n that of the jnterrogating signal.

3 A practical embodiment of the abovementioned supermarket check-out

of the invention will now be described in more detail.

Figure S shows an interrogator according to the invention which is
installed at a supermarket checkout, and which is designed to scan the
contents of a supermarket trolley 46 which is passed through an antenna
unit 48 of the interrogator. The interrogator includes a till or control
unit 50 which has a keyboard or keypad 52, a display 54 and an invoice
printer 56. The interrogator/control unit 50 is operated by a cashier or

check-out assistant, as in a conventional supermarket.

The antenna assembly 48 of the interrogator is shown pictorially in
Figure 6, and is seen to comprise a frame of welded tubular sections

which supports three separate antenna units 58, 60 and 62.

' The frame which supports the antenna units is sized so that the trolley
46 passes under the upper antenna unit 60 and between the left and
right side antenna units 58 and 62, which are oriented to define an
interrogation zone which is sufficiently large to cover the interior of the
trolley as it is pushed past the antenna units. The antennas of the
different antenna units are polarised differently from each other, to cater
for the fact that articles in the interrogation zone may be oriented
randomly, so that their transponder antennas will also be polarised

randomly

Inside the trolley are various articles 64 which are groceries including

- bottles, boxes and other containers, as well as larger items which may
not be contained in a box or other container, but which are identified by

means of a tag, sticker or label, for example.

Each article 64 in the trolley 46 has a transponder embedded therein or
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¥y, the interrogation signal is a relatively high power signal
i biting signal is arelatively | ow power signal. The turn-off
fbn to the transponder nmay be transmitted in both the interrogation
7l the inhibiting signal. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure

1 Is a diagramillustrating the creation of a null in an
I nte Ation zone as a result of a reflected signal; Figure 2

is a erratlc di agramlllustratlng al2irst enbodinent of the invention;
Fi guige i

artached thereto, which f]aasgzgr? [Hénltff%zszglcr)r? tcé)gg utmtl]eueff {d%xcxitxfymg using
the tvpe of article to which it is attached. Articles of the same type are
firted with transponders having identical codes. A number of the' articles
in the trolley may be identical, and wiil therefore have transponders with

identical codes.

The three antenna units 58, 60 and 62 operate at different frequencies.
The left side antenna unit 58 operates at 915 MHz, the right side
antenna unit 62 operates 910 MHz, and the upper antenna unit 60
operates at 920 MHz.

Each antenna unit 58, 60, 62 comprises a transmitting antenna and a
receiving antenna. The transmitting and receiving antenna are identical.
Each antenna is a microstrip patch array (see Figure 7) comprising four
square patches 66 which are interconnected. The transmitting and
receiving antennas are E-plane polarised and in the prototype
installation were formed on Diclad type GY870 printed circuit board
material, which has a copper cladding with a thickness of 3.2mm, and a
substrate with a dielectric constant of 2.33 and a dissipation factor of
0.0012. The antenna patches 66 were 104 mm square, and each patch
array was 406 mm square. Figure 8 is an E-plane radiation pattern for
the microstrip patch array at 915 MHz, showing its relatively directional

characteristics.

Figure 9 is an overall block diagram of the interrogator of the system,
showing the antenna units, 58, 60 and 62 and their associated electronic
circuitry. The transmitting antennas of each antenna unit 58, 60 and 62
are driven by respective transmitters 68, 70 and 72 which operate at
centre frequencies of 910 MHz, 915 MHz and 920 MHz (that is, S MHz
apart). The transmitters 68,. 70 and 72 are controlled by transmitter

control signals generated by a microprocessor-based control unit 74
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pequencies for the interrogation signal; Figure 4
witic diagram of a second enbodi ment of the invention: Figure 5

‘-t ic illustration of a practical enbodi nent of the invention at a
®t checkout; Figure 6 is a pictorial view of an
fssenbl'y of the system of Figure 5; Figure 7 s a

' k- of an antenna unit of the antenna assenbly of Figure 6;
b 13

which is linked to a central computer system or, in the present example,
the till 50. The interrogation signals transmitted by each transmitter
comprise a carrier signal (at the respective operating frequen;:y of the
transmitter) modulated by signals addressing particular transponders,

particular groups or types of transponders, or all transponders.

‘The receiving aatenna of each antenna unit 58, 60 and 62 is connected
to a respective cavity tuned filter 76, 78, 80 which is tuned to the same
frequency as the respective transmitter (that is, 910 MHz, 915 MHz or
920 MHz). The outputs of the filters 76, 78 and 80 are fed to respective
quadrature receivers and amplifiers 82, 84, 86, together with signals from
the respective transmitter which are derived from the local oscillator of
the transmitter, and a 90° phase shifted version of the local oscillator
signal. The respective quadrature receiver/ amblifiers generate data
output signals which are fed to a combiner circuit 88, which combines
the data signals in a synchronised manner and which feeds a composite
data signal to a phase locked loop and code extraction circuit 90, which
extracts the codes contained in the received transponder signals and

feeds them to the microprocessor 74.

The operation of the quadrature/receiver amplifiers 82, 84 and 86 is
described below in greater detail with reference to Figure 10, which is
a block diagram of a single quadrature receiver/amplifier, and Figure
11, which is a waveform diagram indicating the waveforms present at

various points in the circuit of Figure 10.

The transmitters 68, 70 and 72, the cavity tuned filters 76, 78 and 80, the
quadrature reciever amplifiers 82, 84 and 86, and other associated RF

components are housed in the housings of the respective antenna units

58 60 and 62. The antenna units are connected to the combiner 88 and

the microprocessor 74 in the housing of the till 50 by cables 64. The
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Is a graph showi ng the radiation pattern of an

errent of the antenna unit Figure 7; Figure 9
Fremat i ¢ di agram showi ng the overal |
bf Figures 5 and 6; Figure 10

'c diagram of a quadrature receiver/anplifier of Figure 9; Figure 11
vef or m di agr am showi ng wavef or s
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cables carry data between the antenna units and the control and
processing circuitry of the interrogator, and also supply electrical power

(o the antenna units.

After being powered up by the received interrogation signals, the
rransponders attached to the articles 64 in the trolley 46 begin to
respond, transmitting their own identification codes back to the
interrogator by modulating the received interrogator carrier frequency,
as described South African patent application no. 92/0039. Because
each transponder is a relatively wide band device, and has an antenna
which is typically designed to receive signals from 800 MHz to 1 GHz,
the transponders can respond to one or more of the signals transmitted
by the respective antenna units, at their different frequencies. The
transmitters of the interrogator must, of course, transmit at frequencies
within the reception bandwidth of the transponder (in this case, at
frequencies between 800 MHz and 1GHz). '

The circuitry of the transponder is designed to change the effective input
impedance of the transponder circuit when the transponder is
transmitting its identification code at its onboard oscillator clock rate
(typically 10 kHz), thereby changing the termination and reflectivity of
the transponder antenna accordingly. Thus, a portion of the received
interrogation signal is reflected back to the interrogator antenna,
modulated with the transponder’s own output signal. In this mode of
operation, it is possible that the interrogation signal from the
interrogator can be received by the transponder at one, two or all three
different frequencies used by the respective antenna units 58, 60 and 62,
and the transponder will reflect a modulated signal back to each antenna
unit at the different respective frequencies. It makes no difference to
the operation of the transponder whether it is illuminated by one or

more different frequencies, and the reflected signals at the respective

s a

el ectronic circuitry of the
is a nore detail ed bl ock
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relatively narrow bandwidth of the antenna units 58, 60 and 62 and their
associated circuitry, and because the data modulation bandwid.th of the
interrogation signals is typically selected to be between 10 kHz and 100
kHz, substantially less than the spacing between the different

interrogation frequencies.

A transponder response signal received by any of the antenna units is

- fed via the respective receiving antenna and its associated cavity tuned

filter to a mixer/filter circuit 92 where the received signal is mixed with
a local oscillator signal obtained from the associated transmitter to
extract the baseband transponder response signal. The mixer/filter
circuit 92 includes a low pass filter to eliminate higher frequency
products which result from different frequencies of adjacent interrogator
transmitters. The output of the mixer/filter circuit 92 is a signal A (see
Figure 11) which is fed to a high pass filter 94, where code transitions
in the transponder response signal are extracted by means of pseudo-

differentiation. The response signal is indicated at B in Figure 11.

The demodulated baseband transponder response signal A varies in
strength as well as containing inherent low frequency noise due to the
doppler shift of the interrogation signal carrier frequencies as objects
move in the interrogation zone. The high pass filter 94 filters out the
low frequency noise, passing only the relatively high frequency transitions
of the code and effectively amplifying the resulting "spikes". These
transition “"spikes” are further amplified by an amplifier circuit 96,
resulting in the amplified signal C of Figure 11. The signal C is then
passed through a full wave rectifier 98. The resulting full wave rectified
signal is labelled D1. The received transponder response signal is
passed through an identical receiver 'éircuit, but the mixer/filter circuit

92’ thereof is fed with a phase shifted version of the local oscillator

points in Figure 10; Figure 12 s a sanple
printed by the systemof Figures 5 and 6; Figure
ratic illustration of an alternative enbodi nent of the invention;
3 is a block schematic diagramillustrating the
3 of the enbodi nent of Figure 13. DESCRI PTI ON OF EMBODI MENTS Fi gure
rat es a probl em which occurs in identification systems of the kind
{to when there is a reflectinggsurface close to the interrogator-10
ie interrogation zone in which’it is desired to detect

ers. iffefdint "REQhenbieS " d 4ot iR rerd\Rkh lohel Sndthef)Sdld t&dhe
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ph theantenna 14 of the interrogator 10 to the interrogation
¥SHEET 2 O FEB 1997 8 zone, while a secondary interrogation

® reflected fromthe reflecting surface. At certain distances
ferrogator, the direct and reflected signals 12 and 16 wll be
gt engt h out of phase, causing nulls in the electric field of the
Eon signal. This results in zones 20 of the interrogation zone
sak interrogation signal, 16

signal which is 90° out of phase with the local oscillator signal fed to the
mixer/filter circuit 92. The output of the duplicate receiver circuit is a

full wave rectified signal D2.

The outputs of the full wave rectifier circuits 98 and 98’ are added
. together in a summing circuit 100 to generate a composite waveform E.
Where transitions or "spikes” occur together, the summed output is
relatively large, while where only one weak signal occurs the summed
output is relatively small. The purpose of the dual receiver arrangement
is to deal with the situation where a received signal is not detected due
to the received signal being exactly in phase with the local oscillator
reference signal from the transmitter. By using an additional phase
shifted local oscillator signal in a duplicate receiver channel, at least one
of the signals D1 or D2 will generate a strong output from a received

signal.

The output of the summing circuit 100 is fed to an amplifier 102, which
feeds the amplified combined signal to a noise limiter circuiter 104
which is set to generaté output clock pulses .when it receives input pulses
above a reference threshold. These clock pulses are fed to a D-type
flipflop 106 which generates an output F, which is the received

i Manchester code format signal received from the transponder. The

.. codes of the transponder response signals are so arranged that the first
bit of a transponder message is always a Manchester 1", which
corresponds with the format of the codes which are regenerated by the
flipflop 106.

In the waveform diagram of Figure 11, the waveforms D1 and D2
correspond to signals received from a transponder which are slightly
different in amplitude. When summed together to produce signal E, the

"spikes" of the signals D1 and D2 are added to become relatively strong
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¥ci ent RF energy to power up the transponders. As a res

K n transponders may go undetected by the interrogator.

# schematically a first solution to the problem In Figu

10 is provided with first and second antennas 22 and 24, mhlch

 one hal f wavel ength apart, and which can be sel ected by

ns 26. Due to the different s 9cing of the antennas, the
Iom/pomer occur at differen

o St U AR SO B 11"

| ocations. I n use, the

ult of
Figure 2
re 2, the

nmeans of
nulls or

ans DQHEE%hsldaIOB&ﬁﬂ'tﬁé nofsetlingiterr ditcuitcr4, Maroieseh codeoatpdb t hen
he interrogataor 10 to the antenna 24, and the procéss is-

The itcamsition Eds gereratsdles recor ded

Each of the antenna units and its respective' transmitter and receiver
circuitry operates similarly, so that each of the quadrature
receiver/amplifiers 82, 84 and 86 can pick up a response signal from a
transponder, using its own interrogation frequency and its own antenna

polarisations.

In this regard, the situation can arise that articles which are placed in

the trolley 46 have transponders with antennas which are polarised

differently, due to being tossed in the trolley into a random manner. In

the case of articles packed in a truck or a storeroom, the articles might
be packed in a consistent manner, but the antennas of the transponders
on the articles might be horizontally polarised, whereas a single
interrogator antenna might be vertically polarised and would therefore
not "see” the transponders. However, in the illustrated arrangement, the
use of three different operating frequencies, together with differently
polarised antennas, ensures that the transponders within the trolley are

generally illuminated by at least two different interrogation frequencies

simultaneously, if not all three.

Metallic objects such as tin cans within the trolley can partially screen

the trolley contents from one of the antenna units. However, in most .

cases the other two antenna units will normally illuminate the
transponders in question. If the polarisation of one of these antenna
units is incorrect for the transponder in question,' the remaining antenna
unit should detect the transponder. Obviously, it is conceivable that the
situation could arise where a transponder was completely shielded from

all three of the antenna units. However, this is unlikely in practice. In
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N interrogation procedures are conpared, and duplicated codes are
r In this way, all of the articles in the | .on zone can
fied, despite some of themlying in portiegs

of }he i nt errogation
h are in an RF null of one of the antennas nHémcé-above
syste adequate for identifying articles which e&i’,ﬂ sponder
with a ofi que identification code. However, where a |cles are

provi dedgw t h transponders all having ti& sane |dent|f|cat|on code, it is
ghbl e to count the nunber of articles accurately using .the system
2, shituasians whermtit pissyitall dot idenwifipaale afhehe earticles of ame first

and secofd i nterrogation procedures .in such a as to |scard duplicate
: mterr%ganon zone, c%Her Zntenna Grits Sonid be provided. P

In the example described above, for example, a further antenna unit
could be provided below the trolley, either in addition to or instead of
the upper antenna unit. The antenna assembly could define a bay in |
which the trolley is temporarily "parked", instead of a "tunnel” through
which the trolley is pushed. This would facilitate placing a further

antenna unit at the inner end of the bay.

The Manchester code data which is generated by each quadrature
receiver/amplifier 82, 84 and 86 is fed to a combiner circuit 88 which
comprises a circuit which adds the three incoming waveforms in an
analogue style to form a single combined response signal. The circuit
is followed by a comparator and a single flipflop, for regenerating a
single Manchester code as described previously. The output of the
combiner circuit 88 is therefore a Manchester code containing 64 bits of

information and always starting with a "1".

The output of the combiner circuit is fed to the phase locked loop circuit
90 and to the microprocessor 74, which extracts the information from the
received code as described in South African patent application no.
193/6267. The microprocessor extracts the transponder identification
code from the received signal, verifies that the code is a valid number
by means of parity checking or CRC che’cking, and processes the number

according to the relevant application.

If the microprocessor 74 decides that a transponder has been validly
identified, whether on only one or on two or more. interrogation
frequencies, the transmitters 68, 70 and 72 are instructed synchronously

to modify their respective interrogation signals, for example by




et em described in South African patent application No. 92/0039, the
¥ of which are incorporated herein by reference, includes a nunber

i cal transponders, which are attached to articles of the sanme kind,
v aut omati ¢ stocktaking. Each transponder is disabled after it has

_ fully communicated its presence to the interrogator, and remains in

a ds ed state until the RF field cgused by the interrogation signal has

noved conpletely. Clearly, a syStemwhich has deep RF nulls inits

i nt & gggat | O?mé?ruﬁtmg ?ljxeqr Bmpul? %ig%ﬂistc%l?xjxpﬂetely or by reducing their output

power by a predetermined amount, a certain time after successful

reception of the transponder response signal. This process is carried out
in accordance with the system described in South African patent
aﬁplication no. 93/6267, the contents of which are incorporated herein

by reference.

In the situation where one of the receiver circuits receives a response
signal from one transponder which is not "heard" by the other two
antennas, while those antennas at the same time receive signals from
another transponder, the signals added together in the combiner will not
be of the correct bit length or contain the correct valid code and as a
result will be ignored. Frequently, the transmissions from individual
transponders will be "jammed” by overlapping transmissions from other
transponders, so that the received signals will not pass one or other of
the checking/verification steps. However, when a transponder signal is
received during a "quiet' period when other transponders are not
transmitting simultaneously, it will be verified, and the resulting data is
fed to the microprocessor 74 for identification and counting of the article

to which the transponder is attached.

The above described system exploits the fact that low cost transponders
of the kind in question use wide tolerance components, which allow
good yields in manufacture. These transponders do not include tuned

circuits and comprise a single integrated circuit produced in a
conventional integrated circuit foundry. The antenna of the transponder
determines its frequency response characteristics, and can be designed
for a relatively wide bandwidth. These transponders can then be
interrogated on several different frequencies simultaneously, using
relatively narrow bandwidth interrogator transmit/receive antennas, sO

that the transponders modulate one or several interrogation signals
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: M th this type of tag, as-individual tags mght interpret the |ack
of 7Smmewer in a null as the turning off of the interrogator. As a result,
@bonder whi ch had been di sabl ed after successful identification could
bd on agai n when the position of the null noves, providing an extra

si gn and t hus causing an incorrect sgunt. In order to overcone this
probl € an interrogator is provided ich transmts interrogation signals
at at Feast tsmuﬁiﬁé‘(ﬁl’sﬁ.% dd S4HERRE BiddiRe Sinul taneously or
internftently. For exarrp? E—:"?requeln%aes %t 57"50 MHz and 915 MHz can be

enpl oy@d. These frequencies are chosen so that there is no |ocation W|th| n
t he i nigerrog at .both fre nci es,

i ndi caifed i n(’i&bgﬁraéo%ﬁﬂg]ﬁégs o r%rfgﬁ@ggﬁaﬁg?kgé bé"vﬁ&ﬁéf’eﬂcﬁﬁqﬁ@& i fyi ng
receiv ¥ RF qaé&ithed ' WHidh€can typically take less than one second, the
microprocessor 74 passes the data to the till 50, which generates a print
out which can take the form of the sample print out shown in Figure 12,
by associating the received transponder codes with information in a price
look-up table. The nature of each article in the trolley is indicated, as
well as the price per article, the number of articles, the subtotal, and the
total price of all the articles in the trolley. The microprocessor 74 or the
till 50 itself can store the price look-up data, which can be updated
periodically, for example daily. Alternatively, the microprocessor 74 or
the till 50 can be connected online to a central computer, which provides

updated price look-up data on an ongoing basis.

The information in the sample print out of Figure 12 can be displayed

on the screen 54 of the till 50, and is reflected on a paper print out
generated by the printer 56, which serves as the customer’s receipt.
Payment can be made by the customer in a conventional manner.
However, the automatic generation of a receipt by the described system
lends itself to automatic billing of clients who have an account with the

retailer in question.

A further application of the present invention is illustrated in Figures 13
and 14. This embodiment of the invention can be applied in stock
taking, for example in a book store or a store selling compact discs and
cassettes. In such an application, each item of stock in the store,
whether it be a book, a compact disc or a cassette, has a transponder

fixed to it which identifies the article in question. Using the

HOSp

identification system described in South African patent applications
92/0039 and 93/6267, and using a hand-held interrogator unit or

—_—
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gation signals, and as RF energy will be present at each location in
TREEcrrogation zone fromat |east one of the interrogation signals, the
SAnders will renain powered continuously, and will be able to renenber
"-"-' ble instruction” received fromthe interrogator after successful
‘iMication. In the case where the different interrogation signals are
$ transmtted continuously and 521 mul t aneously, the interval between
[ [ hanthe m ni mum period wi thin which

" dt rar%%gggge "tRe "AFH8ks tcgﬁ B lxﬁ’tg?roggtte b CaJll be identified and
: counted. As the transponder of each article communicates sucg_:essfully
with the interrogator, it receives a turn-off instruction and shuts down.
After a while, the shut-down transponders reset themselves and are

ready to respond againto an interrogation signal.

A problem may arise in that transponders which have already been

interrogated and shut down are reset in this way, and are then
accidentally re-illuminated by the beam of the interrogator, so that they
are recounted, resulting in stock taking errors. To deal with th'is'possible
problem, a hand-held interrogator 108 is provided which transmits a
first, narrow interrogator beam (beam 1) and a second wide angle
inhibititig beam (beam 2) simultaneously, at different frequencies. The
interrogating beam (beam 1) typically has a beam width of
approximately 15cm at its maximum operating range of 4 m, and is
? transmitted at a frequency of 915 MHz, and at a power of 6 watts. The

inhibiting beam (beam 2) is much broader or more widely dispersed, and

has a beam width of approximately 4 m at the same operating distance.
The ratio between the width of the inhibiting beam and the interrogating
beam is at least 5 to 1, and preferably greater than 10 to 1. In the
above exarnpie, the ratio is greater than 20 to 1. The inhibiting beam
is transmitted at a lower power, typically 3 watts, and at a different
frequency (in the-prototype system, at 900 MHz).

Figure 14 shows, in a simplified schematic diagram, part of the circuitry
used by the hand-held interrogator 108. The circuitry includes a 915
MHz transmitter 110 with a directional transmitting antenna 112 which
transmits the interrogating beam (beém 1). The interrogator includes
a directional receiving antenna 114 (which may be separate or which
may be the same antenna as the antenna 112) which feeds a receiver 116
with received transponder response signals, which are fed to the
K‘\
This Sheet- Has B

LT




eceived interrogation signal energy, nodulated with the

t he transponders nodul ate their identity codes by either changing
ectivity of their receiving antenna, or by reradiating a percentage

i dent |' cation code, this data will be transferred on both frequencies for

9s which are illumnated by both interrogation signals

i nvent i

interro_ at or

is less directional than the antenna 112, to transmit the mhlbmng beam
(beam 2).

Due to the higher power.a.nd narrower beam width of the interrogating
beam (beam 1), this beam provides sufficient power to the transponders
illuminated by it to power them up and to cause them to transmit
response signals. The inhibiting beam (beam 2) has a lower power and
is transmitted over a much greater volume, so that its power is normally

insufficient to activate transponders which are currently inactive.

However, it transmits sufficient power to prevent successfully detected,
disabled transponders from powering down completely, thus preventing
them from resetting when the interrogation beam (beam 1) moves away

from them.

Transponders which are very close to the interrogator unit 108 may
receive sufficient power from the inhibiting beam to be powered up and
to transmit response signals as a result. However, these response signals
will comprise the 900 MHz carrier of the inhibiting beam, modulated
with the transponder response code, which will not be detected by the

915 MHz narrow band receiving antenna 114.

When a transponder is successfully detected, the control circuit 118
generates a "gap" or turn-off signal which is applied to both the

both transmitters are briefly interrupted to turn off the relevant
transponder. The turn-off signal is applied to the transmitter 120 as
well, to cater for the possibility that the inhibiting beam (beam 2) is
sufficiently strong due to the closeness of the transponder to the
interrogator 108, to prevent the transponder from turning off as

transmitter 110 and the inhibiting transmitter 120, so that the outputs of |

aeously, and only on one frequency in-the case of those transponders
e located in the null of one oR2the other interrogation signal.
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YoiencdecBaiR el Cantrolireuiey Sibod He emopa DR HS R e
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an interrogator/controller unit 28, a first transmtter 30 with
ated antenna 32, and a second transmtter 34 with an associ ated
B6. Tags or transponders 38 are shown spaced about within an

iti on zone which is adjacent to a reflective surface 40. Nulls or
low RF field intensity 42 and 44 which are spaced apart from one
nd do not overlap are shown schematically. A nunber of practical

conpr
an asg
ant en
i nterr o8
areas off
anot her %

appl i catgons of the present invention p2Esent thenselves. In one
appl i cat@on, the systemis used in a supermarket to autonmate the check-out
procedurig, obvilﬁﬂl -t he need for manual scanning or entry of prices using

a cash rf@gister. In another application, the contents of a store room
war ehous® or a truck, for exanple, can be determ ned wi thout- unl oadi ng or

unpackinfl. In anein'ts setrthactiel above described system also exploits the relative
! frequency insensitivity of the transponders to provide a more accurate
reading or interrogation operation.

It is not essential that the inhibiting beam or signal be transmitted from
the portable interrogator 108. In some installations, it may be
convenient to provide a completely separate transmission system for the
inhibiting signal.
///
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books in a bookstore or |ibrary, or conpact discs
‘e can be rdenti+fied—ant—cotnted,

in a

I n an aut omat ed st ock-taking

hese exanpl es are nerely exenplary,

ot her appl | @u@ miui{i ention are possible. A practi cal
of the ab mar ket check-out of the invention -

be described in nore detail. Figure 5 shows an interrogator
i nvention which is i r}%t all ed at a supernarket checkout,
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is designed to scan the
CLAIMS

An identification system comprising an interrogator and a
plurality of transponders, the interrogator including transmitter
means for transmitting at least two independent interrogation
signals to the transponders, receiver means for receiving response
signals from the transponders, and processor means for
identifying the transponders from data in the response signals;
each transponder comprising receiving means, a code generator,
and transmitting means connected to the code generator, so that
on receipt of at least one of the transmitted interrogation signals
the transponder transmits a response signal containing data which

identifies the transponder.

An identification system according to claim 1 wherein the
transmitter means of the interrogator is adapted to transmit the

at least two interrogation signals continuously.

An identification system according to claim 1 wherein the
transmitter means of the interrogator is adapted to transmit the
at least two 'interrogation signals intermittently, with an interval
between successive interrogation signals which is less than a
minimum period within which transponders which have been
disabled by a disable instruction in an interrogation signal reset

themselves automatically.

An identification system according to any one of claims 1 to 3
wherein the at least two interrogation signals have respective
different frequencies which are selected to fall within the

reception bandwidth of the receiving means of the transponders.

-
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+ of .t he

assistant,* ag im anco
| nterrogator

uni ts 58, 60 and 62. The fra

the receiving means of each transponder having a relatively broad
reception bandwidth within which the respective different
requencies of the at least two interrogation signals fall, so that
the transponder is responswe to any one or more of the

interrogation sngnals

An identification system according to claim § wherein each
interrogation signal is modulated with data, the data modulation
bandwidth of each interrogation signal being less than the spacing
between the respective different frequencies of the interrogation

signals.

An identification system according to any one of claims 1 to 6

wherein the transmitting means of the transponder comprises an
antenna and means for modulating the reﬂecﬁvity of the antenna,
so that the response 'signal of the transponder comprises one or
more interrogation signal carriers modulated with the data which

identifies the transponder.

An identification system according to any one of claims 1 to 7
wherein the transmitter means of the interrogator comprises at
least two spaced apart transmitting antennas and the receiver

means comprises at least two spaced apart receiving antennas.

An identification system according to claim 8 wherein the
transmitter means and the receiver means comprise at least two
spaced apart antenna units, each antenna unit comprising a
transmitting antenna element and an adjacent receiving antenna

element.
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T a supermarket trolley 46 which is passed through an antenna
¥ the i nt errogat or . The—+nterrogator includes a till or
#hi ch has
b6. The int

cont r ol

unit 50 is operated by a cashier or

i onal supernarket. The antenna assenbly
is shown pictorially in Figure 6, and is seen to
'a frame of welded tubul ar segtions which supports three separate
whi ch supports the antenna units is
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it is pushed past the antenna units. The antennas of the _
antenna units are polarised differently fromeach other, to cater

for -th"e;-', act that arti ' ' rogation zone may be oriented
randoni y@ so t hat theif ﬂmm'u) ﬁmrﬂlﬂ"ennas will also be polarised

random y§l nside the trokley are warsi ous articles 64 which are groceries

I ncl udi n@ bottles, boxes and other containers, as well as larger itens
whi ch na§ not be contained in a box or ﬁgher cont ai ner, but which are
identifi@d by neans of a tag, sticker or |abel, for exanple. Each article

64 in the

o

trol{gy 4Rn"RfnBAtLAGE RINER 2ELREHRE Y LRERP'Y Whkrein each

: ’ﬂ antenna element comprises a patch array designed to operate at
' a frequency between 800 MHz and 1 GHz.

11.  An identification system according to any one of claims 8 to 10
wherein at least two of the respective transmitting and receiving

antennas are polarized differently from one another.

12.  An identification system according to any one of claims 1 to 7
wherein the transmitting means of the interrogator comprises a
transmitting antenna, at least first and second transmitters for
generating interrogation signals at respective different
frequencies, and switch means for switching the outputs of the

transmitters alternately to the transmitting antenna.

13.  An identification system according to claim 12 wherein the
receiver means and the processor means of the interrogator are
adapted to distinguish response signals from transponders in
response to interrogation signals transmitted at the respective

different frequencies of the at least first and second transmitters.

14.  An identification system according to claim 13 wherein the
processor means is adaped to detect duplicate transponder
response signals transmitted on two or more of the respective

different frequencies and to disregard them.

15.  An identification system according to any one of claims 8 to 14
- wherein the transmitter means and the receiver means of the
interrogator are mounted on or adjacent to a structure which

defines an interrogation zone through which the transponders to

be identified may be passed.

(i
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hed thereto, which has an identification code uniquely identifying
of article to which—+t—Ts attached. Articles of the sane type are

fitted Qith transponders codes. A nunber of the articles
in the §rolley nmay be ideﬂﬁlﬂﬁﬂl “ﬁﬂm ﬂ“therefore have transponders with
I dentic@l codes. The threes anunlst5*58 60 and 62 operate at different
frequengies. The left side antenna unit 58 operates at 915 MHz, the right

operate§ at 920 MHz. Each_antenna unlt 58, 60, 62 conprises a transmtti ng
antenna and- al6.  An identification system accordmg to claim 15 wherein the

transmitter means and the receiver means of the interrogation
; are supported by a frame defining a passage through which a
conveyance containing articles to which respective transponders

are attached can pass.

17.  An identification system according to any one of claims 4 to 13
“wherein the at least two interrogation signals have respective
different frequencies which are selected so that there are no
overlapping nulls in the electric fields of the interrogation signals
within a predetermined distance of the transmitter means of the

interrogator.

{ 18.  An identification system according to any one of claims 1 to 17
including processor means for recording data received from each
identified transponder and for relating the received data to stored

data corresponding to the received data.

19.  An identification system according to claim 18 wherein the

processor means is adapted to store price or identification data

of articles to which different transponders are attached, and to

relate the identification codes of identified transponders thereto.

20.  An identification system according to claim 19 including display
means for generating a display in which descriptions of the
articles to which respective transponders- are attached are

associated with price data.

21, An identification system according to claim 20 including printer

means for generating a printout of the display.
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. “antenna. The transmtting and receiving antenna are identical.
Each aritg@inna is a mcr rray (see Figure 7) conprising four

square tches 66 which d. The transmitting and receiving
ant ennas@ar e E-pl ane pol @%B‘Wm““‘m prototype installation were
formed of Diclad type GY. ed ocireuit board material, which has a
copper cfadding with a thickness of 3.2mm and a substrate with a

di el ectrgc constant of 2.33 and a dissEpation factor of 0.0012. The antenna
patches 86 were 104 nm square, and each patch array was 406 .nm square.
Figure 88is ad2 E—pk’éheldca@lﬁltamoan sysé¢mhe compoisingh@nminterogaiop p@dcm array at
915 MHz, §showi ng i {:y veI di.,rectional characteri.stics. ure 9 is an
overal | Bl ock di agpg%aﬁ gap @FF@QQ%W‘SV%?@%?@PQW st

means for transmitting an interrogation signal and an inhibiting
signal having respective different frequencies to the transponders,
receiver means for receiving response signals from the
transponders, and processor means for identifying the
transponders from data in the response signals; each transponder
comprising receiving means for receiving the transmitted
interrogation signal and the inhibiting signal, a code generator,
and transmitting means connected to the codé generator, the
respective different frequencies of the interrogation signal and
the inhibiting signal being selected to fall within the reception
bandwidth of the receiving means of the transponder, the
transponder being adapted to transmit a response signal
containing data which identifies the transponder on receipt of the
interrogation signal, to be disabled by a turn-off instruction in the
interrogation signal on successful identification of the
transponder, and to remain disabled while it continues to receive

the inhibiting signal.

23.  An identification system according to claim 22 wherein the
interrogation signal is a relatively directional signal, and the

inhibiting signal is a relatively widely dispersed signal.

24.  An identification system according to claim 23 wherein the
inhibiting signal has a beam width which is at least 5 times

greater than that of the interrogating signal.

25.  An identification system according to any one of claims 22 to 24
wherein the interrogation signal is a relatively high power signal

and the inhibiting signal is a relatively low power signal.
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show Fhe antenna units, 58, 60 and 62 and their associated el ectronic
' The transmtting antennas of each antenna unit 58, 60 and 62 are

B oo AR 2’ 702 5"

transniffters 68, 70 and 72°ark cbnt¥ ol*l ed by transmtter control signals

gener at@d by a m croprocessor-based control unit 74 13 which is |inked
Mt ral conputer systemor, in tI2® present exanple, the till 50. The

interrogation signals transmtted by each transmtter

26.  An identification system according to any one of the claims 22 to

25 wherein the turn-off instruction to the transponder is
transmitted in both the interrogation signal and the inhibiting

signal.
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parti culdh
receivin
respect i

frequenc
e outputs of the filters 76, 78 and 80 are fed to respective

¥ e receivers and anplifiers 82, 84, 86, together with signals from
fective transmitter which ar ABSTRAGH fromthe |ocal oscillator of

MHz) . TH
guadr at

the resp

the tran

‘a carrier signal (at the respective operating frequency of the -
er) nodul ated by signals addressing particular transponders, xv7

r groups or types of transponders, or all transponders. The £

antenna of each antenna unit 58, 60 and 62 is connected to a
e cavity tuned filter 76, 78, 80 which is tuned to the sane
as the respective transmtter (that is, 910 MHz, 915 MHz or 920

smtter, and a 90[err] phase shifted version of the | ocal

oscil | atfor signal.. The respective quadrature receiver/anplifiers generate

dat a out

put si gnadentificivnagyttent doirprides @fibintsrrogutérCdhd aSPluraliyCet conbi nes

transponders. The interrogator includes a transmitter which transmits
at least two independent interrogation signals to the ti‘ansponders, and
a receiver for receiving response signals from the transponders. The

interrogator also includes processor means for identifying the

transponders from data in the received response signals. Each
transponder comprises receiving means, a code generator, and
transmitter means connected to the code generator. On receipt of at
least one of the transmitted interrogation signals the transponder
transmits a response signal containing data which identifies it. The
interrogation signals may be transmitted continuously or intermittently.
In a preferred embodiment, the interrogation signals are relatively
narrow bandwidth signals at different frequencies. The receiving means
of each transponder has a relatively broad reception bandwidth so that

the transponder is responsive to one or more of the interrogation signals.
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. A signals in a synchroni sed manner and which feeds a conposite data
Si gnd/@M o a phase | ocked | oop and coqe extraction circuit 90, which
extracH the codes contained in the reZelved transponder signals and feeds

anpllfr-rs 82, 84 and 86 is descrlbed below in greater detail wth

e to Figure 10, which is a block diagramof a single quadrature
receiveg/anplifier, and Figure 11, which is a waveform di agram i ndi cati ng
the wavgfornms present at various points in the circuit of Figure 10. The
transmgters 68, 70 and 72, the cavity tuned filters 76, 78 and 80, the
quadr atyure reciever anplifiers 82, 84 and 86, and other associ ated RF
conponehts are housed in the housings of the respective anténna units

ZONE OF LOW RP FIELD

eg. 915 MHz

V2 -4

n Replaced
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ocessor 74 in the housing of the til

and the control

pply electrical power to the antenna
by theireceived interrogation signals, the

F nd 62. The antenna units are connected to the conbi ner 88 and the

50 by cables 64. The

MENT SHEET 2 0 FEB 1997 14 cal®/@s carry data between the antenna
and processing circuitry of the interrogator,

and

units. After being powered up
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transpcqers attached to the articles 64 in the trolley 46 begin to
respond,jtransmtting their own identB3f7cation codes back to the

i nterroghtor by nodul ating the received interrogator carrier frequency, as
descri bed South African patent application no. 92/0039. Because each
transponder is a relatively wi de band device, and has an antenna which is
typically designed to receive signals from800 MHz to 1 GHz, the
transponders can respond to one or nore of the signals transmtted by the
respective antenna units, at their different frequencies. The transmtters
of the interrogator nust, of course, transmt at frequencies wthin the
recepti on bandw dth of the transponder Qég,éh's case, at frequencies

bet ween 800 MHz and 1GHz). The circuitry—or—tHe transponder irs designed to
change the effective input

L

-_—

A

This Sheet Has Been Re}placed




inpgdaﬁgg!of t he transponder circuit mhgz the transponder is transmtting
Its identification code at its onboard Lilrator clock rate (typically 10
kHz), thereby changing the term nation and reflectivity of the transponder
antenna accordingly. Thus, a portion of the received interrogation signal
Is reflected back to the interrogator antenna, nodulated with the
transponder's own output signal. In this node of operation, it is possible
that the interrogation signal fromthe interrogator can be received by the
transponder at one, two or all three different frequencies used by the
respective antenna units 58, 60 and 62, and &£&=&ransponder will reflect a
nodul at ed signal back to each antenna unit at the different respective
frequencies. It makes no difference tgo_the operation of the transponder
whether it is illum nated by one or

This Sheet Has Been Réﬂlaced
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- k ’ .
nor e difierent frequencies, and the ref$ ted signals at the respective
15'different frequencies do not interfe wi th one another, due to the
relatively narrow bandwi dth of the antenna units 58, 60 and 62 and their
associated circuitry, and because the data nodul ati on bandw dth of the
I nterrogation signals is typically selected to be between 10 kHz and 100
kHz, substantially |less than the spacing between the different

i nterrogation frequencies. A transponder response signal received by any of
the antenna units is
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L~ L~ e
A g P - -
// 1 ]
W P A
P 4/ A
—t ™ ] X 4 7 X
-~ 72
910 MHz | @& 915 MHz 920 MHz
7é:l . > M
SIOME: CAVITY 91SMEz CAVITY | 9200MHz CAVITY .Lo, LO + %0
TUNED FILTER L0, 10 + %0 TUNED FILTER 10,10 + 50 TUNED FILTER
2at =
- v _
QUADRATURE QUADRATURE QUADRATURE
RECEIVER RECEIVER RECEIVER
AND AND AND
AMPLIFIER AMPLIFIER AMPLIFIER
A {
J DATA CH1 J DATA CI2 Y DATA CH3
sz 4 Y
COMBINER
[ e
PLL &
CODE
EXTRACTION i~ <
e 4
Jr
MICROPROCESSOR . TRANSMITTER
| COMPUTER SYSTEM /TILL |
Figure 7 :;9

This Sheet Has Been Replace

I i




—
fed V'a the respective receiving antgmna and its associated cavity tuned
firlter to a mxer/filter circuit 92 where the received signal is mxed with
a local oscillator signal obtained fromthe associated transmtter to
extract the baseband transponder response signal. The nmixer/filter circuit
92 includes a low pass filter to elimnate higher frequency products which
result fromdifferent frequencies of adjacent interrogator transmtters.
The output of the mxer/filter circuit 92 is a signal A (see Figure 11)
which is fed to adEgE pass filter 94, where code transitions in the
t ransponder response signaly ar xtragted.b ns. . Qfepseudo-
il T orentiati on The T eopatuidratire ReCEiNVE 1, ATMPUERE - F0 o e 11, The
denodul at ed baseband transponder response signal A varies in strength as
wel | as cont ai ni ng“r{ﬁher ent?SJ ow fr*%quenc?‘sloi se due to the

__| Mixer/ HPF Amp. FWR

filter 'f T T ' Manchester code
Sa A B c D1 out
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i _
doppler shift o

f the interrogation $i/§nal carrier frequencies as objects

nmove in the interrogation zone. The high pass filter 94 filters out the |ow

frequency noi se,

passing only the relatively high frequency transitions of

the code and effectively anplifying the resulting "spi kes". These
transition "spikes" are further anplified by an anplifier circuit 96,
resulting in the anplified signal C of Figure 11. The signal Cis then

passed through a f

si gnal

t her eof

u ve rectifier 98 The resulting full wave ctified
is | aketted BI. The received transponder response signal is|passed
through an identical receiver ciA@(jS’(_g)PERM‘AIﬁKE‘TiIter circuiy 92

is fed wthi a phase shifted version of the local oscillato

Romany Creams (200g) e R 2.99 x 4 R 11.96
Outspan Rusks (500g) @R 4.76 x 2 R 9.52
Kelloggs Cornflakes (300g) T R4.34 x3 R 13.02
Weatbix (900g) @R 6.99 x 3 R 20.97
Coffea Cresamer (5009) @R 6.9 x 2 R 13.98
Kelloggs Variaty Pack @ R10.59 % 2 R 21.:8
Lunch Wrap (10m X 300m=m) e4R1.7] X 4 R 6.84
Carlton Towels (120 x 2ply sheets) eR 2.99 X 4 R 11.96
Mentadent-P (100ml1) @ R 1.59 x 1 R 3.59
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16 signal which is 90[err] out. of phase with the | ocal oscillator signal
fed to the mxer/filter circuit 92. The output of the duplicafl®®eceiifes
circuit is a full wave rectified signal D2. The outputs of the full wave

re'c;.tifier circuits 98 and 98 are added toget he m@,@@n@ggg cmg@;ﬁ,{ T

t o gengrete SRSt " vwm -E—\here transitgans oL Qgcur

t oget har IﬁEP‘s‘ﬁ ﬁD q58 mgt i's f}el atjvely largej ; 'iLéf. msg, QZQ )g,tqs % é:" ]
si gnal QB&P%’WP\% §ﬁ#ﬁ4&6 oiptR#ged is-rkl atively s ’r;r,,_','"’ urporsg mot;ﬁage Gy
dual rdbeCledm(shr r anegededt. tfopaged f821 |with the s t’ggq"r“"‘ﬁ WHer s s Rﬁ@ﬁd--;-
si gnal |3 Duovingle) epesed . duetomagehe-+efelrvéd-si gnp BERG- exacﬁ"ﬁ&%n Brpgged ...
wi t h t {7} labstadct 0sc iphdedt. G8.. to paged .7......
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"DETECTION OF MULTIPLE ARTICLES"

BACKGROUND OF THE INVENTION

This invention relates to an identification system comprising an

interrogator and a plurality of transponders.

‘South African Patent application No. 92/0039 describes an identification
system comprising an interrogator and a number of individual
transponders which may be attached to or associated with articles to be
identified. The articles to be identified may be, for example, items of
stock in a supermarket or warehouse.

It is an object of the invention to increase the probability of
transponder identification in a system of the kind referred to above.



reference signal fromthe transmtter. By using an additional

phase shifted

| @cal oscillator signal in a duplicate receiver channel .at—l-eastq one of
the signals D1 or D2 will generate a strong out uREpLMNTGﬁHEEWei si gnal .
The output of the summing circuit 100 is fed to|ap—apptt+frer—T0, {whi ch
feeds the anplified conbined signal to a noise ljiffiter 'g_;ééclg?.} 104 whi ch
is set to generate output clock pul ses when it rledei %8s Wl ges above
a reference threshold. These clock pulsep are fgd jto _a D—T\/nn ,.||cflop 106
whi ch generates _an out put F, WhICh is the recei vied Manchester codd. f or mat

si gnal i _
signals are so arranged that the f| r st b|t of a transponder

al ways a Manchester "1", which

fthe—t+ersponder

response

nessage S

According to the invention an identification system comprises an
interrogator and a plurality of transponders, the interrogator including
transmitter means for transmitting at least two independent interrogation
signals to the transponders, receiver means for receiving response signals

from the transponders, and processor means for identifying the

transponders from data in the response signals; each transponder -

comprising receiving means, a code generator, and transmitting means
connected to the code generator, so that on receipt of at least one of the
transmitted interrogation signals the transponder transmits a response

signal containing data which identifies the transponder.

The transmitter means of the interrogator may be adapted to transmit

the at least two interrogation signals continuously.

Alternatively, the transmitter means of the interrogator may be adapted
to transmit the at least two interrogation signals intermittently, with an
interval between successive interrogation signals which is less than a
minimum period within which transponders which have been disabled by
a disable instruction in an interrogation signal reset themselves

automatically.

The at least two interrogation signals may have respective different
frequencies which are selected to fall within the reception bandwidth of

the receiving means of the transponders.

Preferably, the at least two interrogation signals are relatively narrow
bandwidth signals, the receiving means of each transponder having a
relatively broad reception bandwidth within which the respective

different frequencies of the at least two interrogation signals fall, so that



corresponds with the format of the codes whi ¢t OePei@ted by the
flipflop 106. In the waveform di agram of Fi ng%éjH]@pE@ '@PE@ ofnms D1 and D2

correspond to signals received froma transppngler which are gllghtly
different in anplitude. When summed together |t ¢ rQ@®RE: ®9%nhl | E, the

"spi kes" of the signals D1 and D2 are added tjojbecone rel atiyely strong

17 signals. If the signals are sufficiently llargeTmampritude|{to exceed a
threshol d 108 of the noise limter circyit 144, a Manchester de out put

> R

" the transponder is responsive to one or more of the interrogation signals.

Preferably, each interrogation signal is modulated with data, the data
modulation bandwidth of each interrogation signal being less than the
spacing between the respective different frequencies of the interrogation

signals.

The transmitting means of the transponder may comprise an antenna
and means for modulating the reflectivity of the antenna, so that the
response signal of the transponder comprises one or more interrogation
signal carriers modulated with the data which identifies the transponder.

Preferably, the transmitter means of the interrogator comprises at least
two spaced apart transmitting antennas and the receiver means

comprises at least two spaced apart receiving antennas.

The transmitter means and the receiver means may comprises at least
- two spaced apart antenna units, each antenna unit comprising a

transmitting antenna and an adjacent receiving antenna.

Each antenna may comprise a patch array designed to operate at a -
frequency between 800 MHz and 1 GHz.

Preferably, at least two of the respective transmitting and receiving

antennas are polarized differently from one another.

In an alternative embodiment of the invention, the transmitting means
of the interrogator comprises a transmitting antenna, at least first and
second transmitters for generating interrogation signals at respective
different frequencies, and switch means for switching the outputs of the
transmitters alternately to the transmitting antenna.



transition F is generated. Each of the antenn
transmtter and receiver circuitry operates si
guadrature receiver/anplifiers 82, 84 and 86 ¢

froma transponder, using its own interrogatipnff ﬂgggc
n

antenna pol arisations. In this regard, the sif upat
articles which are placed in the trolley 46 haV

whi ch are polarised differently, due tg beind tossed in the tr

nRERUACEMERP

I ts respective
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ach of the

A ppnse si gnal
Yggand its own
Vi ge |t hat

nder

it h ant ennas
lley into a

random nmanner .. In the case of articles packed T atrtek—or
the articles In @i enbodintdirdiheteeif&MesheMd HRPIOCessBH indane ofthennas of

a

t oreroom

the transponders on the articles mght be horizontally polarised, whereas a

single

interrogator are preferably adapted to distinguish response signals from

_transponders in response to interrogation signals transmitted at the

respective different frequencies of the at least first and second

transmitters.

Preferably, the processor means is adaped to detect duplicate
transponder response signals transmitted on two or more of the

respective different frequencies and to disregard them.

The transmitter means and the receiver means of the interrogator may
be mounted on or adjacent to a structure which defines an interrogation
zone through which the transponders to be identified may be passed.

In a preferred embodiment, the transmitter means and the receiver
means of the interrogation are supported by a frame defining a passage
through which a conveyance containing articles to which respective

transponders are attached can pass.

The respective different frequencies of the at least two interrogation
signals are preferably selected so that there are no overlapping nulls in
the electric fields of the interrogation signals within a predetermined

distance of the transmitter means of the interrogator.

- The system may include processor means for recording data received

from each identified transponder and for relating the received data to

stored data correspbnding to the received data.

The processor means may be adapted to store price or identification
data. of articles to which different transponders are attached, and to
relate the identification codes of identified transponders thereto.



I nt errogator

n bo

see" the transponders. However, in the illustfr OGHEETt
three different operating frequencies, togethdr EAF’EM@?

antenna m ght be vertically polarised and woul d therefore not

=Yar-Yat-y

the use of
pol ari sed

antennas, ensures that the transponders w thin tthe troll eé are generally

i 11 um nat ed
si nul t aneous

the trolley can partially screen the tgolley ¢

ant enna unit

one of these
the remai nin
concei vabl e

by at least two different interrogatli o®0f FERUBRLi ds

ly, if not all three. Metallic objledts such as tin dans within

ontents from one df the
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IS | I,n question,
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@g%ﬁ%ﬂ?ﬁOMIPh EefpeFive ranspondags are aﬁgﬁwﬁ@@. asspciatdsiy, it is

Wi pli&data.

The system may further include printer means for generating a printout

of the display.

According to another aspect of the invention an identification system
comprises an interrogator and a plurality of transponders, the
interrogator including transmitter means for transmitﬁng an
interrogation signal and an inhibiting signal having respective different
frequencies to the tfansponders, receiver means for receiving response
signals from the transponders, and processor means for identifying the
transponders from data in the response signals; each transponder
comprising receiving means for receiving the transmitted interrogation
signal and the inhibiting signal, a code generator, and transmitting
means connected to the code generator, the resﬁective different
frequencies of the iﬁterrogation signal and the inhibiting signal being
selected to fall within the reception bandwidth of the receiving means
of the iransponder, the transponder being adapted to transmit a
response signal containing data which identifies the transponder on
receipt of the interrogation signal, to be disabled by a turn-off

-instruction in the interrogation signal on successful identification of the

transponder, and to remain disabled while it continues to receive the

inhibiting signal.

Preferably, the interrogation signal is a relatively directional signal, and
the inhibiting signal is a relatively widely dispersed signal.

The inhibiting signal has a beam width which is preferably at least 5

- times greater than that of the interrogating signal.



situation could arise where a transponder was conpl etely shielded fromall
three of the antenna units. However, this is ¢n I te. In 18
situations where it is vital to identify all ¢f hE%@CﬁWQE%ﬁ?n an
interrogation zone, further antenna units coulfdjbe provided. |njthe exanple
desScri bed above, for exanple, a further antenfajuid @ FERINP7be| pf ovi ded
below the trolley, either in addition to or ipstfead of the uppef antenna
unit. The antenna assenbly could define agbay{in which the trol}jey is
tenporarily "parked", instead of a "tunnel" through .
Preferably, the interrogation signal is a relatively high power signal and

the inhibiting signal is a relatively low power signal.

.

The turn-off instruction to the transponder may be transmitted in both

the interrogation signal and the inhibiting signal.

-BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 - is a diagram illustrating the creation of a
null in an interrogation zone as a result of

a reflected signal;

Figure 2 is a schematic diagram illustrating a first

embodiment of the invention;

Figure 3 is a diagram illustrating the effect of using

different frequencies for the interrogation

signal;

Figure 4 . is a schematic diagram of a second

embodiment of the invention:

Figure § is a schematic illustration of a practical
embodiment of the invention at a

supermarket checkout;

Figure 6 . is a pictorial view of an antenna assembly of

the system of Figure 5;

Figure 7 - is a plan view of an antenna unit of the

antenna assembly of Figure 6;



which the trolley is pushed. This would facilitate placing a further
antenna unit at the inner end of the bay. The fddpp Spg_@e]data which is
generated by each quadrature receiver/anplifje ~and. . B6 Jis fed to a
conmbiner circuit 88 which conprises a circui i ch adds t-hg tjhree incom ng
waVeforms in an anal ogue style to forma singlle 26hbEBe®97 edpdnse signal .
The circuit is followed by a conparator and ingle flipflqgp, for
regenerating a single Manchester code &s desfcri bed previously.l The out put
of the combiner circuit 88 is thereforé a chester_code confiai ni ng 64
bits of inforFigur©8 and al ways starg gf%%’gﬁ"ﬁ%tﬂe rad‘ﬂgﬁo@ghﬁg{n ef the
conbiner circuit is fed to the phase cked | o0Op circuit 90 and to the

m croprocessor 74, which extract sanhantendizrelementn of rtben afenna unit

Figure 7;

Figure 9 is a block schematic diagram showing the
overall electronic circuitry of the system of
Figures 5 and 6;

Figure 10 is a more detailed block schematic diagram
* of a quadrature receiver/amplifier of Figure
9%

Figure 11 is a waveform diagram showing waveforms
at different points in Figure 10;

Figure 12 | is a sample customer receipt printed by the
system of Figures 5 and 6;
Figure'13 - is a schematic illustration of an alternative

embodiment of the invention; and

Figare14 -~ . - is a block schematic diagram illustrating the
operation of the embodiment of Figure 13.

DESCRIPTION OF EMBODIMENTS
Figure 1 illustrates a problem which occurs in identification systems of
the kind referred .to when there is a reflecting surface close to the
interrogator:10:and/or the interrogation zone in which it is desired to
detect transponders.” A primary interrogation signal 12 is transmitted
directly from. thetantenna 14 of the interrogator 10 to the interrogation



recei ved code as described in South African pgt gl lflfb?& h@f}é@%@

The m croprocessor extracts the transponder ide
recei ved signal,

elfro
verifies that the code is a Jallid nunber by ns

parity checking or CRC checking, and processeq tlhe2 QUFERMIStcor ¢i ng
rél evant application. If the mcroprocessor 74 decides that aftfans

has been vali dl

y identified, whether on only gne or on two or re

i nterrogation frequencies, the transmtt@s 6§, 70 and 72 are jmlstr
synchronously to nodify their respective interrogation signals, for

by

zone, while a secondary interrogation signal 16 is reflected from the
reflecting surface. At certain distances from the interrogator, tpe direct
and reflected signals 12 and 16 will be half a wavelength out of phase,
causing nulls in the electric field of the interrogation signal. This results
in zones 20 of the interrogation zone having a weak interrogation signal,

with insufficient RF energy to power up the transponders. As a result

of this, certain transponders may go undetected by the interrogator.

Figure 2 illustrates schematically a first solution to the problem. In
Figure 2, the interrogator 10 is provided with first and second antennas
22 and 24, which are spaced one half wavelength apart, and which can
be selected by means of switch means 26. Due to the different spacing
of the antennas, the nulls or zones 20 of low power occur at different
locations. In use, the interrogator 10 is first connected to the antenna
22 and scans articles in the interrogation zone, recording the identity
codes received from the various transponders attached to the articles.

The switch means 26 then connects the interrogator 10 to the antenna

93/ 6267.
m t he
of

to the
ponder

uct ed
exanpl e

24, and the process is repeated. The identification codes recorded

during both interrogation procedures are compared, and duplicated

. codes are discarded. In this way, all of the articles in the interrogation

zone can be identified, despite some of them lying in portions of the
interrogation zone which are in an RF null of one of the antennas 22 or

24,

The above system is adequate for identifying articles which each have a
transponder with a unique identification code. However, where a
number of articles are provided with transponders all having the same
identificatiom code, it is not possible to count the number of articles
accurately'using‘ the system of Figure 2, since it is not possible to
compare theresults of the first and second interrogation procedures in

such a way as.ordiscard duplicate readings.



19 interrupting their output signals conpletely ggpila¢emedrcyrart pei r out put
-5

power by a predeterm ned anount, a certain ti
of the transponder response signal. This procegsjis carried ou n

uecessil { reception

accordance with the system described in South Af{i @@ RER 887 app|ication
no. 93/6267, the contents of which are incorpofafed herein by feference. In
the situation where one of the receiver circuifs receives a resppns

from one transponder which is not "heard"9 by t

t hose ant ennas

nas

the sape t,jnme, receive signals fromanother tr
the signals addeBe shyemiesscriped %Seg%ﬁﬁ@wat¢nmplwéﬂefltﬁ?%e‘f%a$f£
length or contajhg tdiftes8 drShiticH Aré ThéoPPSratilf néreift by reference, includes a

number of identical transponders, which are attached to articles of the
same kind, to allow automatic stocktaking. Each transponder is disabled
after it has su&cessfully communicated its presence to the interrogator,
and remains in a disabled state until the RF field caused by the

interrogation signal has been removed completely. Clearly, a system

* which has deep RF nulls in its interrogation zone would not be suitable

for use with this type of tag, as individual tags might interpret the lack
of RF power in a null as the turning off of the interrogator. As a result,
a transponder which had been disabled after successful identification
could be turned on again when the position of the null moves, providing

an extra signal and thus causing an incorrect count.

In order to overcome this problem, an interrogator is provided which
transmits interrogation signals at at least two different frequencies,
either simultaneously or intermittently. For example, frequencies at 750
MHz and 915 MHz can be employed. These frequencies are chosen so
that there is no location within the interrogation zone where there is an

e signal
, While
onder,

ct bit

. RF null at both frequencies, as indicated in Figure 3. Since the

transponders are powered by rectifying received RF energy from the
interrogation signals, and as RF energy will be present at each location
in wne interrogation zone from at least one of the interrogation signals,
the transponders will remain powered continuously, and will be able to
remember a "disable instruction” received from the interrogator after

successful identification.

In the case where the different interrogation signals are not all
transmitted continuously and simultaneously, the interval between
successive transmissions must be less than the minimum period within
which disabled transponders reset themselves automatically.



result will be ignored. Frequently, the transnissions fromindividual
transponders will be "jamred" by overl appi ng trfamsm-ssians _from ot her

transponders, so that the received signals wll HSPLMMENW@EEF,- t her of

t he checking/verification steps. However, whenjaftra er~si ghal is
received during a "quiet" period when other trangp npt
transmtting simultaneously, it will be verifigd ?r@ggﬁe?%%sutlng data is
fed to the m croprocessor 74 for identifiigatio sount.jn f fthe article

to which the transponder is attached. The abovle descri bed systerhexploits
the fact that | Simcedbe tranapomdens moslutdte their idendity 00 B ginge _

L ansponder o 0o HbtCHeRRTHIOE (iHaFCE TG ARt anten ar By FHLANE LPHSFRBBR! ogr at &
circuit producedsifhedreceived interrogation signal energy, modulated with the
identification code, this data will be transferred on both frequencies for
those tags which are illuminated by both “interrogation signals
simultaneously, and only on one frequency in the case of those
‘transponders which are located in the null of one or the other
interrogation signal. From this, the interrogator can recognise

transponders responding on one or both frequencies.

A system for implementing this embodiment of the invention is
illustrated schematically in Figure 4. In this system, the interrogator
comprises an interrogator/controller unit 28, a first transmitter 30 with
an associated antenna 32, and a second transmitter 34 with an associated
antenna 36. Tags or transponders 38 are shown spaced about within an
interrogation zone which is adjacent to a reflective surface 40. Nulls or
areas of low RF field intensity 42 and 44 which are spaced apart from

one another and do not overlap are shown schematically.

A number of practical applications of the present invention present
themselves. In one application, the system is used in a supermarket to
automate the check-out procedure, obviating the need for manual
scanning or entry of priées using a cash register. In another application,
the contents of a store room, warehouse or a truck, for example, can be
determined without unloading or unpacking. In another application,
| articles such as books in a bookstore or library, or compact discs in a
music store can be identified and counted, in an automated stock-taking

- process.

It will be appreciated that these examples are merely exemplary, and

many other applications of the invention are possible.
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A practical embodiment of the abovementioned supermarket check-out

of the invention will now be described in more detail.

Figure 5 shows an interrogator according to the invention which is
installed at a supermarket checkout, and which is designed to scan the
contents of a supermarket trolley 46 which is passed through an antenna
}mit 48 of the interrogator. The interrogator includes a till or control
unit 50 which has a keyboard or keypad 52, a display 54 and an invoice
printer 56. The interrogator/control unit 50 is operated by a cashier or
check-out assistant, as in a conventional supermarket.

The antenna assembly 48 of the interrogator is shown pictorially in -
Figure 6, and is seen to comprise a frame of welded tubular sections

which supports three separate antenna units 58, 60 and 62.

The frame which supports the antenna units is sized so that the trolley
46 passes under the upper antenna unit 60 and between the left and .
right side antenna units 58 and 62, which are oriented to define an

interrogation zone which is sufficiently large to cover the interior of the

“trolley as it is pushed past the antenna units. The antennas of the

different antenna units are polarised differently from each other, to cater
for the fact that articles in the interrogation zone may be oriented
randomly, so that their transponder antennas will also be polarised

randomly

Inside the trolley are various articles 64 which are groceries including
bottles, boxes and other containers, as well as larger items which may
not be contained in a box or other container, but which are identified by

means of a tag, sticker or label, for example.

Each article 64 in the trolley 46 has a transponder embedded therein or
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in the _trolley may be identical, and will therefore have transponders with

identical codes.

The three antenna units 58, 60 and 62 operate at different frequencies.
‘The left side antenna unit S8 operates at 915 MHz, the right side
antenna unit 62 operates 910 MHz, and the upper antenna unit 60
operates at 920 MHz.

Each antenna unit 38, 60, 62 comprises a transmitting antenna and a
receiving antenna. The transmitting and receiving antenna are identical.
Each antenna is a microstrip patch array (see Figure 7) comprising four
square patches 66 which are interconnected. The transmitting and
receiving antennas are E-plane polarised and in the prototype
installation were formed oﬁ Diclad type GY870 printed circuit board
material, which has a copper cladding with a thickness of 3.2mm, and a
substrate with a dielectric constant of 2.33 and a dissipation factor of
- 0.0012. The antenna patches 66 were 104 mm square, and each patch
array was 406 mm square. Figure 8 is an E-plane radiation pattern for
the microstrip patch array at 915 MHz, showing its relatively directional

characteristics.

Figure 9 is an overall block diagram of the interrogator of the system,
showing the antenna units, 58, 60 and 62 and their associated electronic
circuitry., The transmitting antennas of each antenna unit 58, 60 and 62
are driven by respective transmitters 68, 70 and 72 which operate at
centre frequencies of 910 MHz, 915 MHz and 920 MHz (that is, 5§ MHz
apart). The transmitters 68, 70 and 72 are controlled by transmitter

control signals generated by a microprocessor-based control unit 74
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transmitter) modulated by signals addressing particular transponders,

particular groups or types of transponders, or all transponders.

The receiving aatcnna of each antenna unit 58, 60 and 62 is connected
toa respective caVity tuned filter 76, 78, 80 which is tuned to the same
frequency as the respective transmitter (that is, 910 MHz, 915 MHz or
920 MHz). The outputs of the filters 76, 78 and 80 are fed to respective
quadrature receivers and amplifiers 82, 84, 86, together with signals from
the respective transmitter which are derived from the local oscillator of
the transmitter, and a 90° phase shifted version of the local oscillator -
signal. The respective quadrature receiver/amplifiers generate data
output signals which are fed to a combiner circuit 88, which combines
the data signals in a synchronised manner and which feeds a composite
data signal to a phase locked loop and code extraction circuit 90, which
~ extracts the codes contained in the received transponder signals and

feeds them to the microprocessor 74.

The operation of the quadrature/receiver amplifiers 82, 84 and 86 is
described below in greater detail with reference to Figure 10, which is
a block diagram of a single quadrature receiver/amplifier, and Figure
11, which is a waveform diagram indicating the waveforms present at

various points in the circuit of Figure 10.

The transmitters 68, 70 and 72, the cavity tuned filters 76, 78 and 80, the
quadrature reciever arnplifi_ers 82, 84 and 86, and other associated RF
components are housed in the housings of the respective antenna units
58 60 and 62. The antenna units are connected to the combiner 88 and
the microprocessor 74 in the housing of the till 50 by cables 64. The
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processing circuitry of the interrogator, and also supply electrical power

to the antenna units.

After being powered up by the received interrogation signals, the
transponders attached to the articles 64 in the trolley 46 begin to
respond, transmitting their own identification codes back to the
’ihterrogator by modulating the received interrogator carrier frequency,
as described South African patent applicaﬁon no. 92/0039. Because
each transponder is a relatively wide band device, and has an antenna
which is typically designed to receive signals from 800 MHz to 1 GHz,
the transponders can respond to one or more of the signals transmitted .
by the respective antenna units, at their different freque'ncies. The
transmitters of the interrogator must, of course, transmit at frequencies
within the reception bandwidth of the transponder (in this case, at -
frequencies between 800 MHz and 1GHz).

The circuitry of the transponder is designed to change the effective input
impedance of the transponder circuit when the transponder is
_transmitting its identification code at its onboard oscillator clock rate
(typically 10 kHz), thereby changing the termination and reflectivity of
the transporider antenna accordingly. Thus, a portion of the received
interrogation signal is reflected back to the interrogator antenna,
modulated with the transponder’s own output signal. In this mode of
operation, it is possible that the interrogation signal from the
interrogator can be received by the transbonder at one, two or all three
different frequencies used by the respective antenna units 58, 60 and 62,
and the transponder will reflect a modulated signal back to each antenna
unit at the different respective frequencies. It makes no difference to
the operation of the transponder whether it is illuminated by one or
more different frequencies, and the reflected signals at the respective
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associated circuitry, and because the data modulation bandmdth of the
interrogation signals is typically selected to be between 10 kHz and 100
kHz, substantially less than the spacing between the different

interrogation frequencies.

A transponder response signal received by any of the antenna units is
fed via the respective receiving antenna and its associated cavity tuned
filter to a mixer/filter circuit 92 where the received signal is mixed with
a local oscillator signal obtained from the associated transmitter to
extract the baseband transponder response signal. The mixer/filter
circuit 92 includes a low pass filtér to eliminate higher frequency
products which result from different frequencies of adjacent interrogator
transmitters. The output of the mixer/filter circuit 92 is a signal A (see
Figure 11) which is fed to a high pass filter 94, where code transitions
in the transponder response signal are extracted by means of pseudo-
differentiation. The response signal is indicated at B in Figure 11.

" The demodulated baseband transponder response signal A varies in
strength as well as containing inherent low frequency noise due to the
doppler shift of the interrogation signal carrier frequencies as objects
move in the interrogation zone. The high pass filter 94 filters out the
low frequency noise, passing only the relatively high frequency transitions
of the code and effectively amplifying the resulting "spikes". These
transition "spikes” are further amplified by an amplifier circuit 96,
resulting in the amplified signal C of Figure 11. The signal C is then
passed through a full wave rectifier 98. The resulting full wave rectified
signal is labelled D1. The received transponder response signal is
passed through an identical receiver circuit, but the mixer/filter circuit
92’ thereof is fed with a phase shifted version of the local oscillator
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The outputs of the full wave rectifier circuits 98 and 98’ are added
together in a summing circuit 100 to generate a composite waveform E.
Where transitions or "spikes” occur together, the summed output is
: relatively large, while where only one weak signal occurs the summed
output is relatively small. The purpose of the dual receiver arrangement
is to deal with the situation where a received signal is not detected due
to the received signal being exactly in phase with the local oscillator
reference signal from the transmitter. By using an additional phase
shifted local oscillator signal in a duplicate receiver channel, at least one
of the signals D1 or D2 will generate a strong output from a received

signal.

The output of the summing circuit 100 is fed to an amplifier 102, which
feeds the amplified combined signal to a noise limiter circuiter 104
which is set to generate output clock pulses when it receives input pulses

~ above a reference threshold. These clock pulses are fed to a D-type
flipflop 106 which generates an output F, which is the received
Manchester code format signal received from the transponder. The
codes of the transponder response signals are so arranged that the first
bit of a transponder message is always a Manchester "1, which
corresponds with the format of the codes which are regenerated by the
flipflop 106.

In the waveform diagram of Figure 11, the waveforms D1 and D2
correspond to signals received from a transponder which are slightly
different in amplitude. When summed together to produce signal E, the
"spikes" of the signals D1 and D2 are added to become relatively strong



22 decoding and control circuitry 118 of the at-of—~—Thls circuitry
also controls a second transmtter 120 whicham#éé Hm%aHﬂﬁt nna 122
which is less directional than the antenna 112,{ to transmt i nhi biting
beam (beam 2). Due to the higher power and ngrrlo P nﬁ97“3 of the
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and is transm-tted ov a much greater volune, so that Its
nor mal | y -signals. I ‘the signals are sufficiently large in amplitude to exceed a’

threshold 108 of the noise limiter circuit 104, a Manchester code output

transition F is generated.

Each of the antenna units and its respective transmitter and receiver
circuitry operates similarly, so that each of the quadrature
receiver/amplifiers 82, 84 and 86 can pick up a response signal from a
: fransponder, using its own interrogation frequency and its own antenna

polarisations.

In this regard, the situation can arise that articles which are placed in
the trolley 46 have transponders with antennas which are polarised
differently, due to being tossed in the trolley into a random manner. In
the case of articles packed in a truck or a storeroom, the articles might
be packed in a consistent manner, but the antennas of the transponders
on the articles might be horizontally polarised, whereas a single
interrogator antenna might be vertically polarised and would therefore
not "see” the transponders. However, in the illustrated arrangement, the
use of three different operating frequencies, together with differently
. polarised antennas, ensures that the transponders within the trolley are
generally illuminated by at least two different interrogation frequencies

simultaneously, if not all three.

Metallic objects such as tin cans within the trolley can partially screen
the trolley contents from one of the antenna units. However, in most
cases the other two antenna units will normally illuminate the
transponders in question. If the polarisation of one of these antenna
units is incorrect for the transponder in question, the remaining antenna '
unit should detect the transponder. Obviously, it is conceivable that the
situation could arise where a transponder was completely shielded from
all three of the antenna units. However, this is unlikely in practice. In
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control circuiinteriggation zone, further antenna units could be provided.

In the example described above, for example, a further antenna unit
could be provided below the trolley, either in addition to or instead of
the upper antenna unit. The antenna assembly could define a bay in
which the trolley is temporarily "parked", instead of a "tunnel" through
gwhich the trolley is pushed. This would facilitate placing a further

antenna unit at the inner end of the bay.

The Manchester code data which is generated by each quadrature
receiver/amplifier 82, 84 and 86 is fed to a combiner circuit 88 which
comprises a circuit which adds the three incoming waveforms in an
analogue style to form a single combined response signal. The circuit
is followed by a comparator and a single flipflop, for regenerating a
single Manchester code as described previously. The output of the
combiner circuit 88 is therefore a Manchester code containing 64 bits of

information and always starting with a "1"

- The output of the combiner circuit is fed to the phase locked loop circuit

90 and to the microprocessor 74, which extracts the information from the

 received code as described in South African patent application no.
93/6267. The microprocessor extracts the transponder identification

code from the received signal, verifies that the code is a valid number
by means of parity checking or CRC checking, and processes the number

according to the relevant application.

If the microprocessor 74 decides that a transponder has been validly
identified, whether on only one or on two or more interrogation
frequencies, the transmitters 68, 70 and 72 are instructed synchronously

to modify their respective interrogation signals, for example by

successful |y detected,
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I nt ended.
interrupting their output signals completely or by reducing their output

power by a predetermined amount, a certain time after successful
reception of the transponder response signal. This process is ca;ried out
in accordance with the system described in South African patent .
application no. 93/6267, the contents of which are incorporated herein

by reference.

In the situation where one of the receiver circuits receives a response
signal from one transponder which is not "heard" by the other two
antennas, while those antennas at the same time receive signals from
another transponder, the signals added together in the combiner will not
be of the correct bit length or contain the correct valid code and as a
result will be ignored. Frequently, the transmissions from individual
transponders-will be "jammed" by overlapping transmissions from other
transponders, so that the received signals will not pass one or other of
the checking/verification steps. However, when a transponder signal is
received during a “quiet” period when other transponders are not
transmitting simultaneously, it will be verified, and the resulting data is
fed to the microprocessor 74 for identification and counting of the article

to which the transponder is attached.

The above described system exploits the fact that low cost transponders
of the kind in question use wide tolerance components, which allow
good yields in manufacture. These transponders do not include tuned
circuits and comprise a single integrated -circuit produced in a
conventional integrated circuit foundry. The antenna of the transponder
determines its frequency response characteristics, and can be designed
for a relatively wide bandwidth. These transponders can then be
interrogated on several different frequencies simultaneously, using
relatively narrow bandwidth interrogator transmit/receive antennas, so
that the transponders modulate one or several interrogation signals
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When all of the transponders in the trolley 46 have been suécessfully
identified, which can typically take less than one second, the
microprocessor 74 passes the data to the till S0, which generates a print
- out which can take the form of the sample print out shown in Figure 12,
by associating the received transponder codes with information in a price
- look-up table. The nature of each article in the trolley is indicated, as
well as the price per article, the number of articles, the subtotal, and the
total price of all the articles in the trolley. The microprocessor 74 or the
till 50 itself can store the price look-up data, which can be updated
periodically, for example daily. Alternatively, the microprocessor 74 or
the till 50 can be connected online to a central computer, which provides

updated price look-up data on an ongoing basis.

The information in the sample print out of Figure 12 can be displayed
on the screen 54 of the till 50, and is reflected on a paper print out
generated by the printer 56, which serves as the customer’s receipt.
Payment can be made by the customer in a conventional manner.
However, the automatic generation of a receipt by the described system
| lends itself to automatic billing of clients who have an account with the

retailer in question.

A further application of the present invention is illustrated in Figures 13
and 14. This embodiment of the invention can be applied in stock
taking, for example in a book store or a store selling compact discs and
"cassettes. In such an application, each item of stock in the store,
whether it be a book, a compact disc or a cassette, has a transponder
fixed to it which identifies the article in question. Using the
identification system described in South African patent applications
92/0039 and 93/6267, and using a hand-held interrogator unit or
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ready to respond againto an interrogation signal.

A problem may arise in that transponders which have already been
interrogated and shut down are reset in this way, and are then
accidentally re-illuminated by the beam of the interrogator, so that they

- are recounted, resulting in stock taking errors. To deal with this possible
problem, a hand-held interrogator 108 is provided which transmits a
first, narrow interrogator beam (beam 1) and a second wide angle
inhibiting beam (beam 2) simultaneously, at different frequencies. The
interrogating beam (beam 1) typically has a beam width of
approximately 1Scm at its maximum operating range of 4 m, and is
transmitted at a frequency of 915 MHz, and at a power of 6 watts. The
inhibiting beam (beam 2) is much broader or more widely dispersed, and
has a beam width of approximately 4 m at the same operating distance.
The ratio between the width of the inhibiting beam and the interrogating
‘beam is at least 5 to 1, and preferably greater than 10 to 1. In the
above example, the ratio is greater than 20 to 1. The inhibiting beam
is transmitted at a lower power, typically 3 watts, and at a different
frequenc} (in the prototype system, at 900 MHz).

~ Figure 14 shows, in a simplified schematic diagram, part of the circuitry
used by the hand-held interrogator 108. The circuitry includes a 915
MHz transmitter 110 with a directional transmitting antenna 112 which
transmits the interrogating beam (beam 1). The interrogator includes
a directional receiving antenna 114 (which may be separate or which
may be the same antenna as the antenna 112) which feeds a receiver 116

with received transporider response signals, which are fed to the
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controls a second transmitter 120 which an associated antenna 122 which
is less directional than the antenna 112, to transmit the inhibiting beam
(beam 2).

Due to the higher power and narrower beam width of the interrogating
‘beam (beam 1), this beam provides sufficient power to the transponders
" illuminated by it to power them up and to cause them to transmit
response signals, The inhibiting beam (beam 2) has a lower power and
is transmitted over a much greater volume, so that its power is normally
insufficient to activate transponders which are currently inactive.
However, it transmits sufficient power to prevent successfully detected,
disabled transponders from powering down completely, thus preventing
them from resetting when the interrogation beam (beam 1) moves away’

from them.

Transponders which are very close to the interrogator unit 108 may
receive sufficient power from the inhibiting beam to be powered up and
to transmit response signals as a result. However, these response signals
will comprise the 900 MHz carrier of the inhibiting beam, modulated
with the transponder response code, which will not be detected by the
915 MHz narrow band receiving antenna 114.

When a transponder is successfully detected, the control circuit 118
generates a "gap" or turn-off signal which is applied to both the
transmitter 110 and the inhibitiﬁg transmitter 120, so that the outputs of
both transmitters are briefly interrupted to turn off the relevant
transponder. The turn-off signal is applied to the transmitter 120 as
well, to cater for the possibility that the inhibiting beam (beam 2) is
sufficiently strong due to the closeness of the transponder to the

interrogator 108, to prevent the transponder from turning off as
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I nterrogation signals. 5. An identification systegmlacgQqr n one of
* intended.

It can be seen that the above described system also exploits the relative
frequency insensitivity of the transponders to provide a more accurate

reading or interrogation operation.

It is not essential that the inhibiting beam or signal be transmitted from

* the portable interrogator 108. In some installations, it may be
convenient to provide a completely separate transmission system for the
inhibiting signal.



1 to 4 wherein the transmtting means of the transponder conpri- ses an

ant enna and neanrs—for—npdulating the reflectivity of the antenna,

signal carrier
6: An identifi
the transmtter

e response siﬂnal of the transponder conprises one or_nopre inte

apart transmitting antenna el ements and_the recei Jer| 28
| east two spaced apart receiving ant enn® el enent s. '. An identifi

so t hat
gation

vhér ei n

wlﬂ!mﬂm,lm he data which | defl bfpaREMERT LSHEES phnder .

r'ding to any one

means of the interrogator conpri - sés at Ieagh%i ) $paced
| 9

$eg at

afti on

system accordi}g&mgny one of claiml to 5 whereijn the transmtter {nmeans

and the recei

L)

s conp-

An identification system comprising an interrogator and a
plurality of transponders, the interrogator including transmitter
means for transmitting at least two independent interrogaiion
signals to the transponders, receiver means for receiving response
signals from the transponders, and processor means for
identifying the transponders from data in the response signals;
each transponder comprising receiving means, a code generator,
and transmitting means connected to the code generator, so that
on receipt of at least one of the transmitted interrogation signals
the transponder transmits a response signal containing data which

identifies the transponder.

An identification system according to claim 1 wherein the
transmitter means of the interrogator is adapted to transmit the

at least two interrogation signals continuously.

An identification system according to claim 1 wherein the
transmitter means of the interrogator is adapted to transmit the
at least two interrogation signals intermittenﬂy, with an interval
between successive interrogation signals which is less than a
minimum period within which transponders which have been
disabled by a disable instruction in an interrogation signal reset

themselves automatically.

An identification system according to any one of claims 1 to 3
wherein the at least two interrogation signals have respective
different frequencies which are selected to fall within the
reéeption bandwidth of the receiving means of the transponders.
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rise at least two spaced apart antenna units,
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8. An identification systemaccording to clains 4
el'enent conpris MJ designed to opeate at a frequehc
800 MHz and 1 Gﬁlllmmmu ﬁ“lcatlon syst em ac¢or2iOmiER d9%nhy| o

clains 6 to 8 whérefn 'at " edst "two of the respedtilve transmttj

each antenna_unit.conpri sing

g

ag

el enent .
h ant enna
/ bet ween
he of
and

recei ving antenna el ements are polarized differgntTy from one anof her.

5.

25

An identification system according to claim 4 wherein the at least
two interrogation signals are relatively narrow bandwidth signals,
the receiving means of each transponder having a relatively broad
reception bandwidth within which the respective different
frequencies of the at least two interrogation signals fall, so that
the transponder is responsive to any one or more of the

interrogation signals.

An identification system according to claim 5 wherein each
interrogation signal is modulated with data, the data modulation
bandwidth of each interrogation signal being less than the spacing
between the respective different frequencies of the interrogation

signals.

An identification system according to any one of claims 1 to 6
wherein the transmitting means of the transponder comprises an
antenna and means for modulating the reflectivity of the antenna,
so that the response signal of the transponder comprises one or
more interrogation signal carriers modulated with the data which

identifies the transponder.

An identification system according to any one of claims 1 to 7
wherein the transmitter means of the interrogator comprises at
least two spaced apart transmitting antennas and the receiver

means comprises at least two spaced apart receiving antennas.

An identification system according to claim 8 wherein the
transmitter means and the receiver means comprise at least two
spaced apart antenna units, each antenna unit comprising a
transmitting antenna element and an adjacent receiving antenna

element.
This Sheet Has Been R,
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REPLACEMENT SHEET - 26- 10. An identification systemaccording to any one
of claims 1 to 9 wherein the transmtting neans of the interrogator conp-

rises a transmtting antenna el enment, at |east fFrr=st 3
transmtters for ,Hmmm m& u ﬂ rogation si gna d‘@i@%@%@ﬁgﬁgﬁe di fferent
f requenci es, and r ﬂl, switching the out- puts of the
transnmitters alternafely t' the*transmitting an A FEBetldit ¢ 1. An

i dentification systemaccording fo any one of cla m; 1 to 10 wherkin the
transmtter neans and the receiver nmeags of :

10.  An identification system according to claim 9 wherein each
antenna element comprises a patch array designed to operate at
a frequency between 800 MHz and 1 GHz.

11.  An identification system according to any one of claims 8 to 10
wherein at least two of the respective transmitting and receiving

. antennas are polarized differently from one another.

12.  An identification system according to any one of claims 1 to 7
wherein the transmitting means of the interrogator comprises a
transmitting antenna, at least first and second transmitters for
generating interrogation signals at respective different
frequencies, and switch means for switching the outpuis of the

transmitters alternately to the transmitting antenna.

13.  An identification system according to claim 12 wherein the
receiver means and the processor means of the interrogator are
adapted to distinguish response signals from transponders in
response to interrogation signals transmitted at the respectivé
different frequencies of the at least first and second transmitters.

14.  An identification system according to claim 13 wherein the
processor means is adaped to detect duplicate transponder
response signals transmitted on two or more of the respective

different frequencies and to disregard them.

15.  An identification system according to any one of claims 8 to 14
wherein the transmitter means and the receiver means of the
interrogator are mounted on or adjacent to a structure which

defines an interrogation zone through which the transponders to

be identified may be passed.
ThlS Sheet Has Been R
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t he mterrogator are or adj acent t%__a__s_t_ructure whi ch defines an

i nterrogation Zzone thro the t ransponglepspitherh
passed. 12. An gmm‘“ﬂ\ stem accordin il
transmtter sver means of thefinterrogatio e supported
by a frane def| ni*ng ‘a bassage t hr ough whi ch af cpn2 & EEBn9g7cantfai ni ng
articles to which respective transponders are t ached can pds 13. An
i dentification systemaccording to a% one off clainms T 10 IZ"wWjerein the at
| east two interrogation signals have“’es- pech—' ve-different frequencies
whi ch are sgkect e e r u e electrlc
ARSI, t%é’ i nt@%r ﬁ;ﬁzﬁ’ﬁ@&:ﬁ EfRteth CadlBr kg 0P RBIiRY 19V ivhérdin 3

transmitter means and the receiver means of the interrogation

are supported by a frame defining a passage through which a
conveyance containing articles to which respective transponders

are attached can pass.

17. . An identification system according to any one of claims 4 to 13
wherein the at least two interrogation signals have respective
different frequencies which are selected so that there are no
overlapping nulls in the electric fields of the interrogation signals

. within a predetermined distance of the transmitter means of the

interrogator.

18.  An identification system according to any one of claims 1 to 17
including processor means for recording data received from each
identified transponder and for relating the received data to stored

data corresponding to the received data.

19.  An identification system according to claim 18 wherein the
processor means is adapted to store price or identification data
of articles to which different transponders are attached, and to

relate the identification codes of identified transponders thereto.

' 20.  An identification system according to claim 19 including display
means for generating a display in which descriptions of the

articles to which respective transponders are attached are

associated with price data.

21.  An identification system according to claim 20 including printer

means for generating a printout of the display.
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gation signals within a predeterm ned di stanc YATehbt -] ter nmeans
n%éﬁ%@@ﬂ F&I Z‘ -Ib any one of
ta

of the interr An identification sy
m means for fe¢ording data re-| ceived from
W“ml\g ﬂ for relatlngih« meg B w98 dath to stored
dat a correspond 0 the récelfved data. 15. An |dent|f|cat|o Syst em
according to claim 14 where- in the processor {nEans—TSs adapre 0 store
price or identifica- tion data of arti@ges tojwhich different tlansponders

are atta- ched, and to relate the |dent|f|cat|on codes of identified trans-
ponder s t her 628. An identifi ication system comprising an interrogator and a

clains 1 to 13 |
each identified

Q

plurality of transponders, the interrogator including transmitter
means for transmitting an interrogation signal and an inhibiting
signal having respective different frequencies to the transponders,
receiver means for receiving response signals from the
transponders, and processor means for identifying the
transponders from data in the respdnse signals; each transponder
comprising receiving means for receiving the transmitted
interrogation signal and the inhibiting signal, a code generator,
and transmitting means connected to the code generator, the
respective different frequencies of the interrogation signal and
the inhibiting signal being selected to fall within the reception
bandwidth of the receiving means of the transponder, the
transponder being adapted to transmit a response signal
containing data which identifies the transponder on receipt of the
interrogation signal, to be disabled by a turn-off instruction in the
interrogation signal on successful identification of the
transponder, and to remain disabled while it continues to receive

the inhibiting signal.

23.  An identification system according to claim 22 wherein the
interrogation signal is a relatively directional signal, and the

inhibiting signal is a relatively widely dispersed signal.

24.  An identification system according to claim 23 wherein the
inhibiting signal has a beam width which is at least 5 times

greater than that of the interrogating signal.

25..  An identification system according to any one of claims 22 to0 24
wherein the interrogation signal is a relatively high power signal

and the inhibiting signal is a relatively low power signal.

This Sheet Has Been Replaced




REPLACEMENT SHEET - 27 - 16. An identification CO ng— o claim15
VEreHESECti pti- ons

i acl u- ding display neans for generating a displ

of the articl espﬁ%n\h"ree-pec,u@ transpondefsfare attached ar e
associated with ﬂ, 7. An identificatiof syg aggyor i pg to claim
16 inclu- ding p m” m ugeneratl ng a prigntout of the fipplay. 18.
An identification® syst em ng an interrogator—antd—a—ptural jty of

t ransponders, the i nt errogator I ncl udi ng :

26.  An identification system according to any one of the claims 22 to
25 wherein the turn-off instruction to the transponder is
transmitted in both the interrogation signal and the inhibiting

signal.
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transmtter nmeans for transmtting an interrogati

t ransponders, receiver neans for receiving respons
transponders, and processor neans for identifying
data in the response signals; each transpon- der do
méans, a code generator, and transmttin. neans cgn
generator, so that on receipt of the Tr%%sh1tted I jnt
transponder transmits a response si gnal contarnrn
the transpon- -der; chara
trans- mits a pIuraIrty

t ransponder g fjrom
r2§ REBrBgeai \fi rjg
ected to the qode
errogation signgl the

or transmtter
signals at a a

plurality of frequencies, each transponder transmts a res-

ABSTRACT

An identification system comprises an interrogator and a plurality of

transponders. The interrogator includes a transmitter which transmits .

, at least two independent interrogation signals to the transponders, and

a receiver for receiving response signals from the

transponders. The

interrogator also includes processor means for identifying the

transponders from data in the received response signals. Each

transponder comprises receiving --means, a code generator, and

transmitter means connected to the code generator. On receipt of at

least one of the transmitted interrogation signals the transponder

transmits a response signal containing data which

identifies it. The

interrogation signals may be transmitted continuously or intermittently.
In a preferred embodiment, the interregation signals are relatively
narrow bandwidth signals at different frequencies. The receiving means
“of each transponder has a relatively broad reception bandwidth so that
the transponder is responsive to one or more of the interrogation signals. -

FIGURE 2.
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- 28 - frequencies of the interrogation signals

fall, so that the trans-

ponder is responsive to any one or nore of the interrogation sig- nals.
An identification systemaccording to claim20 wherein each interrogation

signal is nodulated with data, the data nodu- | at

i.nterrogation signal being |less than the spacing
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22. An identification systemaccording to any one of clains 18 to 21

whérein the transmtting nmeans of the transponder conp- rises an antenna
and nmeans for nodulating the reflectivity of the dnt i A He
response signal of the transponder conprises one ar ﬁp@ﬁmﬁﬁéﬁﬁion
signal carriers nodulated wwth the data which identijfi es the trangpgnder
23. An identification systemaccording to any one jof] c28 REB11997 0 {22
wherein the transmtter neans of the intgrroga- tagr jconprises at ljegst two
spaced apart transnmitting antenna el e- nents and tfhe recerver neans

conprises at |east two spaced apart receiving ant
I dentification systemaccording to any one of clains
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18 to 22 wherein the transmtter neans and the receiver neans conprise at

| east two spaced apart antenna units,

each ant enng—t#+ \,uum]l 3 Eg
transmtting antenna el enment and an adj acent rece vBEﬁj.A§E\M5 éé,ﬁ nt. 25.

An identification systemaccording to clains 23 o
el ement conprises a patch array designed to oper at
800 MHz and 1 GEz. 26. An identification system ac
claims 23 to 25 wherein at |east two Qf 4t he resped
recei ving antenna el enents are polarized different
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- 29 - 27. An identification systemaccording to claim23 wherein the
recei ver neans and the processor neans of the interrogator ar adapted to

di stingui sh response signals fromtransponders ip-tesponse to interrogation
S|gnals transnmitted at the respective different fﬁERMQHMM%ﬁ‘gﬁ : at | east
fi'rst and second trans- mitters. 28. An identififcgtion—sysi-e acgcegrding to

cl ai m 27 wherein the processor neans is adapted tc ggbe ct du Iléa e
transponder response signals transmtted on twofor &R W respective

& '

S22
— ——y, NS W—
Py N rx X
L~ L~
-~ /’/,
// ~
// //
A A"
g »4
= 72
< oMz | =
7a
1 2
910ME CAVITY . $200MEs CAVITY {{ 10,10 +90
TUNED FLTER : ' TUNED FLTER
w
QUADRATURE QUAD!ATURB
RECEIVER RECEIVER
AND AND
AMPLIFIER AMPLIFIER
, [4
_J DATA CHI J DATA CH2 DATA CH3
=z a4 ) oS
COMBINER
i oo
PILL &
CODE
EXTRACTION |~ <9~
/e 4
$ . )
MICROPROCESSOR TSI

| COMPUTER SYSTEM /TILL |

— S
Figure 7 2




different frequencies. 29. An identification systemaccording to claim?27
wherein the processor neans is adapted to disregard transponder response
signals transmtted on two or nore of the respective different—freguencies.

30. An identification systemaccording to any on
wherein the transmitter neans and the receiver
are nounted on or adjacent to a structure which

zone through which the transpon- ders tq he iden{if
elein_the trans

An identification systemaccording to claim 30
means and the receiver neans of the interrogatio
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are supported by a frame defining a passage through which a con- veyance

gontaining articles to which respective transp
32. An identification systemaccording to any

wherein the interrogation signals have respecti
Which are selected so that there are no over-
. fields of the interrogation signals wthin a priedet

transm tter neans of the interrogator. 7
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1. An identification system comprising an interrogator and

a plurality of transponders, the interrogator including trans-

mitter means for transmitting an interrogation signal to the

transponders, receiver means for receiving response signals from

the transponders, and processor means for identifying the trans-
ponders from data in the response signals; each transponder com-

prising receiving means, a code generator, and transmitting means

connected to the code generator, so that on receipt of the

transmitted interrogation signal the transponder transmits a

response signal containing data which identifies the transpon-

der:;

characterised

in that the interrogator being adapted to

disable any transponder, the interrogator transmits at least two

intermittent interrogation signals, with an interwval between

successive interogation signals which is less than a minimum pe-

riod within which transponders which have been disabled reéet

themselves automatically.

2. An indentification system according to claim 1 wherein

the at least two interrogation signals have respective diffe-

rent frequencies which are selected to fall within the recep-

tion bandwidth of the receiving means of the transponders.

3. An identification system according to claim 2 wherein

the at least two interrogation signals are relatively narrow

bandwidth signals,

the receiving means of each transponder ha-

ving a relatively broad reception bandwidth within which the

respective different frequencies of the at least two interro-

gation signals fall, so that the transponder is responsive to

~any one or more of the interrogation signals. .



the articl es to—whi-ch-respective transponders are attached are associ at ed
wi th price dat qmﬂi An identification systemaccording to claim 35 includ-

ing printer ne H”‘”gmmwng a printout of the di spl ay. 37. An
It?ggts;)];lnggﬁls?nt he i nt err'égast or i nglnulciintrlgr{?gﬁts(r;'rt?(g? ?Peé)?lhg&%?hfﬁgﬁg% tting
an interrogation signal to the transponders, receiver nmeans for receiving
response signals fromthe transponders,2%and processor neans for identifying
t he transponders f4.0Andixiemtiniédraonespotee ascginhing; teadhin rawvepoader
conprising receiving neans for receiving the transmtted interrogation
signal, a Codéa%rf@gafﬁ?qat&ﬁﬂ signal is modulated with data, the data mo-
dulation bandwidth of each interrogation signal being less than
thé'spacing between the respective different frequencies of the
interrogation signals.
5. An identification system according to any one of claims
1 to 4 wherein the transmitting means of the transponder compri-
ses an antenna and means for modulating the reflectivity of the
antenna, so that the response signal of the transponder comprises
one or more interrogation signal carriers modulated with the data
which identifies the transponder. |
6. An identification system according to any one of claim _
1l to 5 wherein the transmitter means of the interrogator compri-
ses at least two spaced apart transmitting antenna elements and
the receiver means comprisés at least two spaced apart receiving
antenna elements. .
7. An identification system according to any one of claim
1l to.s wherein thé transmitter means and the receiver means comp~
rise at least two spaced apart antenna units, each antenna unit
comprising a transmitting antenna element and an adjacent receiQ
ving antenna element.
8. An identification system according to claims 6 or 7
wherein each antenna element comprises a patch array designed

to operate at a frequency between 800 MHz and 1 GHz.

9. An identification system according to any one of claims
6 to 8 wherein at least two of the respective transmitting and

receiving antenna elements are polarized differently from one

another.



transm ttLngLJnaans~4xy4nee%{x}—to t

adapted to transmt_ a
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| 0@ OCT 19989 jdata which identifies the
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and that a dlsableg)tranggondgfcrenalns i sabled.while it con-_tinyes
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ation system according to any one of claims

1 to 9 wherein the transmitting means of the interrogator comp-
rises a transmitting antenna element, at least first and second
transmitters for generating interrogation signals at respective
different frequencies, and switch means for switching the out-
puts of the transmitters alternately to the transmitting an-
tenna element;

11. An identification system according to any one of claims
1 to 10 wherein the transmitter means and the receiver.means of
the interrogator are mounted on or adjacent to a structure which
defines an interrogation zone through which the transponders to
be i§entified may be passed.'

12;“An idéntification system accordiﬁg to claim 11 wherein
the transmitter means and the receiver means of the interrogation
are supported by a frame defining a passage through which a con-
veyance containing articles to which respective transponders are
‘attached can pass.

13. An identification system according to any one of claims
1 to 12 wherein the ét least two interrogation signals have res~
pective different frequencies which are selected so that there
are no overlapping nulls in the electric fields of the interro-
gation signals within a predetermined distance of the transmit-

ter means of the interrogator.

14. An identification system according to any one of
claims 1 to 13 including processor means for recording data re-
ceived from each identified transponder and for relating the re-
ceived data to stored data corresponding to the received data.
15. An identification system according to claim 14 where-
in the processor means is adapted to store price or identifica-
tién data of articles to which different transponders are atta-
ched, and to relate the identification codes of identified trans-

ponders thereto.
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ding display means for generating a display in which descripti~-

ons of the articles to which respective transponders are attached
are associated with price data. .

17. An identification system according to claim 16 inclu-
.ding printer means for generating a printout of the display.

18. An identification system comprising an interrogator
and a plurality of transponders, the interrogator including
transmitter means for tgansmitting an interrogation signal to
the transponders, receiver means for receiving response signals
from the transponders, and processor means for identifying the
transpanggrs from data in the response signals; each transpon- )
der comprising receiving means, a code generator, and transmittin
means connected to the code generator, so that on receipt of the
transmitted interrogation signal the transponder transmits a
response signal containing data which identifies the transpon-
der; -

characterised in thaﬁ the interrogator transmitter trans-

mits a plurality of simultanteous interrogation signals at a

a plurality of freqqencies, each transponder tfansmits a res-
ponse signal on receipt of at least one of the interrogation
signals and the interrogator identifies response signﬁls from
the same transponder which are transmitted at some or all of
the frequencies.’

19. An identification systém according to claim 18 wherein
the interrogation signals have respective different frequedcies
which are selected to fall within the reception bandwidth of
the receiving means of the transponders.

20. An identification s&stem according to claim 19-wherein'
the interrogation signals are relatively narrow bandwidth sig-
nals, the receiving means of each transponder having a relatively'

broad reception bandwidth within which the respective different



41. An’identification system accordi g ﬁgf&ﬁﬁ@g@ajéﬂﬁﬁ h¢ clains 37 to 40
wherein the turnoff instructionto thg #hrans- ponder §s{transmitted in both
the interrogat i nhi i {i HB8LGHA9I8 4p. An |dent|f|cat|o&
syst em accordl”ﬂl“ﬂ"ﬂmmﬂmmrc' ai ms (31 Lo 41 wher ei Hﬁg exEMBIT BHEET
signal and the tnhibittimg signal have|respective di r=nt quenci es
which are selected to fall within theblreception bandwidih of the receiving
means of the transponders. 43. An identi2Bication systemaccording to claim
37 wherein thgrdqiefEiQPlsi efe Sn§8ttoqailon Neignalls bEdliLNgssitpaal il @rans-

relatively .narrow bandwi dth signals, the receivi nfq means of each transpon-
ponder is responsive to any one or more of the interrogation sig-

CD—JT\I

nals.

21. An identification system according to claim 20 wherein
each interrogation signal is modulated with data, the data modu-
lation bandwidth of each interrogation signal being less than
the spacing between the respective different frequencies of the
interrogation signals.

22. An identification system according to any one of claims
18 to 21 wherein the transmitting means of the transponder comp-
rises an antenna and means for modulating the reflectivity of
the anfegna, so that the response signal of.the transponder
comprises one or more interrogation signal carriers modulated

with the data which identifies the transponder.

23. An identification system according to any one of
claims 18 to 22 wherein the transmitter means of the interroga-
tor comprises at least two spaced apart transmitting antenna ele-
ments and the receiver means comprises at least two spaced apart
receiving antenna elements.

24, An identification system according to any one of claims
18 to 22 wherein the transmitter means and the receiver means
comérise at least two spaced apart antenna units, each antenna
unit comprising a transmitting antenna element and an adjacent
receiving antenna element.

25. An identification system according to claims 23 or 24
wherein each antenna element dompéises a patch array designed
to operate at a frequenéy between 800 MHz and 1 GHz.

26. An identification system according to any one of
claims 23 to 25 wherein at least two of the respective trans-
mitting and receiving antenna elements are polarized differently

from one another.



der having a relatively broad reception {b&EBYACEENH ich the
respective different—freguencies_—of theji N.oﬂw'glg al and the

i nhibiting S|gnal An i dentifigafi \d/stemacodlngto cl aim 43
wherein the inte !ﬂw mt@ |s nmodpl at GTh198t & } he data no-

dul ati on bandw dt gat i onf skgnal being les tharpgphgcgggm REEET

bet ween the respective dlfferent frequqnm es of the |n1’errogat|on si gnal

and the inhibiting signal. - 32 - ;_*"*—-«-«fu.mm_m__

27. An identification system according to claim 23 wherein

the receiver means and the'processor means of the interrogator ar
adapted to distinguish response signals from transponders in
response to interrogation signals transmitted at the respective
different frequencies of the at least first and second trans-
mitters. _

28. An identification system according to claim 27 wherein
the processor means is a&apted to detect duplicate transponder
response signals transmitted on two or more of the respective

different frequencies.

29. An identification system according to claim 27 wherein
the processor means is adapted to disregard transponder response
signals transmitted on two or more of the respective different .
frequencies.

30. An identification system according to any one of claims
18 to 29 wherein the transmitter means and the receiver means
of the interrogator are mounted on or adjacent to a structure
which defines an interrogation zone through which the transpon-
ders to be identified may be passed.

31. An identification system according to claim 30 wherein
the transmitter means and the receiver means of the interrogation
are supported by a frame defining a passage through which a con~
veyance containing articles to which respective transponders are
attached can pass. |

32. An identification system according to any one of claims
18 to 29 wherein the interrogation signais have respective dif-
ferent frequencies which are selected so that there are no over-
1apping nulls in the electric fields of the interrogation signals
within a predetermined distance of the transmitter means of the

interrogator.
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45. An idengificﬁe;wwgto any one o1 crgi 37 to 44
wherein the trang kti ng nmeans O e transpg@d I i|SeREPPASFVIENNSHEET
h
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response si gnal ’
carrier modul ated with the' dataswhich identifies the tran ponder. 46. An
I dentification systemaccording to any one of_crarms—37t0 45 wherein the
interrogation signal and the inhibitind0signal have respective different
frequenci es whi ch ase melieeitddisstidrasystan acgeeding &9 AMYapPpt RF ALRINS i n

the electric fjelds_of the jnterrogation_ si | s_w {hi i ned
di stance of tht® ttParhd rﬁ"ﬁlg‘?“??egﬁgc%f“f h’éeal‘rh%g?’ foga ‘%?.wg allh SRV

from each identified transponder and for relating the received

data to stored data corresponding to the received data.

34. An identification system according to claim 33 wherein
the processor means ié adapted to store price or identification
data of articles to which different transponders are attached,
and to relate the identification codes of identified transpon-
ders thereto.

35. An identification system according to claim 34 including
display means for generating a display in which descriptions of

. the articles to which respective transponders are attached aré_
associated with price data.

36. An identification system according to claim 35 includ-
ing printer means for generating a printout of thé display.

37. An identification system comprisiné an interrogator
and a plurality of transponders, the interrogator including
transmitter wmeans for transmitting an interrogation signal to
the transponders, receiver means for receiving response signals
from the transponders, and processor means for identifying the

- .transponders from data in the response signals;

each transponder comprising receiving means for receiving
the transmitted $nterroqationzsignal, a code generator, and
transmitting means connected to the code generator, the trans-
ponder being adapted to transmit a response signal containing
data which identifies the transponder on receipt of the interro-
gation signal, characterised in that the transponder to be di-
sabled by a turn-off instruction in the interrogation signal on
successful identification of the transponder, the interrogator
transmits the interrogation signal and an inhibiting signal,
and that a disabled transponder remains disabled while it con-

tinues receiving the inhibiting signal.



47. AT | dentification system acqoT my—omeqof clainms 37 to 46
I ncl udi ng processor neans for recgggyftﬁ@? gHE,EJel ved from each identified
transponder and for relating thd rleceived data §ojstored Gt BA @:EMENEBQQEQIL ng
to the rece ldentlfgga@gp stem according to clai
wher ei n the”mﬂ mnmlnmum ddqpted to g?%gre p{ice or identification
data of artieles Y%o™hi*ch® dlffjrem transpondef sjare attached, and to
relate the identification codes|of identified trapspon- ders thereto. 49.
An identification system accord| ng to_ IEI m 46 1ncl u- ding display neans
for generating a digpla escrl t tefdid Ghegnd-0 Which
respect ive transpor?&er \Aﬂi‘:af‘g“ system Aé&%%g ©

rein the znterrogatlon signal is a relatively directional sig-

nal, and the inhibiting signal is a relatively widely dispersed
signal.

39. An identification system according to claim 38 where-~
in the inhibiting signal has a beam width which is at least 5
times greater than that of the interrogating signal.

40. An identification system according to any one of
claims 37 to 39 wherein the interrogation signal is a relative-
ly high power signal and the inhibiting signal is a relatively
1ow power signal. ' -

41. An identification system according tc any one of the
claims 37 to 40 wherein the turnoff instruction to the trans-
ponder is transmitted in both the interrogation signal and the
inhibiting signal. _

42. An identification system according to any one of claims
37 to 41 wherein the interrogation signal and the inhipiting
signal have respective different frequencies which are selected
to fall within the reception bandwidth of the'receiving means
of the transponders.

43. An identification system according to claim 37 wherein
the interrogation signal and the inhibiting signal are relatively
narrow bandwidth signals, the receiving means of each transpon-
der having a relatively broad reception bandwidth within which
the respective different fregquencies of the interrogation signal
and the inhibiting signal fall.

44. An identification system according to claim 43 wherein
the interrogation signal is modulated with data, the data mo-
dulation bandwidth of the interrogation signal being less Ehan
the spacing between the respective different frequencies of

the interrcgation signal and the inhibiting signal.
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attached are associated wthrpricp pata—50—Amr—tdentification system
accerding t i Tl di ng| pfi Rt flor}] generating a printout
of the di spﬂiﬂ'lﬂdm,"m,ﬂﬂ#mlfma 'onagmgcordi ng to any one of clains
37 to 50 wher%®eit the wnterrogatoryf adapted t.o detiect trBEREAGEMENTT SHEET

response signals transmtted on the frequency of tHe in- hibiting beam and
to disregard them

Pomp
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45. An identification system according to any one of claims

37 to 4k wherein the transmitting means of the transponder comp-
rises an antenna and means for modulating the reflectivity of
the antenna, so that the response signal of the transponder
comprises the interrogation signal carrier quulated with the
data which identifies the transponder.

46. An identification system according to any one of claims
37 to 45 wherein the interrogation signal and the inhibiting
signal have respective different frequehcies which are selected
so that there are no overlapping nulls in the electric fields 9f.

- the interrogation signals within a predetermined distance 9f the
transmitter means of the interrogator. -

47. An identification system .according to any one of claims
37 to 46 including processor means for recording data received
from each identified transponder and for relating the received
data to stored data corresponding to éhe received data.

48. An identification system according to claim 47 wherein
the processor means is adapted to store price or identification
data of articles to which different transponders are attached,
and to relate the identification codes of identified transgpon-
ders thereto. ‘

49, An identification system according to claim 46 inclu-
ding display means for generating a diéplay in which descrip-
tions of the articles to which respective transponders are
attached are associated with price data.

50. An identification system according to claim 49 inclu-

ding printer means for generating a printout of the display.

51. An identification system according to any one of claims
37 to 50 wherein the interrogator is adapted to detect trans-
ponder response signals transmittéd on the frequency of the in-

hibiting beam and to disregard them.
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DETECTION OF MULTIPLE ARTICLES

- ABSTRACT

An identification system comprises an interrogator and a plurality of
_transponders. The interrogator includes a transmitter which transmits .
at least two independent interrogation signals to.the transponders, and
a receiver for receiving response signals from the transponders. The
interrogator also includes processor means for identifying the
transponders - from data in the received response signals. Each

| tré.nspbnder comprises receiving - means, a code generator, and
transmitter means connected to the code generator. On receipt of at
least one of the transmitted interrogation signals the transponder
transmits a response signal containing data which identifies it. The
interrogation signals may be transmitted continuously or intermittently.
In a preferred enibodiment,- the interrbgation signals are relatively
narrow bandwidth signals at different frequencies. The receiving means
of each transponder has a'relatively broad reception bandwidth so that
the transponder is responsive to one or more of the interrogation signals. -

FIGURE 2.




