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WIRELESS TRANSPONDER FOR A SECURITY SYSTEM

ABSTRACT OF THE DISCLOSURE
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A method and apparatus for a wireless transponder for a security system are
described. A system (100) disclosed herein includes a first transmitter (102) to
transmit an interrogation signal (104) within an interrogation zone (110), and a
marker (108) to generate a reply signal (112) in response to the interrogation signal

5 (104). The system (100) also includes a first transponder (114) to receive the reply
signal (112) at a first frequency and transmit the reply signal at a second frequency,
and a first receiver (118) to receive the reply signal at the second frequency and
convert the reply signal to the first frequency. The system (100) further includes a
controller (126) to detect the marker (108) within the interrogation zone (110) using

10  the reply signal (112) and output a marker detect signal in accordance with the

detection.
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-1-
WIRELESS TRANSPONDER FOR A SECURITY SYSTEM

BACKGROUND

[0001]  An Electronic Article Surveillance (EAS) system is designed to prevent
unauthorized removal of an item from a controlled area. A typical EAS system may
comptise a monitoring system and one or more security tags. The monitoring system
may cteate an interrogation zone at an. access point for the controlled arsa. A security
tag may be fastened to an item, such as an article of clothing. If the tagged item enters
the interTogation zone, an alaxm may be triggered indicating unauthorized removal of
the tagged item from the controlled area.

[0002] Some EAS systems may have the monitoring system positioned at a different
Jocation from the interrogation zone. Consequently, there may be some difficulty in
connecting EAS equipment positioned near the interrogation zone to the monitoring
system. Accordingly, there may be a need for improvements in EAS systems to solve
these and other problems.

US 5,223,816 describes an improved security and communication system
that accurately and quickly locates the position of a signaling portable radio frequency
transrojtter. When the transmitter is activated, a first signal, including identification
information, is emitted. The first signal is received by any of a mumber of radio
frequency relays, the signal is then manipulated and transmitted into & central

processing station as a second signal.
SUMMARY

According to a first aspect of the disclosure, there is provided an electronic
article surveillance system, comprising:

a first transmitter to transmit an interrogation signal within an interro gation
ZOne; '

a marker to generate 2 reply signal in response to said interrogation signal;

a first transponder to receive said reply signal at a first frequency, and transmit
said reply signal at a second frequency;

a first receiver 1o receive said reply signal at said second frequency, and convert
said reply signal to said first frequency; and

a controller to detect said marker within said interrogation zone using said reply

signal, and output a marker detect signal in accordance with said detection.
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According fo a second aspect of the disclosure, there is provided a method for
communication within an electronic article surveillance system, comprising:
transmitting an interrogation signal in an interrogation zone; geperating a reply signal
from a marker in response to said interrogation signal; relaying said reply signal by a
transponder; receiving said reply signal from said transponder; and determining whether

said marker is within said interrogation zone in accordance with said reply signal.

BRIEF DESCRIPTION OF THE DRAWINGS

(0003]  The subject matter regarded as the embodiments is particularly pointed out
and distinctly claimed in the conelugding portion of the specification. The embodiments,
however, both as to organization and method of operation, together with objects,
features, and advantages thercof, may best be understood by reference to the following
detailed description when read with the accompanying drawings in which:

[0004]  FIG. 1 illustrates a block diagram of a system 100 in accordance with one
embodiment;

10005]  FIG. 2 illustrates 2 block diagram of a transponder 200 in aceordance with
one embodiment;

[0006]  FIG. 3A illustrates a cireuit 300 for transponder 200 in accordance with one
embodiment;

[0007] FIC, 3B illustrates a circuit 340 for transponder 200 in accordance with one
embodiment; |

[0008] FIG. 4 illustrates a transponder 400 in accordance with one embodiment;
(0009] FIG. 5A illustrates a circuit 500 for transponder 400 in accordance with one
embodiment;

[0010]  FIG. 5B illustrates a circuit 540 for transponder 400 in accordance with one
embodiment, and

[0011]  FIG. 6 illusirates a block flow diagram 600 in accordance with one
embodiment.

DESCRIPTION OF SPECIFIC EMBODIMENTS

[0012]  Numerous specific details may be set forth herein to provide a thorough
understanding of the embodiments. It will be understood by those skilled ip the art,

1185419_1 IR 719725
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however, that the embodiments may be practiced without these specific details. In
other instances, well-known methods, procedures, components and circuits have not
been described in detail so as not to obscure the embodiments. It can be appreciated
that the specific structural and functional details disclosed herein may be
representative and do not necessarily limit the scope of the embodiments.

[0013] It is worthy to note that any reference in the specification to “one
embodiment” or “an embodiment” means that a particular feature, structure, or
characteristic described in connection with the embodiment is included in at least one
embodiment. The appearances of the phrase “in one embodiment” in various places
in the specification are not necessarily all referring to the same embodiment.

[0014]  Referring now in detail to the draWings wherein like parts may be
designated by like reference numerals throughout, there is illustrated in FIG. 1 a
system suitable for practicing one embodiment. FIG. 1 illustrates an EAS system 100.
EAS system 100 may comprise monitoring equipment configured to monitor an
interrogation zone, such an interrogation zone 110. The monitoring equipment may
be configured to detect the presence of a security tag 106 within interrogation zone
110, and to make a predetermined response upon detection, such as generating an
alarm.

[0015] EAS system 100 may comprise a number of different elements or
components. In one embodiment, EAS system 100 may partially comprise
components of an EAS system such as the UltrasMax® System made by
Sensormatic® Corporation, although the embodiments are not limited in this context.
The components may be connected by one or more types of wired or wireless
communications media. The communications media may comprise any media
capable of carrying information signals, such as metal leads, semiconductor material,
twisted-pair wire, co-axial cable, fiber optics, electromagnetic spectrum, and so forth.
The connection may comprise, for example, a physical connection or logical
connection.

[0016] In one embodiment, EAS system 100 may include a transmitter 102, a
security tag 106, a transponder 114, a transponder 116, a receiver 118, a receiver 122,
a controller 126, and an alarm system 128. Although FIG. 1 shows a limited number
of elements, it can be appreciated that any number of additional elements may be used

in system 100. The embodiments are not limited in this context.
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[0017] In one embodiment, EAS system 100 may comprise transmitter 102.
Transmitter 102 may comprise any transmitter system configured to transmit an
electromagnetic signal at a desired operating range. In one embodiment, for example,
the operating range for transmitter 102 may comprise a lower frequency range with
respect to EAS systems, such as 50 Hertz (Hz) to 13 Megahertz (MHz), or more
particularly, 73 Hz, 58 KHz, 8 MHz, and so forth. The embodiments are not limited
in this context.

[0018] Transmitter 102 may comprise a transmitter antenna operatively coupled
to an output stage. The output stage may comprise various conventional driving and
amplifying circuits, including a circuit to generate a low frequency electric current.
When the low frequency electric current is supplied to the transmitter antenna, the
transmitter antenna may generate low frequency electromagnetic signals around the
transmitter antenna. The low frequency electromagnetic signals may comprise
interrogation signal 104. Transmitter 102 may be configured to generate the
electromagnetic field with sufficient strength to cover the same area as interrogation
zone 110.

[0019] In one embodiment, EAS system 100 may comprise security tag 106.
Security tag 106 may be designed to attach to an item to be monitored. Examples of
tagged items may include an article of clothing, a Digital Video Disc (DVD) or
Compact Disc (CD) jewel case, a movie rental container, packaging material, and so
forth. The embodiments are not limited in this context.

[0020] In one embodiment, security tag 106 may comprise a tag body
encapsulating a marker 108. The security tag body may be soft or hard structure
designed to support marker 108. Marker 108 may comprise any marker suitable for
use with an EAS system. In one embodiment, for example, marker 108 may comprise
a magneto-mechanical EAS marker. Marker 108 may include an active element and a
bias element. When the bias element is magnetized in a certain manner, the resulting
bias magnetic field applied to the active element causes the active element to be
mechanically resonant at a predetermined frequency upon exposure to interrogation
signal 104 which alternates at the predetermined frequency. The resonance of marker
108 in response to interrogation signal 104 forms a reply signal 112. Reply signal 112
may be propagated through various components of EAS system 100 to controller 126

for use in detecting the presence of marker 108 within interrogation zone 110.
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[0021]  Inone embodiment, EAS system 100 may comprise receiver 118 and
receiver 122. Receivers 118 and 122 are similar in that they each may comprise any
receiver system configured to receive reply signal 112 from marker 108 via one or
more transponders 114 and/or 116. For example, receivers 118 and 122 may
comprise conventional amplifying and signal-processing circuits, such as band pass
filters, mixers and amplifier circuits. In addition, receivers 118 and 122 may each
comprise an output stage connected to controller 126 via lines 120 and 124,
respectively.

[0022] In one embodiment, receivers 118 and 122 may differ in that each receiver

may be tuned to receive reply signal 112 at different operating frequencies. In one

. embodiment, for example, receiver 122 may be configured to receive reply signal 112

at the lower frequency range as originally transmitted from marker 108. In this case,
receiver 122 may comprise part of a conventional EAS control system 132 for EAS
system 100, which may comprise receiver 122 connected via a wired connection 124
to controller 126. Receiver 118 may be configured, however, to receive reply signal
112 at a higher frequency range as used by transponder 114, as discussed in more
detail below.

[0023] In one embodiment, EAS system 100 may comprise controller 126.
Controller 126 may comprise a part of control system 132 configured to manage
various operations for EAS system 100. Controller 126 may be connected to receiver
118 via line 120, and receiver 122 via line 124. Controller 126 may receive processed
signals from receiver 118 and/or receiver 122. Controller 126 may use the processed
signals to determine whether security tag 106 is within interrogation zone 110. If
security tag 106 is detected within interrogation zone 110, controller 126 may
generate a marker detect signal and forward the signal to alarm system 130.

[0024] In one embodiment, EAS system 100 may comprise alarm system 130.
Alarm system 130 may comprise any type of alarm system to provide an alarm in
response to an alarm signal. The alarm signal may be received from any number of
EAS components, such as controller 126 via line 128. Alarm system 130 may
comprise a user interface to program conditions or rules for triggering an alarm.
Examples of the alarm may comprise an audible alarm such as a siren or bell, a visual
alarm such as flashing lights, or a silent alarm. A silent alarm may comprise, for

example, an inaudible alarm such as a message to a monitoring system for a security
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company. The message may be sent via a computer network, a telephone network, a
paging network, and so forth. The embodiments are not limited in this context.
[0025]  In general operation, transmitter 102 may communicate signals 104 into
interrogation zone 110. When marker 108 enters interrogation zone 110 it may
receive interrogation signal 104, and transmit reply signal 112 at the resonant
frequency of marker 108. Receiver 118 and/or receiver 122 may receive reply signal
112 via transponders 114 and/or 116, as discussed in more detail below. Receivers
118 and/or 122 may then process the signal into electrical current, and forward the
processed signal to controller 126. Controller 126 may receive and analyze the
processed signal to determine whether security tag 106 is within interrogation zone
110. If security tag 108 is detected within interrogation zone 110, controller 126 may
send a marker detect signal to alarm system 130. Alarm system 130 may then sound
an alarm to indicate a possible unauthorized removal of a secured item from the
controlled area.

[0026] In one embodiment, control system 132 may receive reply signal 112ina
number of different ways. For example, receiver 122 may receive reply signal 112
directly from marker 108. This may occur when control system 132 is located within
the transmission range of marker 108. There may be case, however, when control
system 132 may be positioned outside the transmission range of marker 108. This
may be desirable, for example, if interrogation zone 110 is covering a relatively large
exit for a controlled area. In this case, a plurality of receivers (e.g., receiver antennas)
may be placed in locations dispersed throughout interrogation zone 110 to provide
complete coverage of the exit for the controlled area protected by interrogation zone
110. While these remote receivers may improve overall performance of an EAS
system by providing marker detection capabilities in locations physically remote from
the EAS control system, they are often difficult and expensive to install due to the
need to run wires between control system 132 and the remote receiver antennas. In
many cases, customers also object to having trenches cut in flooring at the exits of
stores to run cables due to lost sales. Other pfoblems encountered include the need to
use expensive cable or conduit to meet building codes, and the need for expensive
shielding when these cables are routed adjacent to electrically noisy data, power

cables or other noise sources such as florescent lighting ballasts.
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[0027]  EAS system 100 may solve these and other problems through the use of
one or more transponders 1-N. More particularly, reply signals 112 may be
communicated between marker 108 and controller 126 through the use of one or more
transponders, such as transponder 114 and transponder 116. Transponders 114 and
116 may operate similar to a signal repeater in a network, as modified for use with
EAS system 100. Although only two trarispondcrs are shown in FIG. 1 for purposes
of clarity, it may be appreciated that any number of transponders may be implemented
for EAS system 100, based upon such factors as the distance between interrogation
zone 110 and receiver 122, the size of the exit for the controlled area protected by
EAS system 100, number and type of interference or noise sources, and so forth. The
embodiments are not limited in this context.

[0028] As shown in FIG. 1, reply signals 112 may be communicated between
marker 108 and controller 126 using one of two alternate paths. In the first path, reply
signals 112 may be transmitted between marker 108 and controller 126 via a single
transponder, such as transponder 114, and receiver 118. In the second path, reply
signals 112 may be transmitted between marker 108 and controller 126 via multiple
transponders, such as transponder 114 and transponder 116, as well as receiver 122.
In both paths, the repeating or retransmission operations performed by transponders
114 and 116 may be accomplished using a different frequency than the operating
frequency of transmitter 102, marker 108 and receiver 122. For example, transponder
114, transponder 116, and receiver 118 may all be configured to operate at a higher
frequency than the other components of EAS system 100. This may reduce the
amount of interference experienced by the lower frequency components of EAS
system 100, particularly receiver 122. Transponders 114 and 116, and receiver 118,
may be discussed in more detail with reference to FIGS. 2-8.

[0029] FIG. 2 illustrates a block diagram of a transponder 200 in accordance with
one embodiment. Transponder 200 may be configured to operate in several different
modes, with each mode corresponding to a different set of operating frequencies
implemented for a receiver 202 and a transmitter 204. For example, transponder 200
may have a first mode which allows it to operate as transponder 114, and a second
mode which allows it to operate as transponder 116. Selection of the first mode or
second mode allows a single type of transponder to be configured for a particular set

of operations when implemented for a particular controlled area. Alternatively, the

RAPAL Specifications\719725\719725_spec.doc
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functionality associated with the first mode may be implemented in a first type of
transponder, and the functionality associated with the second mode may be
implemented in a second type of transponder. As used herein, reference to the first
mode or second mode is intended to describe the functionality associated with a
corresponding physical transponder device. For example, a transponder 200
configured to operate in the first mode may represent transponder 114, and a
transponder 200 configured to operate in the second mode may represent transponder
116, thereby allowing transponder 200 to represent two physical devices for use with
EAS system 100.

[0030]  AsshowninFIG. 2, transponder 200 may comprise a receiver 202 and a
transmitter 204. The operating frequencies of receiver 202 and transmitter 204 may
change depending upon whether transponder 200 is implemented as transponder 114
or transponder 116. Although FIG. 2 shows a limited number of elements, it can be
appreciated that any number of elements may be used in transponder 200.

[0031]  Inone embodiment, transponder 200 may be implemented in a first mode
to operate as transponder 114. When implemented in the first mode, receiver 202
may be configured to receive reply signal 112 at a first frequency from marker 108
within interrogation zone 110 for EAS system 100. In one embodiment, the first
frequency may comprise a lower frequency, such as 50 Hz to 13 MHz, or more
particularly, 73 Hz, 58 KHz or 8 MHz. For a given implementation, the first
frequency may correspond to the operating frequency of marker 108 and reply signal
112.

[0032] In one embodiment, transponder 200 may comprise transmitter 204
connected to receiver 202. When transponder 200 is implemented in the first mode as
transponder 114, transmitter 204 may be configured to transmit reply signal 112
received by receiver 202 at a second frequency. In one embodiment, the second
frequency may comprise a higher frequency than the first frequency. For example,
the second frequency may comprise a frequency ranging between 13.01 MHz to 2.45
Gigahertz (GHz), or more particularly, a 13.56 MHz, 27 MHz, 868 MHz, 915 MHz,
2.45 GHz, and so forth. The embodiments are not limited in this context.

[0033] * In general operations for the first mode, transponder 200 may receive reply
signal 112 from marker 108 using receiver 202. Receiver 202 may pass the receiver

reply signal 112 to transmitter 204. Transmitter 204 may convert reply signal 112

R\PAL Speciﬁca!ions\ﬂ9725\719725_spec.doc
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from the first frequency to the second frequency. Transmitter 204 may communicate
reply signal 112 at the second frequency to receiver 118. Receiver 118 may be
configured to receive reply signal 112 at the second frequency, convert reply signal
112 to the first frequency, and send reply signal 112 to control system 132, such as
controller 126 via line 120.

[0034] In one embodiment, transponder 200 may be implemented in the second
mode to operate as transponder 116. When transponder 200 is implemented in the
second mode as transponder 116, receiver 202 may be configured to receive reply
signal 112 at the second frequency from transponder 114. Receiver 202 may pass
reply signal 112 to transmitter 204. Transmitter 204 may transmit reply signal 112 to
receiver 122 at the first frequency. Receiver 122 may be configured to receive reply
signal 112 at the first frequency, and send reply signal 112 to controller 126 via line
124.

[0035]  Asshown above, a pair of transponders 200 may be implemented for a
given interrogation zone 110. Use of transponders 200 increase the distance by which
reply signal 112 may be communicated to controller 126. By converting reply signal
112 between low frequency and high frequency signals, several advantages may be
achieved. For example, multiple transponders may be used to repeat reply signal 112
at a higher frequency without causing additional interference with the low frequency
components of the system. In another example, the higher frequencies offer
potentially higher amounts of available bandwidth, allowing the transponders to
communicate more information signals other than just reply signal 112, as discussed
in more detail below. In yet another example, the transponders may be seamlessly
interfaced with existing low frequency EAS systems.

[0036] In addition to the first mode and second mode, transponder 200 may also
be implemented in a third mode. In the third mode, receiver 202 may be configured
to receive reply signal 112 at the second frequency, and transmitter 204 may be
configured to transmit reply signal 112 at the same second frequency. In the third
mode, transponder 200 may be used to implement a plurality of transponders for a
given interrogation zone 110. Each transponder would repeat reply signal 112 at the
second frequency from another transponder until the signal reached a transponder
operating in the second mode, at which point reply signal 112 would be converted to

the first frequency and transmitted to receiver 122.
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[0037]  In one embodiment, transponder 200 may be implemented in a fourth
mode. In the fourth mode, receiver 202 may be configured to receive reply signal 112
at the first frequency, and transmitter 204 may be configured to transmit reply signal
at the first frequency. In the fourth mode, transponder 200 may be used to implement
a plurality of transponders for a given interro gation zone 110. Each transponder
would repeat reply signal 112 at the first frequency from another transponder until the
signal reached receiver 122. The fourth mode may result in a less complex
transponder thereby decreasing associated costs, but may increase interference with
the low frequency components of EAS system 100. Further, the fourth mode may be
used for a transponder implemented with a high frequency system, such as an EAS
system operating in the microwave range (e.g., 950 MHz or 2.45 GHz).

[0038] FIG. 3A illustrates a circuit 300 for transponder 200 in accordance with
one embodiment. Circuit 300 may comprise an example implementation
representative of transponder 200. As shown in FIG. 3, circuit 300 may comprise a
receiver antenna 302. Receiver antenna 302 may comprise an inductor I1 arranged in
parallel with a capacitor C1. Receiver antenna 302 may receive reply signal 112, and
pass reply signal 112 to transmitter 304. Transmitter 304 may comprise an amplifier
306 to receive as input reply signal 112 and output an amplified signal to mixer 308.
Transmitter may also comprise a local oscillator to provide an oscillation signal to
mixer 308. Mixer 308 receives as input the amplified signal and the oscillation signal,
and outputs reply signal 112 at the second frequency. Circuit 300 may also comprise
a power source, with the power source to comprise a battery powered circuit 312.
[0039] FIG. 3B illustrates a circuit 340 for transponder 200 in accordance with
one embodiment. Circuit 340 may comprise another example implementation
representative of transponder 200. Elements 342, 344, 346, 348 and 350 of circuit
340 may be similar to corresponding elements 302, 304, 306, 308 and 310 of circuit
300. Circuit 340 may also comprise a power source, with power source to comprise a
power circuit 352 configured to convert signals from a radio-frequency field to direct
current (DC) power. In one embodiment, circuit 340 may be powered by the ambient
transmitted field of EAS system 100, thereby obviating the need for conventional
power sources such as a battery as used in circuit 300, which may need periodic
replacement, or alternating current (AC) power from the main power supply of the

controlled area, which may need a power outlet near the transponder.
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[0040} FIG. 4 illustrates a transponder 400 in accordance with one embodiment.
Transponder 400 may be representative of transponders 114, 116, and/or 200.
Transponder 400 may comprise a receiver 402 and a transmitter 404. Receiver 402
and transmitter 404 of transponder 400 may be similar to receiver 202 and transmitter
204, respectively, of transponder 200. In addition, transponder 400 may further
include a processor 406 and memory 408, connected to receiver 402 and transmitter
404. Although FIG. 4 shows a limited number of elements, it can be appreciated that
any number of elements may be used in transponder 400.

[0041] In one embodiment, transponder 400 may comprise processor 406.
Processor 406 can be any type of processor capable of providing the speed and
functionality appropriate for the embodiments. For example, processor 406 could be
a general-purpose processor made by Intel® Corporation and others. Processor 406
may also comprise a digital signal processor (DSP) and accompanying architecture.
Processor 406 may further comprise a dedicated processor such as a network
processor, embedded processor, micro-controller, controller, analog processor, and so
forth. The embodiments are not limited in this context.

[0042] In one embodiment, transponder 400 may comprise memory 408.
Memory 408 may comprise a machine-readable medium and may include any
medium capable of storing instructions and/or data adapted to be executed by a
processor. Some examples of such media include, but are not limited to, read-only
memory (ROM), random-access memory (RAM), programmable ROM, erasable
programmable ROM, electronically erasable programmable ROM, dynamic RAM,
magnetic disk (e.g., floppy disk and hard drive), optical disk (e.g., CD-ROM), and so
forth.

[0043] In general operation, transponder 400 may be one type of transponder used
to communicate reply signal 112 between various transponders located in or near
interrogation zone 110 to increase the distance between interrogation zone 110 and
control system 132. In addition, receiver 402 may receive reply signal 112, and pass
reply signal 112 to processor 406. Processor 406 may qualify reply signal 112, and
output a data signal representative of reply signal 112. Transmitter 404 may transmit
the data signal to another transponder, and/or receiver 118 or receiver 122.

[0044] The qualification operation may provide several advantages. For example,

processor 406 may be used to ensure that reply signal 112 is actually a reply signal
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from marker 108, versus false noise signatures from other objects within interrogation
zone 110, such as radios, magnets, electronic devices, power sources, and so forth. If
reply signal 112 is qualified as originating from marker 108, transmitter 404 may
transmit the data signal to receiver 118 or receiver 122. If reply signal 112 is
determined to be a false signal, transponder 400 may be configured to perform any
number of operations, such as dropping the false signal to reduce bandwidth demands,
maintain a log of false signals, and so forth. The embodiments are not limited in this
context.

[0045] In another example, transponder 400 may be configured to perform
operations similar to those found in a Radio Frequency Identification (RFID) system.
A RFID system is designed to operate with security tags using an RFID chip in
addition to, or instead of, marker 108. The RFID chip may transmit information in
addition to a signal indicating the presence of security tag 106 within interrogation
zone 110, such as a unique identifier for security tag 106. This may be particularly
advantageous for use with inventory systems, for example. Similarly, transponder
400 may transmit information about marker 108 in addition to reply signal 112. For
example, transponder 400 may be positioned within a certain location within
interrogation zone 110, such as particular aisle in a grocery store. Consequently,
transponder 400 may repeat reply signal 112, and may also append information
regarding the particular location or area where reply signal 112 was received, a unique
identifier for transponder 400, a date and time when reply signal 112 was received,
and so forth. The embodiments are not limited in this context.

[0046] In yet another example, transponder 400 may also be used to create a data
network as part of EAS system 100. Multiple transponders 400 may be implemented
throughout interrogation zone 110, and data may be communicated between the
transponders for various applications. For example, controller 126 may communicate
configuration information to one or more transponders 400 for various parts of EAS
system 100, including the transponders themselves. In another example, EAS system
100 may be remotely managed via transponder 400, allowing such operations as
remote monitoring, remote configuration, remote troubleshooting, and so forth. In yet
another example, transponder 400 may offer access to other data networks accessible
by EAS system 100, such as the Internet or World Wide Web (WWW). The

embodiments are not limited in this context.
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[0047]  In accordance with the above examples, receiver 118 or receiver 122 may
further comprise components needed to receive and interpret the digital data signal,
and may send the data signal to controller 126. Controller 126 may also be modified
to perform detection in accordance with the data signal.

[0048] FIG. 5A illustrates a circuit 500 for transponder 400 in accordance with
one embodiment. Circuit 500 may comprise an example implementation
representative of transponder 400. Elements 502, 504, 506, 508, 510 and 512 of
circuit 500 may be similar to corresponding elements 302, 304, 306, 308, 310 and 312
of circuit 300. In addition, circuit 500 may comprise a processor 514 to implement
the operations discussed with reference to transponder 400 of FIG. 4.

[0049] FIG. 5B illustrates a circuit 540 for transponder 400 in accordance with
one embodiment. Elements 542, 544, 546, 548, 550 and 552 of circuit 540 may be
similar to corresponding elements 342, 344, 346, 348, 350 and 352 of circuit 340. In
addition, circuit 540 may comprise a processor 554 to implement the operations
discussed with reference to transponders 400 of FIG. 4.

[0050] FIG. 6 illustrates a block flow diagram 600 in accordance with one
embodiment. Diagram 600 may illustrate a set of operations that may be
representative of the operations executed by one or more components of EAS system
100 as described herein, such as transponders 200, 300, 400, and 500, as well as
others. As shown in diagram 600, an interrogation signal may be transmitted in an
interrogation zone at block 602. A reply signal may be generated from a marker in
response to the interrogation signal at block 604. The reply signal may be repeated by
a transponder at block 606. The reply signal may be received from the transponder at
block 608. A determination whether the marker is within the interrogation zone in
accordance with the reply signal at block 610.

[0051] In one embodiment, the reply signal may be repeated by the transponder at
block 606 by receiving the reply signal at a first frequency. The reply signal may be
converted to a second frequency. The reply signal may be transmitted at the second
frequency.

[0052] In one embodiment, the reply signal may be received from the transponder
at block 608 by receiving the reply signal at the second frequency. The reply signal

may be converted to the first frequency. The reply signal may be sent to a controller.

13

R:A\PAL Spociﬁcations\719725\7l9‘725_spcc.doc



Q)
-]
-]
Q\
>
=
N
-
O
ﬂ-
@)}
—
-]
5\
Q)
-]
-]
Q\

10

15

20

25

30

[0053] In one embodiment, the reply signal may be received from the transponder
at block 608 by receiving the reply signal at the second frequency by a second
transponder. The reply signal may be converted to the first frequency. The reply
signal may be transmitted at the first frequency. The reply signal may be receive at
the first frequency, and sent to controller.

[0054] As discussed previously, EAS system 100 may be implemented using a
plurality of transponders. In this case, each transponder may represent a
communication node. A communication node may comprise any physical or logical
entity having a unique address in system 100. The unique address may comprise, for
example, a network address such as an Internet Protocol (IP) address, device address
such as a Media Access Control (MAC) address, and so forth. The embodiments are
not limited in this context.

[0055] The nodes may be connected by one or more types of communications
media. The communications media may comprise any media capable of carrying
information signals, such as metal leads, semiconductor material, twisted-pair wire,
co-axial cable, fiber optics, RF spectrum, and so forth. The connection may comprise,
for example, a physical connection or logical connection.

[0056] The nodes may be connected to the communications media by one or more
input/output (I/O) adapters. The /O adapters may be configured to operate with any
suitable technique for controlling communication signals between computer or
network devices using a desired set of communications protocols, services and
operating procedures. The I/O adapter may also include the appropriate physical
connectors to connect the /O adapter with a given communications medium.
Examples of suitable /O adapters may include a network interface card (NIC),
radio/air interface, and so forth.

[0057] The nodes of system 100 may be configured to communicate different
types of information, such as media information and control information. Media
information may refer to any data representing content meant for a user, such as voice
information, video information, audio information, text information, alphanumeric
symbols, graphics, images, and so forth. Control information may refer to any data
representing commands, instructions or control words meant for an automated system.

For example, control information may be used to route media information through a
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system, or instruct a node to process the media information in a predetermined
manner.

[0058] The nodes may communicate the media and control information in
accordance with one or more protocols. A protocol may comprise a set of predefined
rules or instructions to control how the nodes communicate information between each
other. The protocol may be defined by one or more protocol standards, such as the
standards promulgated by the Internet Engineering Task Force (IETF), International
Telecommunications Union (ITU), and so forth. For example, each transponder may
communicate data between each other in accordance with the 802.11 family of
protocols.

[0059] It is worthy to note that the terms “first”, “second”, “third” and “fourth” as
used herein are logical descriptors used to denote different physical elements,
components or devices, for purposes of clarity of description. A given logical
descriptor, however, is not necessarily limited to the same physical element,
component or device, in which the logical descriptor originally references. For
example, the terms “first receiver” and “second receiver” are intended herein to mean
two different receivers, and not necessarily the receivers originally described as the
“first receiver” and “second receiver.”

[0060] All or portions of an embodiment may be implemented using an
architecture that may vary in accordance with any number of factors, such as desired
computational rate, power levels, heat tolerances, processing cycle budget, input data
rates, output data rates, memory resources, data bus speeds and other performance
constraints. For example, an embodiment may be implemented using software
executed by a processor. In another example, an embodiment may be implemented as
dedicated hardware, such as a circuit, an application specific integrated circuit
(ASIC), Programmable Logic Device (PLD) or digital signal processor (DSP), and so
forth. In yet another example, an embodiment may be implemented by any
combination of programmed general-purpose computer components and custom

hardware components. The embodiments are not limited in this context.
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The claims defining the invention are follows:
1. An electronic article surveillance system, comprising:

a first transmmitter to transmit an interrogation signal within an interrogation. zone;

a marker o generate a reply signal in response to said interrogation signal;

a first transponder to receive said reply signal at a first frequency, and transmit
said reply signal at a second frequency;

a first receiver to receive said reply signal at said second frequency, and convert
said reply signal to said first frequency; and

a controller to detect said marker within said interrogation zone usig said reply
signal, and output a marker detect signal in accordance with said detection.
2. The system of claim 1, wherein said first transponder comprises:

a second receiver to Teceive said reply signal from said marker at said first
frequency; and

a second transmitter to commect to said second receiver, said second transmitter to
transmit said reply signal at said second frequency.
3. The system of claim 2, wherein said first frequency comprises a lower frequency
in a range between 50 Hertz to 13 Megahertz, and said second frequency comprises a
higher frequency in a range between 13.01 Megahertz to 2.45 Gigahertz.
4. The system of claim 2, wherein said first frequency comptises a higher frequency

in a range between 13.01 Megahertz to 2,45 Gigahertz, and said second frequency
comptises a lower frequency in a range between 50 Hertz to 13 Megahertz,

5. The system of claim 2, wherein said first frequency corresponds to said second
frequency.
6. The system of claim 2, wherein said second receiver comprises an inductor-

capacitor antenna.
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7. The system of claim 2, wherein said second transmitter comprises:

an amplifier to receiver as input said reply signal and output an amplified signal;

a local oscillator to provide an oscillation signal; and

a mixer to connect to said amplifier and local oscillator, said mixer to receive as
input said anﬁpliﬂed signal and said oscillation signal and output said reply signal at said

second frequency.

8. The system of claim 2, further comprising 2 power source to provide power to
said second receiver and said second transmitter, said power source to comprise a battery

powered circuit.

9. The system. of claim 2, further comprising a power source 0 provide power to
said second receiver and said second transmitter, said power source io comprise a power
circuit configured to convert signals from a radio-frequency field to direct current.

10. The system of claim. 2, firther comprising a processor o receive as input said
reply signals, qualify said reply signals, and output a data signal representative of said
reply signals.

11. The system of claim 2, wherein said processor comprises one of a digital
processor or analog processor, and said data signal comprises a digital data signal or

analog data signal, respectively.

12. The system of ¢laim 2, further comprising a second transponder comprising:
a third receiver to receive said reply signal from said second transmitter at said

second frequency; and
a third transmitter to comnect to said third receiver, said third transmitter to

transmit said reply signal at said first frequency.

13. The system of claim 12, wherein said second transponder further comprises 2
processor to Teceive as input said reply signal, qualify said reply signal, and output 2 data
signal representative of said reply signals,

11844501 IRN: 710728
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14. A method for communication within an electronic article surveillance system,
comprising:
transmitting an interrogation signal in an interrogation Zone;
generating a reply signal from a marker in response to said interrogation signal;
5 relaying said reply signal by a transponder;
receiving said reply signal from said transponder; and
determining whether said marker is within said interrogation zone in accordance

with said reply signal.

10 15, The method of claim 14, wherein said relaying comprises:

2005201946 03 Apr 2008

receiving said reply signal at a fixst frequency;
converting said reply signal to a second frequency; and
transmitting said reply signal at said second frequency.

15 16, The method of claim 15, wherein receiving said reply signal from said
transponder comprises:
receiving said reply signal at said second f{requency;
converting said reply signal to said first frequency; and
sending said reply signal to a controlier.
20
17, The method of claim 14, further comprising:
receiving said reply signal at said second frequency by a second transponder;
converting said reply signal to said first frequency; and
trapsmitting said rely signal at said first frequency.

25
18. The method of claim 17, wherein receiving said reply signal from said

trangponder comprises:
receiving said reply signal at said first frequency; and
sending said reply signal to a controller.

30

19. An electronic article surveillance system substantially as described herein with

reference to the accompanying drawings.
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20. A method for communication within an electronic article surveillance system, said
method being substantially as described herein with reference to the accompanying

drawings,

5 DATED this Third Day of April, 2008
Sensormatic Electronics Corporation
Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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