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(57) Abstract: In a method of inventorying a plurality of transponders (2) by means of a communication station (1) communicating
with the transponders (2) in contactless manner, the communication station (1) emits an unmodulated carrier signal (NMCS) in a
communications range of the communication station (1) and each transponder (2) on entering the communications range then emits
a presence-signaling signal (PRES) and the communication station (1) on receiving a presence-signaling signal (PRES) then emits
an inventorying command signal (INVS) and each transponder (2) on receiving the inventorying command signal (INVS) then emits
a response signal (RESPS) permitting inventorying of the transponder (2) and the communication station (1) on correctly receiving
a response signal (RESPS) then undertakes inventorying of the relevant transponder (2).
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Method of inventorying transponders by means of a communication station

The invention relates to a method of inventorying at least one transponder by
means of a communication station, wherein the communication station emits an unmodulated
carrier signal in a communications range, and wherein the transponder subsequently emits a
response signal in the communications range permitting the inventorying of the transponder.

The invention further relates to a communication station for communication
with at least one transponder and for inventorying at least one transponder, wherein station
transmission means are provided for emitting and receiving signals, and wherein carrier
signal generating means are provided for generating an unmodulated carrier signal, the
unmodulated carrier signal being emitted in a communications range by means of the station
transmission means.

The invention further relates to a transponder for communication with a
communication station, wherein transponder transmission means are provided for emitting
and receiving signals, and wherein carrier signal detection means are provided for detecting
an unmodulated carrier signal generated and emitted by the communication station and
received by the transponder transmission means, and wherein response signal generating
means that can be activated are provided for generating a response signal permitting the
inventorying of the transponder.

The invention further relates to an integrated circuit for a transponder for
communication with a communication station, wherein at least one connection is provided
for emitting and receiving signals, and wherein carrier signal detection means are provided
for detecting an unmodulated carrier signal generated and emitted by the communication
station and received via at least one connection, and wherein response signal generating
means that can be activated are provided for generating a response signal permitting the

inventorying of the transponder.

A method comprising the stages already cited in the first paragraph and a

communication station of the type already cited in the second paragraph and a transponder of
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the type already cited in the third paragraph and an integrated circuit of the type already cited
in the fourth paragraph have been marketed in various type variants and are therefore known.
The known method is a so-called TTF method. The abbreviation TTF is
derived from the term “Tag Talks First”. In the known TTF method a communication station
constantly emits an unmodulated carrier signal, which consequently does not give rise to any
sidebands and each transponder present in the communications range of the communication
station or entering the said communications range immediately receives this unmodulated
carrier signal, the unmodulated carrier signal being used in each transponder to supply the
transponder in question with energy. As soon as such a transponder has been supplied with
sufficient energy, the transponder, either immediately or with a time delay, emits a response
signal in the communications range which is consequently delivered to the communication
station, which is advantageous with regard to a brief inventorying process. The response
signal permits the inventorying of each transponder, because the response signal contains the
so-called serial number of the transponder in question, the serial number being unique to and
significant for each transponder. The response signal may also be formed from client-specific
client data. The response signals, by and large very promptly forthcoming from all
transponders present in the communications range of the communication station, are
processed in the course of the inventorying procedure, also often referred to as the anti-
collision procedure, for the purpose of inventorying these transponders. In the known TTF
method, however, there is the problem, that if multiple transponders are present in the
communications range of the communication station it is not possible to obtain a satisfactory
result by means of the inventorying procedure, because the transponders present in the
communications range emit their response signals asynchronously with one another and
commencing at unexpected times, with the result that the response signals received by the
communication station overlap one another, and therefore collide, and consequently cannot
be detected clearly and correctly, so that at least one and often more than one further
inventorying procedure is required, which means that overall inventorying takes a relatively
long period of time, or a transponder cannot be inventoried at all — as when, for example, the
transponders each connected to a suitcase are being moved through the communications
range of a communication station by means of a baggage conveyor, for example. The fact
that the known TTF method does not permit correct inventorying, given a plurality of
transponders present in the communications range of a communication station, therefore

stems from the fact that although the transponders present in the communications range
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generate their response signals very rapidly, they do not generate and deliver these to the
communication station in a chronologically ordered fashion.

In order to avoid the problems highlighted above, a so-called RTF method has
already been proposed. The abbreviation RTF is derived from the term “Reader Talks First”.
In the so-called RTF method the communication station periodically emits an inventorying
command signal, the selected repetition frequency for the emission of the inventorying
command signal being so high that each transponder entering the communications range of
the communication station receives the inventorying command signal as soon as possible
after entering the communications range and consequently delivers its response signal, that is
the entire serial number, to the communication station. The emission of the response signal is
in this case advantageously determined by the inventorying command signal, so that
unwanted collisions between response signals can be easily and reliably avoided. With this
RTF method, however, there is the problem that the communication station generates and
emits the inventorying command signal at periodic intervals, the signal being coded and
modulated according to the inventorying command. The periodically repetitive generation of
the inventorying command signal, which is also referred to as “polling”, unfortunately leads
to sidebands with high amplitudes, which is disadvantageous with regard to official
regulations intended to limit the amplitudes of sidebands in carrier signal transmission

processes.

It is an object of the invention to eliminate the aforementioned problems and
to provide an improved method and an improved communication station and an improved
transponder and an improved integrated circuit.

In order to achieve the aforementioned object, in a method according to the
invention features according to the invention are provided so that a method according to the
invention may be characterized as follows:

A method of inventorying at least one transponder by means of a
communication station, wherein the communication station emits an unmodulated carrier
signal in a communications range, and wherein the transponder on entering the
communications range emits a presence-signaling signal in the communications range, and
wherein the communication station on receiving a presence-signaling signal emits an
inventorying command signal in the communications range, and wherein the transponder on

receiving the inventorying command signal emits a response signal in the communications
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range permitting the inventorying of the transponder, and wherein the communication station,
on correctly receiving a response signal undertakes inventorying of the transponder.

In order to achieve the aforementioned object, features according to the
invention are provided in a communication station according to the invention, so that a
communication station according to the invention may be characterized as follows:

A communication station for communication with at least one transponder and
for inventorying at least one transponder, wherein station transmission means are provided
for emitting and receiving signals, and wherein carrier signal generating means are provided
for generating an unmodulated carrier signal, the unmodulated carrier signal being emitted by
the station transmission means in a communications range, and wherein presence-signaling
signal detection means are provided for detecting a presence-signaling signal generated and
emitted by the transponder and received by the station transmission means, and wherein
inventorying command signal generating means that can be activated as a function of the
detection of a presence-signaling signal are provided for generating an inventorying
command signal, and wherein response signal detection means are provided for detecting a
response signal which is generated and emitted by the transponder in response to a received
inventorying command signal and is received by the station transmission means and which
permits inventorying of the transponder, and wherein inventorying means are provided for
inventorying of the transponder as a function of the correctly received response signal.

In order to achieve the aforementioned object, features according to the
invention are provided in a transponder according to the invention, so that a transponder
according to the invention may be characterized as follows:

A transponder for communication with a communication station, wherein
transponder transmission means are provided for emitting and receiving signals, and wherein
carrier signal detection means are provided for detecting an unmodulated carrier signal
generated and emitted by the communication station and received by the transponder
transmission means, and wherein presence-signaling signal generating means are provided
for generating a presence-signaling signal as a function of the detection of an unmodulated
carrier signal, and wherein inventorying command signal detection means are provided for
detecting an inventorying command signal generated and emitted by the communication
station and received by the transponder transmission means, and wherein response signal
generating means that can be activated as a function of the detection of an inventorying
command signal are provided for generating a response signal permitting the inventorying of

the transponder.
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In order to achieve the aforementioned object, features according to the
invention are provided in an integrated circuit according to the invention, so that an
integrated circuit according to the invention may be characterized as follows:

An integrated circuit for a transponder for communication with a
communication station, wherein at least one connection is provided for emitting and
receiving signals, and wherein carrier signal detection means are provided for detecting an
unmodulated carrier signal generated and emitted by the communication station and received
via at least one connection, and wherein presence-signaling signal generating means that can
be activated as a function of the detection of an unmodulated carrier signal are provided for
generating a presence-signaling signal, and wherein inventorying command signal detection
means are provided for detecting an inventorying command signal generated and emitted by
the communication station and received via at least one connection, and wherein response
signal generating means that can be activated as a function of the detection of an
inventorying command signal are provided for generating a response signal permitting the
inventorying of the transponder.

In terms of circuitry, the provision of the features according to the invention
represents a simple way, incurring only a small additional cost, of advantageously combining
the advantages of the known TTF-method and those of the known RTF-method in the
solutions according to the invention, disadvantages of the known TTF-method and of the
known RTF-method at the same time being advantageously avoided. The known solutions
ensure a very rapid response by a transponder entering the communications range of a
communication station, because the transponder emits its presence-signaling signal
immediately, whilst only very low sideband amplitude values are guaranteed because the
communication station does not emit an inventorying command signal periodically but only
on receiving a presence-signaling signal.

In a method according to the invention it has proved very advantageous if the
features as claimed in claim 2 or as claimed in claim 3 or as claimed in claim 4 are
additionally provided. Particularly good results are thereby achieved, because a brief
presence-signaling signal is advantageous with regard to the shortest possible total
inventorying time, because the communication station only has to wait the short time span it
takes to receive the presence-signaling signal before generating and emitting the 'inventorying
command signal.

In a method according to the invention the transponder can transmit a

presence-signaling signal and its response signal to the communication station by means of
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just one transmission parameter. It has proved particularly advantageous, however, if the
transponder emits a presence-signaling signal by means of a first transmission parameter and
a response signal by means of a second transmission parameter. This allows a presence-
signaling signal and a response signal to be reliably distinguished or separated from one
another.

In a method as described in the previous paragraph it has proved particularly
advantageous if one of two different subcarrier frequencies of each subcarrier signal is used,
one as first transmission parameter and one as second transmission parameter. This
constitutes a particularly simple way of distinguishing and separating a presence-signaling
signal and a response signal. It is also possible, however, to use two different methods of
coding as different transmission parameters.

The aspects described above and further aspects of the invention will be
apparent from the examples of embodiments to be described hereafter and explained with

reference to this example of embodiment.

The invention will be further described with reference to examples of
embodiments shown in the drawings to which, however, the invention is not restricted.

Fig. 1 shows a block circuit diagram of what is, in this context, an essential
part of a communication station according to one example of an embodiment of the
invention.

Fig. 2 shows a block circuit diagram of what is, in this context, an essential
part of a transponder according to one example of an embodiment of the invention, which

comprises an integrated circuit according to one example of an embodiment of the invention.

Fig. 1 shows a communication station 1 and Fig. 2 a transponder 2. The
transponder 2 comprises an integrated circuit 3. The communication station 1 and the
transponder 2 are designed for contactless communication with one another. The
communication station 1 is also designed for inventorying transponders 2. In common
applications multiple transponders 2 are in communication with the communication station 1,
the transponders 2 being situated within a communications range of the communication
station 1. Before being able to read out data contained in each of the transponders 2 or write

data to each of the transponders 2, a so-called inventorying of the multiple transponders 2
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must be undertaken by means of the communication station 1 in contactless communication
with the transponders 2. In the course of such inventorying, for each transponder 2 significant
identification data ID for the relevant transponder 2 are transmitted to the communication
station 1 by means of a response signal RESPS from the relevant transponder 2 and these
data are stored in the communication station 1, so that the identification data ID of all
transponders in communication with the communication station 1 2 are known in the
communication station 1, making it possible for the communication station 1, using the
identification data ID significant for a transponder 2, to enter specifically and unmistakably
into communication with the relevant transponder 2, in order to read out useful data from the
relevant transponder 2, for example, or to store useful data to the relevant transponder 2.

The communication station 1 comprises a microcomputer 4. A hard-wired
logic circuit may also be provided instead of the microcomputers 4. The communication
station 1 further comprises a crystal oscillator 5, by means of which a clock signal CLK can
be generated, the clock signal CLK being delivered to the microcomputer 4. The
microcomputer 4 is connected via a BUS connection 6 to a HOST computer not shown in
Fig. 1, in order to be able to conduct a data exchange between the HOST computer and the
microcomputer 4. The microcomputer 4 serves to provide to array of means and functions of
which, however, only those means and functions essential in the present context will be
explored further.

The microcomputer 4 comprises sequence control means 7 capable of
controlling the sequences that can be performed on the microcomputer 4. As part of its
sequence control means 7 the microcomputer 4 comprises so-called inventorying means 7A.
The microcomputer 4 further comprises command signal generating means 8, which among
other things also form inventorying command signal generating means, and presence-
signaling signal detection means 9 and response signal detection means 10 and coding means
11 and first decoding means 12 and second decoding means 13. The microcomputer 4 also
comprises a series of other signal generating means and signal detection means which,
however, will not be examined further here.

The presence-signaling signal detection means 9 serve for detecting presence-
signaling signals PRES generated and emitted by transponders 2 and received in the
communication station 1. The inventorying command signal generating means in the
command signal generating means 8 can be activated as a function of the detection of a
presence-signaling signal PRES undertaken by the presence-signaling signal detection means

9 and serve for generating an inventorying command signal INVS. The inventorying
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command generating means are activated by the sequence control means 7. The response
signal detection means 10 serve for detecting response signals RESPS, which are generated
and emitted by the transponders 2 in response to an inventorying command signal INVS
received in the transponders 2, are received in the communication station 1 and permit
inventorying of the transponders 2, together with the identification data ID contained in the
said signals. The response signal detection means 10 comprise collision detection means (not
shown), which serve to detect a collision between at least two response signals RESPS
transmitted at substantially the same time. The inventorying means 7A are intended and
designed for inventorying transponders 2 as a function of correctly received response signals
RESPS. The coding means 11 serve for coding the signals fed to them and hence also for
coding the inventorying command signals INVS. After coding, the coding means 11 emit the
duly coded signals that have been fed to them, for example a coded inventorying command
signal CINVS. The first decoding means 12 serve for decoding coded presence-signaling
signals CPRES fed to them. After decoding, the first decoding means 12 emit the decoded
presence-signaling signals PRES. The second decoding means 13 serve for decoding coded
response signals CRESPS fed to them. After decoding, the second decoding means 13 emit
the decoded response signals RESPS.

The communication station 1 further comprises modulation means 14, to
which the coded command signals generated by the coding means 11, that is, for example,
the coded inventorying command signal CINVS, can be delivered, and to which an
unmodulated carrier signal NMCS can additionally be fed. For generating the unmodulated
carrier signal NMCS the communication station 1 comprises carrier signal generating means
15, that is a carrier signal generator 15, to which the clock signal CLK can be fed from the
crystal oscillator 5 and which uses the clock signal CLK to generate the unmodulated carrier
signal NMCS. Using the coded command signals delivered, the modulation means 14 are
capable of modulating the unmodulated carrier signal NMCS, the modulation means 14 after
modulation emitting modulated coded command signals, for example the modulated coded
inventorying command signal MCINVS. The modulated coded command signals can be fed
to amplifying means 16, which amplify the modulated coded command signals. The said
modulation of the unmodulated carrier signal NMCS using the coded command signals is
performed where the transmission of command signals from the communication station 1 to
the transponders 2 is required. Where the transmission of signals from the transponders 2 to
the communication station 1 is required, the unmodulated carrier signal NMCS generated by

means of the carrier signal generator 15 is relayed in unmodulated form from the modulation
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means 14 to the amplification means 16. Both the modulated coded command signals and the
unmodulated carrier signal NMCS can be fed from the amplification means 16 to signal
matching means 17, the signal matching means 17 relaying the modulated coded command
signals and the unmodulated carrier signal NMCS fed to them to station transmission means
18, which in this instance comprise a transmission coil 19. The transmission coil 19 is
intended for inductive, that is to say mutual coupling with transmission coils of the
transponders 2. Instead of the transmission coil 16 the station transmission means 18 may
also have a dipole for transmission purposes. Instead of the station transmission means 18
with a transmission coil 19 or a dipole, station transmission means may also be provided
which work on a capacitive or optical principle. The station transmission means 18 serve for
emission of the unmodulated carrier signal NMCS in the communications range of the
communication station 1.

The station transmission means 18 serve not only for emitting signals, that is
for transmitting command signals from the communication station 1 to the transponders 2
present in the communications range of the communication station 1, for example, but also
for receiving signals which are to be transmitted from the relevant transponders 2 to the
communication station 1. For example, presence-signaling signals PRES and response signals
RESPS, which contain identification data ID, are to be transmitted from the transponders 2 to
the communication station 1. These signals PRES and RESPS are transmitted in such a way
that the signals PRES and RESPS are coded, so that coded signals CPRES and CRESPS are
obtained and two subcarrier signals SCS1 and SCS2 having different subcarrier frequencies
of 283 kHz and 424 kHz are then modulated using the coded signals CPRES and CPRESPS,
so that modulated coded signals MCPRES and MCRESPS are received by the station
transmission means 18.

The modulated presence-signaling signals MCPRES received are fed from the
station transmission means 18 via the signal matching means 17 to first filter means 20,
which are tuned to the first subcarrier frequency of 283 kHz and filter out signals in other
frequency positions and also interference components and deliver the modulated coded
presence-signaling signals MCPRES with interference eliminated to first demodulation
means 21. The first demodulation means 21 are designed for demodulation of the modulated
coded presence-signaling signals MCPRES fed to them. Following demodulation of the
modulated coded presence-signaling signals MCPRES, the first demodulation means 21
deliver coded presence-signaling signals CPRES to tfle first decoding means 12.

Amplification means, which amplify the coded presence-signaling signal CPRES fed to then,
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may also be connected to the output side of the first demodulation means 21. Yet further
filter means, which provide for further filtering and which after filtering deliver the coded
presence-signaling signals CPRES to the first decoding means 12, may also be connected to
the output side of these amplification means.

The modulated response signals MCRESPS received are fed from the station
transmission means 18 via the signal matching means 17 to second filter means 22, which are
tuned to the second subcarrier frequency of 424 kHz and filter out signals in other frequency
positions and also interference components and which deliver the modulated coded response
signals MCRESPS with interference eliminated to second demodulation means 23. The
second demodulation means 23 are designed for demodulation of the modulated coded
response signals MCRESPS fed to them. After demodulation of the modulated coded
response signals MCRESPS the second demodulation means 23 deliver coded response
signals CRESPS to the second decoding means 13. Amplification means which amplify the
coded response signals CRESPS fed to them may also be connected to the output side of the
second demodulation means 23. Yet further filter means, which provide for further filtering -
and which after filtering deliver the coded response signals CRESPS to the second decoding
means 13, may be connected to the output side of these amplification means.

In the second decoding means 13 the coded response signals CRESPS are
decoded, the decoding means 13, after decoding, delivering the response signals RESPS to
the response signal detection means 10. The response signal detection means 10 serve for
detecting both the correct reception of a response signal RESPS and reception susceptible to
collision, that is to say incorrect reception of a response signal RESPS. If a collision of
response signals RESPS is detected, a new inventorying procedure is initiated by the
sequence control means 7. If correct reception of a response signal RESPS is detected, the
identification data ID contained in the correctly received response signal RESPS is delivered
to the inventorying means 7A. The inventorying data ID are used for inventorying of the
relevant transponder, the response signal RESPS from which has been correctly received in
the communication station 1. The inventorying means 7A are used to perform functions and
sequences familiar to persons skilled in the art, such as the storage of identification data ID
and initiating the generation of command signals, such as an acknowledgement command
signal or a read command signal or a write command signal.

As already stated, the communication station 1 is intended and designed for

contactless communication with a plurality of transponders 2. The transponders 2 are of the
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same design, which will be described below with reference to the transponder 2 shown in
Fig. 2, and are intended and designed for communication with the communication station 1.

In addition to the integrated circuit 3 the transponder 2 comprises a
transmission coil 25, which is connected by a first connection 26 and a second connection 27
to the integrated circuit 3. By means of the transmission coil 25 the transponder 2 can
communicate by contactless means with the communication station 1 via the transmission
coil 19 of the communication station 1. A capacitor 28 contained in the integrated circuit 3 is
connected in parallel to the transmission coil 25. The transmission coil 25 and the capacitor
28 form an oscillating circuit, which is tuned to a working frequency and which forms an
integral part of the transponder transmission means 29. Instead of the transmission coil 25 the
transponder transmission means 29 may also have a dipole for transmission purposes. Instead
of the transponder transmission means 29 with a transmission coil 25 or a dipole, transponder
transmission means may also be provided which work on a capacitive or optical principle.

The integrated circuit 3 of the transponder 2 and consequently the transponder
2 contain supply voltage generating means 30 and clock signal regeneration means 31 and
demodulation means 32 and modulation means 33. These four means 30, 31, 32 and 33 are
each connected to the transponder transmission means 29.

The supply voltage generating means 30 serve for generating a supply voltage
V using the signals delivered to the supply voltage generating means 30 by the transponder
transmission means 29, that is to say using, for example, modulated coded command signals
or unmodulated carrier signals NMCS. The supply voltage V that can be generated by the
supply voltage generating means 30 can be fed to all those integral parts of the integrated
circuit 3 which require this supply voltage V, although this is not separately represented in
Fig. 2.

Connected to the supply voltage generating means 30 are “Power-On”
detection means 34, to which the output signal of the supply voltage generating means 30,
that is the supply voltage V generated at any one time, can be fed. The “Power-On” detection
means 34 serve to detect whether a sufficiently high supply voltage V is available. If such a
sufficiently high supply voltage V is available, the “Power-On” detection means 34 emit a
so-called “Power-On-Reset” signal POR.

The supply voltage generating means 30 and the “Power-On” detection means
34 together form carrier signal detection means 46. The carrier signal detection means 46 are
intended to detect an unmodulated carrier signal NMCS generated and emitted by the

communication station 1 and received by the transponder transmission means 29 and
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received via the two connections 26 and 27 in the integrated circuit 3. The carrier signal
detection means 46 also serve, however, to detect the reception of a modulated carrier signal,
such as the modulated coded inventorying command signal MCINVS.

The clock signal regeneration means 31 serve for regeneration of a clock
signal CLK using the signals emitted by the transponder transmission means 29, that is to say
using the modulated coded command signals or using the unmodulated carrier signal NMCS,
for example. The clock signal regeneration means 31 emit the clock signal CLK. Instead of
the clock signal regeneration means 31, an internal oscillator independent of the signals
emitted by the transponder transmission means 29 may be provided, by means of which a
clock signal CLK can be generated. Such an internal oscillator is particularly advantageous
where the communication between a communication station and a transponder occurs at a
very high working frequency, for example at working frequencies in the so-called UHF-range
or in the microwave-range.

The demodulation means 32 serve for demodulation of command signals fed
to them, that is for demodulation of the modulated coded inventorying command signal
MCINVS, for example. Following demodulation of a modulated coded inventorying
command signal MCINVS, the demodulation means 32 emit a coded inventorying command
signal CINVS.

The modulation means 33 serve for modulation of signals, for example the
modulation of coded presence-signaling signals CPRES and of coded response signals
CRESPS, which can be fed to the modulation means 33. The first subcarrier signal SCS1
with a first subcarrier frequency of 283 kHz and the second subcarrier signal SCS2 with a
second subcarrier frequency of 424 kHz may furthermore also alternatively be fed to the
modulation means 33. For generating the first subcarrier signal SCS1 a first subcarrier signal
generator 35 is provided, to which the clock signal CLK from the clock signal regeneration
means 31 can be fed and which generates the first subcarrier signal SCS1 using the clock
signal CLK. For generating the second subcarrier signal SCS2 a second subcarrier signal
generator 36 is provided, to which the clock signal CLK from the clock signal regeneration
means 31 can likewise be fed and which generates the second subcarrier signal SCS2 using
the clock signal CLK. Connected to the two subcarrier signal generators 35 and 36 on the
output side are subcarrier signal switching means 48, to which a control signal CS1 having
two different signal states can be fed and by means of which either the first subcarrier signal
SCS1 or the second subcarrier signal SCS2 can be fed to the modulation means 33,

depending on the signal state of the control signal CS1 supplied.
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Where modulation is performed as a function of the coded presence-signaling
signal CPRES, the first subcarrier signal SCS1 is fed to the modulation means 33 and is
modulated by the modulation means 33 as a function of the coded presence-signaling signal
CPRES, so that as a result the modulation means 33 emit a modulated coded presence-
signaling signal MCPRES, which is subsequently transmitted to the communication station 1
by means of the transponder transmission means 29 and in this case in particular by means of
the transmission coil 25.

Where modulation is performed as a function of the coded response signal
CRESPS, the second subcarrier signal SCS2 is fed to the modulation means 33 and is
modulated by the modulation means 33 as a function of the coded response signal CRESPS,
so that as a result the modulation means 33 emit a modulated coded response signal
MCRESPS, which is subsequently transmitted to the communication station 1 by the
transponder transmission means 29 and in this case in particular by means of the transmission
coil 25.

The transponder 2 is therefore designed to generate a modulated coded
presence-signaling signal MCPRES with a first transmission parameter, that is with the first
subcarrier frequency of 848 kHz, and to generate a modulated coded response signal
MCRESPS with a second transmission parameter, that is with the second subcarrier
frequency of 424 kHz.

The integrated circuit 3 of the transponder 2 and consequently the transponder
2 comprise a microcomputer 37. Instead of the microcomputer 37 a hard-wired logic circuit
may also be provided. The microcomputer 37 provides a number of means and functions, of
which, however, only those means and functions essential in the present context will be
explored further below. The “Power-On-Reset” signal POR and the clock signal CLK can be
fed to the microcomputer 37 for purposes long known to persons skilled in the art.

The integrated circuit 3 further comprises storage means 38, which are
connected to the microcomputer 37 via a connection 39. The storage means 38 comprise a
plurality of storage areas, of which only one storage area 40 is indicated by means of dot-
and-dash lines. Distinctive identification data ID significant for the transponder 2 are stored
in the storage area 40. A series of other data, which will not explored further however, are
stored in the storage means 38.

The microcomputer 37 provides decoding means 41 and coding means 42. The
decoding means 41 are intended for decoding command signals fed to them, that is also for

decoding a coded inventorying command signal CINVS. After decoding the coded command
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signals, the decoding means 40 emit decoded command signals, such as the inventorying
command signal INVS. The coding means 42 serve for coding signals, for example for
coding the response signal RESPS. After coding of the response signal RESPS, the coding
means 42 emit a coded response signal CRESPS.

The microcomputer 37 further provides inventorying command signal
detection means 43 and presence-signaling signal generating means 44 and response signal
generating means 45. The function of the means 43, 44 and 45 is examined in more detail
below. The microcomputer 37 further comprises sequence control means 46, which serve for
controlling the sequences that can be performed in the microcomputer 37.

The inventorying command signal detection means 43 are intended and
designed to detect the inventorying command signal INVS that is generated and emitted by
the communication station 1, received by the transponder transmission means 29, fed to the
integrated circuit 3 via the connections 26 and 27 and delivered to the inventorying command
signal detection means 43. When the inventorying command signal detection means 43 detect
an inventorying command signal INVS, the inventorying command signal detection means
43 emit control information, which is examined in more detail below.

The presence-signaling signal generating means 44 can be activated as a
function of the detection of an unmodulated carrier signal NMCS undertaken by the carrier
signal detection means 46 and are intended and designed to generate the presence-signaling
signal PRES. The presence-signaling signal generating means 44 are activated by the
sequence control means 46. The presence-signaling signal PRES is only a relatively short
signal, which is formed by a bit sequence only a few bits long. The presence signaling signal
PRES, however, may be formed by a so-called burst or by a so-called code-infringement.
This signal may also consist of just a single bit, although there is then a relatively high
susceptibility to interference. The presence-signaling signal PRES serves to inform the
communication station 1 very swiftly of the presence of a transponder 2 in the
communications range of the communication station 1. The presence-signaling signal PRES
has a signal duration of approximately 75.0 microseconds.

The response signal generating means 45 can be activated as a function the
detection of an inventorying command signal INS undertaken by the inventorying command
signal detection means 43 and are intended and designed to generate the response signal
RESPS. The response signal generéting means 45 are activated by the sequence control
means 46. In order to be able to generate this response signal RESPS, the identification data

ID read out of the storage area 40 of the storage means 38 are fed to the response signal
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generating means 45. The response signal RESPS is generated by means of the identification
data ID and additional data, such as security data. The response signal RESPS is a signal of
relatively long duration, because the response signal RESPS comprises the identification data
ID and additional data such as security data, so that the response signal RESPS comprises,
for example, a total of 16 bytes. However, the response signal RESPS may also comprise
only 8 bytes or 64 bytes. In this instance the response signal RESPS has a signal duration of
approximately 2.19 milliseconds. The response signal RESPS generated by the response
signal generating means 45, which comprises the identification data ID, must be transmitted
from the transponder 2 to the communication station 1 for inventorying purposes and permits
inventorying of the transponder 2 by the communication station 1.

In this instance the transponder 2 is therefore designed to generate a presence-
signaling signal PRES with a first signal duration and to generate a response signal RESPS
with a second signal duration, the first signal duration being shorter than the second signal
duration. This is so designed that the first signal duration and the second signal duration have
a ratio of 1:X, it being particularly advantageous if the selected value of X is X=29.

In this instance the communication station 1 and the transponder 2 are
designed so that in inventorying of the transponders 2 inventorying sequences are performed
in succession, a number of time slots being defined in the course of each inventorying
sequence. Time slot selection means serve to determine in which of the time slots the
response signal RESPS is relayed from the response signal generating means 45 to the coding
means 42 and consequently fed to the modulation means 33, and hence is transmitted from
the transponder 2 to the communication station 1. The time slot selection means are therefore
capable of selecting one time slot from a plurality of time slots, it being possible to transmit
the response signal RESPS generated to the communication station 1 using the time slot
selected.

A method of inventorying transponders 2 according to Fig. 2 by means of the
communication station 1 according to Fig. 1 is described below.

As soon as the communication station 1 is activated, the communication
station 1, by means of the carrier signal generator 15, generates the unmodulated carrier
signal NMCS, which is fed to the modulator 14, to which in this case no further signals are
fed, so that the modulator 14 delivers the unmodulated carrier signal NMCS to the
amplification means 16. As a result the communication station 1, by means of the station
transmission means 18, constantly emits the unmodulated carrier signal NMCS in the

communications range of the communication station 1.
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As soon as a transponder 2 enters the communications range of the
communication station 1 the transponder 2, by way of the transponder transmission means
29, receives the unmodulated carrier signal NMCS, with the result that the reception of the
unmodulated carrier signal NMCS is detected by the carrier signal detection means 46, so
that the carrier signal detection means 46 deliver the “Power-On-Reset” signal POR to the
microcomputer 37 and in the microcomputer 37 to the sequence control means 46.
Consequently, the sequence control means 46 activate the presence-signaling signal
generating means 44 by means of first control information CI1, so that the presence-signaling
signal generating means 44 generate a presence-signaling signal PRES and deliver this to the
coding means 42. As a result the coding means 42 deliver a coded presence-signaling signal
CPRES to the modulation means 33. The delivery of the “Power-On-Reset”-signal POR to
the sequence control means 46 furthermore causes the sequence control means 46 to deliver
the control signal CS1 to the subcarrier signal switching means 48 with a signal state such
that the subcarrier signal switching means 48 connect the first subcarrier signal generator 35
to the modulation means 33. As a result the first subcarrier signal SCS1 with a subcarrier
frequency of 848 kHz is modulated as a function of the coded presence-signaling signal
CPRES. As a result the modulation means 33 deliver a modulated coded presence-signaling
sighal MCPRES to the transponder transmission means 29, so that the transponder 2, on
entering the communications range of the communication station 1, emits the modulated
coded presence-signaling signal MCPRES in the communications range of the
communication station 1.

As a result the communication station 1 receives the modulated coded
presence-signaling signal MCPRES by way of the station transmission means 18, following
which the modulated coded presence-signaling signal MCPRES received is fed via the signal
matching means 17 to the first filter means 20, these first filter means 20 affording provision
for filtering. A demodulation of the modulated presence-signaling signal MCPRES received
is subsequently undertaken by the first demodulation means 21, so that the first demodulation
means 21 deliver the coded presence-signaling signal CPRES to the first decoding means 12.
The first decoding means 12 provide for decoding, following which the first decoding means
12 deliver the presence-signaling signal PRES to the presence-signaling signal detection
means 9. The presence-signaling signal detection means 9 detect the presence-signaling
signal PRES and subsequently deliver second control information CI2 to the sequence control
means 7. As a result the sequence control means 7 activate the command signal generating

means 8 by means of third control information CI3, in such a way that the inventorying



10

15

20

25

30

WO 2004/021257 PCT/1B2003/003491
17

command signal generating means contained in the command signal generating means 8
generate an inventorying command signal INVS. The inventorying command signal INVS
generated is fed to the coding means 11, so that the coding means 11 deliver a coded
inventorying command signal CINVS to the modulation means 14. As a result the
modulation means 14 deliver a modulated coded inventorying command signal MCINVS to
the amplification means 16, which deliver this signal to the signal matching means 17, the
signal matching means 17 supplying the station transmission means 18 with the modulated
coded inventorying command signal MCINVS. As a result, on receiving a presence-signaling
signal PRES, the communication station 1, by way of the station transmission means 18,
emits a modulated coded inventorying command signal MCINVS in the communications
range of the communication station 1.

The modulated coded inventorying command signal MCINVS emitted by the
communication station 1 is received by the transponder transmission means 29 and fed to the
demodulation means 32. As a result, after demodulation, the demodulation means 32 deliver
the coded inventorying command signal CINVS to the decoding means 41, which after
decoding deliver the inventorying command signal INVS to the inventorying command
signal detection means 43. The inventorying command signal detection means 43 detect the
inventorying command signal INVS fed to them, with the result that the inventorying
command signal detection means 43 deliver fourth control information CI4 to the sequence
control means 46. This in turn means that the sequence control means 46 activate the
response signal generating means 45 by means of fifth control information C15, so that the
response signal generating means 45 generate the response signal RESPS incorporating the
identification data ID and deliver this to the coding means 42, the coding means 42, after
coding, delivering the coded response signal CRESPS to the modulation means 33. The
delivery of the fourth control information CI4 to the sequence control means 46 furthermore
means that the sequence control means 46 deliver the control signal CS1 to the subcarrier
signal switching means 48 with a signal state such that the subcarrier signal switching means
48 connect the second subcarrier signal generator 35 to the modulation means 33. As a result
the second subcarrier signal SCS2 with a subcarrier frequency of 424 kHz is modulated as a
function of the coded response signal CRESPS, so that the modulation means 33
subsequently deliver the modulated coded response signal MCRESPS to the transponder
transmission means 29. As a result the transponder 2, on receiving the inventorying
command signal INVS, emits a response signal RESPS permitting inventorying of the

transponder 2 in the communications range of the communication station 1.
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The modulated coded response signal MCRESPS emitted by the transponder 2
is received by the station transmission means 18, following which the modulated coded
response signal MCRESPS received is fed to the second filter means 22 via the signal
matching means 17, the second filter means 22 affording provision for filtering. A
demodulation of the modulated response signal MCRESPS received is subsequently
undertaken by the second demodulation means 23, so that the second demodulation means 23
deliver the coded response signal CRESPS to the second decoding means 13. The second
decoding means 13 provide for decoding, following which the second decoding means 13
deliver the response signal RESPS to the response signal detection means 10. Should a
further response signal RESPS from another transponder 2 collide with the response signal
RESPS received, this is detected by the collision detection means contained in the response
signal detection means 10, following which the transponders in question are requested by
means of a separate command signal to emit a fresh response signal RESPS. If, on the other
hand, only one response signal RESPS is received from one transponder 2 according to Fig.
2, this response signal RESPS is detected by the response signal detection means 10, with the
result that the identification data ID contained in the response signal RESPS and significant
for the transponder 2 in question are relayed to the inventorying means 7A. The inventorying
means 7A consequently undertake inventorying of the relevant transponder 2. This means, in
other words, that on correct reception of a response signal RESPS the communication station
1 undertakes inventorying of the relevant transponder 2, the response signal RESPS from
which has been correctly received and detected.

It should be mentioned here that instead of the carrier signal detection means
47, which are provided by the supply voltage generating means 30 and the “Power-On”
detection means 34, a simple HF detector may also be provided as carrier signal detection
means, the said HF detector being capable of detecting the presence of the unmodulated
carrier signal NMCS. Such a design is advantageous particularly where the transponder is a
so-called active transponder, in which the supply voltage is obtained from a built-in battery
and not from supply voltage generating means 30, which generate the necessary supply
voltage V from a received signal, such as the unmodulated carrier signal NMCS received.

It should be further mentioned that in the aforementioned design of the
communication station 1 and the transponder 2 the chosen value of the ratio X between the
first signal duration of the presence-signaling signal PRES and the second signal duration of
the response signal RESPS is X=29. This need not necessarily be the case, since other values

of the ratio X may advantageously be used, for example ratio values X in a range between
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X=20 and X=35. However, other values for the ratio X in a range between X=10 and X=100
may also be advantageous in various applications.

In the case described above all identification data ID are incorporated into one
response signal RESPS. This need not necessarily be the case, since only some of the
identification data ID may be used to form a response signal RESPS. The identification data
ID are also often referred to as serial numbers.

In the case described above the transponder 2 emits the presence-signaling
signal PRES in the communications range of the communication station 1 only once. In this
context a situation can arise in which the transponder 2 is still at such a great distance from
the communication station 1 that although the transponder 2 receives the unmodulated carrier
signal NMCS emitted by the communication station 1, the presence-signaling signal PRES
which it generates and emits is not yet received by the communication station 1, because this
presence-signaling signal PRES has a significantly lower level than the unmodulated carrier
signal NMCS. In order to avert the difficulties arising from this, in an improved design
variant of the method, the communication station 1 and the transponder 2 described above, it
is proposed that the transponder 2, on receiving an unmodulated carrier signal NMCS, should
not generate the presence-signaling signal PRES just once, but that after generating the
presence-signaling signal PRES for the first time the transponder 2 after a certain interval
should generate this presence-signaling signal PRES a second time or at random intervals or
repeatedly at recurrent intervals, so as to ensure that the communication station 1 reliably
receives a presence-signaling signal PRES generated and emitted by the transponder 2. It has
proved particularly advantageous in this case to define a termination condition in the
transponder 2, which ensures that on receipt of an inventorying command signal INVS in the
transponder 2 the repeated generation and emission of the presence-signaling signal PRES is

terminated.
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CLAIMS:

1. A method of inventorying at least one transponder (2) by means of a
communication station (1), wherein the communication station (1) emits an unmodulated
carrier signal (NMCS) in a communications range, and wherein the transponder (2) on
entering the communications range emits a presence-signaling signal (PRES) in the
communications range, and wherein the communication station (1) on receiving a presence-
signaling signal (PRES) emits an inventorying command signal (INVS) in the
communications range, and wherein the transponder (2) on receiving the inventorying
command signal (INVS) emits a response signal (RESPS) in the communications range
permitting the inventorying of the transponder (2), and wherein the communication station
(1), on correctly receiving a response signal (RESPS) undertakes inventorying of the
transponder (2).

2. A method as claimed in Claim 1, wherein the transponder (2) emits a
presence-signaling signal (PRES) with a first signal duration and a response signal (RESPS)
with a second signal duration, and wherein the first signal duration is shorter than the second

signal duration.

3. A method as claimed in Claim 2, wherein the first signal duration and the
second signal duration have a ratio of 1:X, and in that the value X lies in a range between

X=10 and X=100.

4. A method as claimed in Claim 3, wherein the value X lies in a range between
X=20 and X=35.
5. A method as claimed in Claim 1, wherein the transponder (2) emits a

presence-signaling signal (PRES) with a first transmission parameter and a response signal

(RESPS) with a second transmission parameter.
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6. A method as claimed in Claim 5, wherein one of two different subcarrier
frequencies of each subcarrier signal (SCS1, SCS2) is used, one as first transmission

parameter and one as second transmission parameter.

7. A communication station (1) for communication with at least one transponder
(2) and for inventorying at least one transponder (2), wherein station transmission means (18)
are provided for emitting and receiving signals, and wherein carrier signal generating means
(15) are provided for generating an unmodulated carrier signal (NMCS), the unmodulated
carrier signal (NMCS) being emitted by the station transmission means (15) in a
communications range, and wherein presence-signaling signal detection means (9) are
provided for detecting a presence-signaling signal (PRES) generated and emitted by the
transponder (2) and received by the station transmission means (15), and wherein
inventorying command signal generating means (8) that can be activated as a function of the
detection of a presence-signaling signal (PRES) are provided for generating an inventorying
command signal (INVS), and wherein response signal detection means (RESPS) are provided
for detecting a response signal (RESPS) which is generated and emitted by the transponder
(2) in response to a received inventorying command signal (INVS) and is received by the
station transmission means (15) and which permits inventorying of the transponder (2), and
wherein inventorying means (7A) are provided for inventorying the transponder (2) as a

function of the correctly received response signal (RESPS).

8. A transponder (2) for communication with a communication station (1),
wherein transponder transmission means (29) are provided for emitting and receiving signals,
and wherein carrier signal detection means (47) are provided for detecting an unmodulated
carrier signal NMCS) generated and emitted by the communication station (1) and received
by the transponder transmission means (29), and wherein presence-signaling signal
generating means (44) that can be activated as a function of the detection of an unmodulated
carrier signal (NMCS) are provided for generating a presence-signaling signal (PRES), and
wherein inventorying command signal detection means (43) are provided for detecting a
inventorying command signals (INVS) generated and emitted by the communication station
(1) and received by the transponder transmission means (29), and wherein response signal
generating means (45) that can be activated as a function of the detection of an inventorying
command signal (INVS) are provided for generating a response signal (RESPS) permitting
the inventorying of the transponder (2).
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9. A transponder (2) as claimed in Claim 8, wherein the transponder (2) is
designed with a first signal duration for generating a presence-signaling signal (PRES) and
with a second signal duration for generating a response signal (PRES), and wherein the first

signal duration is shorter than the second signal duration.

10. A transponder (2) as claimed in Claim 9, wherein the first signal duration and
the second signal duration have a ratio of 1:X, the value X lying in a range between X=10

and X=100.

11. A transponder (2) as claimed in Claim 10, wherein the value X lies in a range
between X=20 and X=35.

12. A transponder (2) as claimed in Claim 8, wherein the transponder (2) is
designed to generate a presence-signaling signal (PRES) with a first transmission parameter

and to generate a response signal (RESPS) with a second transmission parameter.

13. A transponder (2) as claimed in Claim 12, wherein the first transmission
parameter and the second transmission parameter are each formed by one of two different

subcarrier frequencies of each subcarrier signal (SCS1, SCS2).

14. An integrated circuit (3) for a transponder (2) for communication with a
communication station (1), wherein at least one connection (26, 27) is provided for emitting
and receiving signals, and wherein carrier signal detection means (47) are provided for
detecting an unmodulated carrier signal (NMCS) generated and emitted by the
communication station (1) and received via at least one connection (26, 27), and wherein
presence-signaling signal generating means (44) that can be activated as a function of the
detection of an unmodulated carrier signal (NMCS) are provided for generating a presence-
signaling signals (PRES), and wherein inventorying command signal detection means (43)
are provided for detecting an inventorying command signal (INVS) generated and emitted by
the communication station (1) and received via at least one connection (26, 27), and wherein
response signal generating means (45) that can be activated as a function of the detection of
an inventorying command signal (INVS) are provided for generating a response signal

(RESPS) permitting the inventorying of the transponder (2).
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15. An integrated circuit (3) as claimed in Claim 14, wherein the integrated circuit
(3) is designed with a first signal duration for generating a presence-signaling signal (PRES)
and with a second signal duration for generating a response signal (RESPS), and wherein the

first signal duration is shorter than the second signal duration.

16. An integrated circuit (3) as claimed in Claim 15, wherein the first signal
duration and the second signal duration have a ratio of 1:X, and in that the value X lies in a

range between X=10 and X=100.

17. An integrated circuit (3) as claimed in Claim 16, wherein the value X lies in a

range between X=20 and X=35.

18. An integrated circuit (3) as claimed in Claim 14, wherein the integrated circuit
(3) is designed to generate a presence-signaling signal (PRES) with a first transmission

parameter and to generate a response signal (RESPS) with a second transmission parameter.

19. An integrated circuit (3) as claimed in Claim 18, wherein the first transmission
parameter and the second transmission parameter are each formed by one of two different

subcarrier frequencies of each subcarrier signal (SCS1, SCS2).
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