(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
24 March 2022 (24.03.2022)

‘O 0000 0O 0
(10) International Publication Number

WO 2022/061356 A2

WIPO I PCT

(51) International Patent Classification: Raton, Florida 33487 (US). TORRECILLA, David; c/o
GO6K 19/07 (2006.01) GO6K 7/10 (2006.01) SENSORMATIC ELECTRONICS, LLC, 6600 Congress
(21) Tnternational Application Number: AYenue, Boca Ratop, Florida 33'487 (US). SOTO, Manuel
PCT/US2021/071486 A.; c¢/o Sensormatic ElecFromcs, LLC, 6600 Congress
Avenue, Boca Raton, Florida 33487 (US). BERGMAN,
(22) International Filing Date: Adam S.; c/o Sensormatic Electronics, LLC, 6600 Congress
16 September 2021 (16.09.2021) Avenue, Boca Raton, Florida 33487 (US).
(25) Filing Language: English (74) Agent: BINDSEIL, James J. et al.; ARENT FOX, LLP,
(26) Publication Language: English ;gégéﬁﬁe&j IgT)W WASHINGTON, District of Columbia
(30) Priority Data: . o
63/079.755 17 September 2020 (17.09.2020) US (81) lI()_eSIgnated_ States (unl_ess olhe_rwme 'lndlcaled, Jfor every
ind of national protection available): AE, AG, AL, AM,
63/080,500 18 September 2020 (18.09.2020) US AO, AT. AU, AZ. BA, BB, BG, BH. BN, BR, BW, BY, BZ.
17/476,167 15 September 2021 (15.09.2021) US CA. CIL CL. CN, CO, CR, CU, CZ, DE, DJ. DK, DM. DO,
(71) Applicant: SENSORMATIC ELECTRONICS, LLC DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
[US/US];, 6600 Congress Avenue, Boca Raton, Florida HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
33487 (US). KP, KR, KW, KZ LA, LC,LK, LR, LS, LU, LY, MA, MD,
, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
(72) Inventors: TRIVELPIECE, Steve E.; c/o Sensormatic

Electronics, LLC, 6600 Congress Avenue, Boca Raton,
Florida 33487 (US). RAYNESFORD, Steven J.; c/o Sen-
sormatic Electronics, LLC, 6600 Congress Avenue, Boca

NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(54) Title: METHODS AND APPARATUSES FOR DETERMINING A POSITION OF A SECURITY TAG

100

\_\

S
g | RFID Component 142 |
RFID g
Device | Determination Component 144 |
240
Magnetic
Device
250
—

154

156

strength
-

/ distance

FIG. 1

woO 2022/061356 A2 | NI 0000 KO0 00000 0 0 0

(57) Abstract: Aspects of the present disclosure include methods, systems, and non-transitory computer readable media for receiving
a magnetic signal from a magnetic signal transmitter, determining a strength of the magnetic signal at the security tag, receiving a
radio frequency identification (RFID) interrogatory signal from a RFID scanner, and transmitting a RFID response signal, to the RFID
scanner, indicating the strength of the magnetic signal.

[Continued on next page]



WO 2022/061356 A2 | {11000 000 00O O 0O

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



WO 2022/061356 PCT/US2021/071486

METHODS AND APPARATUSES FOR DETERMINING A POSITION OF A
SECURITY TAG

CROSS-REFERENCE TO RELATED APPLICATIONS
[001] The current application claims priority to United States Non-Provisional
Application No. 17/476,167 filed on September 15, 2021 entitled “METHODS AND
APPARATUSES FOR DETERMINING A POSITION OF A SECURITY TAG”, and
United States Provisional Application No. 63/079,755 filed on September 17, 2020
entitled “METHODS AND APPARATUSES FOR DETERMINING A POSITION OF
A SECURITY TAG,” and United States Provisional Application No. 63/080,500 filed on
September 18, 2020 entitled “METHODS AND APPARATUSES FOR TRIGGERING
A RFID LOGIC,” the contents of which are hereby incorporated by reference in their

entireties.

BACKGROUND
[002] A radio frequency identification (RFID) system may include one or more RFID
scanners, and a number of RFID tags each associated with one or more items of
merchandise. The RFID system may be useful in managing inventory, tracking the items
of merchandise, and/or loss prevention. In the RFID system, a RFID scanner may
transmit a RFID interrogatory signal to a RFID tag. In response to receiving the RFID
interrogatory signal, the RFID tag may transmit a RFID response signal back to the RFID
scanner. However, the RFID scanner may be unable to accurately ascertain the location
of the RFID tag based on the interrogatory RFID signal. For example, the RFID scanner
(or reader) may be unable to accurately determine when the RFID tags are approaching
the point of sale because the RFID scanner/reader may be unable to ascertain the location

of the RFID tags. Therefore, improvements in RFID tag positioning may be desirable.

SUMMARY
[003] This summary is provided to introduce a selection of concepts in a simplified form
that are further described below in the DETAILED DESCRIPTION. This summary is not
intended to identify key features of the claimed subject matter, nor is it intended to be

used as an aid in determining the scope of the claimed subject matter.
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[004] Aspects of the present disclosure include methods, systems, and non-transitory
computer readable media for receiving a magnetic signal from a magnetic signal
transmitter, determining a strength of the magnetic signal at the security tag, receiving a
radio frequency identification (RFID) interrogatory signal from a RFID scanner, and
transmitting a RFID response signal, to the RFID scanner, indicating the strength of the
magnetic signal.

[005] An aspect of the present disclosure includes a method including receiving a
magnetic signal from a magnetic signal transmitter, determining a strength of the
magnetic signal at the security tag, receiving a radio frequency identification (RFID)
interrogatory signal from a RFID scanner, and transmitting a RFID response signal, to the
RFID scanner, indicating the strength of the magnetic signal.

[006] Aspects of the present disclosure includes a security tag having a memory, a
magnetic field sensing device configured to receive a magnetic signal from a magnetic
signal transmitter and determine a strength of the magnetic signal at the security tag, and
aradio frequency identification (RFID) device configured to receive a RFID interrogatory
signal from a RFID scanner and transmit a RFID response signal, to the RFID scanner,
indicating the strength of the magnetic signal.

[007] Aspects of the present disclosure include methods, security tags, and non-
transitory computer readable media for obtaining a transmission strength of a magnetic
signal transmitted from a magnetic signal transmitter to the a security tag, transmitting a
RFID interrogatory signal to the security tag from the RFID scanner, receiving a RFID
response signal, from the security tag, indicating a reception strength of the magnetic
signal received at the security tag, and determining a distance between the security tag
and the magnetic signal transmitter based on the transmission strength of the magnetic
signal and the reception strength of the magnetic signal.

[008] Aspects of the present disclosure include methods, systems, and non-transitory
computer readable media for transmitting an interrogatory magnetic signal to a RFID tag,
receiving, from the RFID tag, a response magnetic signal in response to the interrogatory
magnetic signal, determining whether the RFID tag is within a threshold distance based
on the response magnetic signal, and performing a RFID logic or operation in response
to determining that the RFID tag is within the threshold distance.

[009] An aspect of the present disclosure includes a method including transmitting an

interrogatory magnetic signal to a RFID tag, receiving, from the RFID tag, a response
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magnetic signal in response to the interrogatory magnetic signal, determining whether the
RFID tag is within a threshold distance based on the response magnetic signal, and
performing a RFID logic or operation in response to determining that the RFID tag is
within the threshold distance.

[0010] Aspects of the present disclosure includes a RIFD system having a magnetic
signal device configured to transmit an interrogatory magnetic signal to a RFID tag and
receive, from the RFID tag, a response magnetic signal in response to the interrogatory
magnetic signal, a RFID reader configured to determine whether the RFID tag is within
a threshold distance based on the response magnetic signal and perform a RFID logic or
operation in response to determining that the RFID tag is within the threshold distance.
[0011] Aspects of the present disclosure include non-transitory computer readable media
for transmitting an interrogatory magnetic signal to a RFID tag, receiving, from the RFID
tag, a response magnetic signal in response to the interrogatory magnetic signal,
determining whether the RFID tag is within a threshold distance based on the response
magnetic signal, and performing a RFID logic or operation in response to determining
that the RFID tag is within the threshold distance.

[0012] Aspects of the present disclosure include methods, RFID tags, and non-transitory
computer readable media for receiving an indication from a magnetic signal device
indicating that a RFID tag is within a threshold distance of the magnetic signal device and
performing a RFID logic or operation in response to receiving the indication indicating

that the RFID tag is within the threshold distance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The features believed to be characteristic of aspects of the disclosure are set forth
in the appended claims. In the description that follows, like parts are marked throughout
the specification and drawings with the same numerals, respectively. The drawing figures
are not necessarily drawn to scale and certain figures may be shown in exaggerated or
generalized form in the interest of clarity and conciseness. The disclosure itself, however,
as well as a preferred mode of use, further objects and advantages thereof, will be best
understood by reference to the following detailed description of illustrative aspects of the
disclosure when read in conjunction with the accompanying drawings, wherein:

[0014] FIG. 1 illustrates an example of an environment for determining a position of a

security tag in accordance with aspects of the present disclosure;
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[0015] FIG. 2 illustrates an example of a radio frequency identification (RFID) scanner
and a security tag in accordance with aspects of the present disclosure;

[0016] FIG. 3 illustrates an example of a method for receiving a magnetic signal for
determining a position of a security tag accordance with aspects of the present disclosure;
[0017] FIG. 4 illustrates an example of a method for determining a position of a security
tag in accordance with aspects of the present disclosure;

[0018] FIG. 5 illustrates an example of an environment for triggering a radio frequency
identification (RFID) logic or operation in accordance with aspects of the present
disclosure;

[0019] FIG. 6 illustrates examples of a RFID reader, a magnetic signal device, and a
RFID tag in accordance with aspects of the present disclosure;

[0020] FIG. 7 illustrates an example of a first method for triggering a RFID logic or
operation in accordance with aspects of the present disclosure;

[0021] FIG. 8 illustrates an example of a second method for triggering a RFID logic or
operation in accordance with aspects of the present disclosure; and

[0022] FIG. 9 illustrates an example of a computer system in accordance with aspects of

the present disclosure.

DETAILED DESCRIPTION

[0023] The following includes definitions of selected terms employed herein. The
definitions include various examples and/or forms of components that fall within the
scope of a term and that may be used for implementation. The examples are not intended
to be limiting.

[0024] In some implementations, a radio frequency identification (RFID) system may be
useful in a retail store. For example, the RFID scanner may track and/or manage a
security tag associated with a item of merchandise (e.g., whether the item of merchandise
is still in the store or has been sold, electronically update the price of the item of
merchandise, electronically update the item of merchandise information, etc.). In some
instances, it may be useful for the RFID scanner to track the physical position of the
security tag (and the attached item of merchandise). For example, it may be desirable for
the retail store to track the physical position of the security tag (and the attached item of

merchandise) to prevent theft (e.g., intentional removal of the item of merchandise
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without proper payment), loss (accidental removal of the item of merchandise), or other
unauthorized removal of items of merchandise.

[0025] However, it may be difficult for the RFID scanner to track the physical position
of the security tag within retail store because interference, obstruction, and other effects
may obscure the RFID signal transmission/reception between the RFID scanner and the
security tag. When the RFID scanner transmits a RFID signal to the security tag, the
security tag may be unable to use the strength of the received RFID signal to assess the
distance between the RFID scanner and the security tag.

[0026] In some aspects of the present disclosure, the RFID system may include the RFID
scanner, a magnetic signal transmitter, and at least one security tag. The magnetic signal
transmitter may include a magnetic driver configured to transmit a magnetic signal to the
security tag. The strength of the magnetic signal may diminish as the magnetic signal
propagates from the magnetic signal transmitter to the security tag. The security tag may
include a RFID device and a magnetic device. The magnetic device may be configured
to receive the magnetic signal. The magnetic device may be configured to determine the
strength of the magnetic signal received at the security tag. The RFID scanner may
transmit a RFID interrogatory signal to the security tag. In response, the security tag may
transmit a RFID response signal to indicate the strength of the magnetic signal determined
at the security tag. The RFID scanner may determine a distance between the security tag
and the magnetic device based on the strength of the magnetic signal.

[0027] In some instances, if an item of merchandise (with the security tag attached)
moves beyond a threshold distance (e.g., outside of the retail store) without proper
payment, the RFID scanner may detect an unauthorized removal of the item of
merchandise. An advantage of the RFID system described in the disclosure includes
utilizing existing magnetic signal transmitters in retail stores to track the security tags.
[0028] In the current application, position may include a precise location or a relative
distance from at least one reference point (e.g., a magnetic signal transmitter).

[0029] In an example implementation according to aspects of the present disclosure,
certain actions taken by the RFID reader may be triggered when the RFID tags are within
a certain distance of the RFID reader. As stated above, it may be difficult for the RFID
reader to track the physical position of the RFID tag within retail store because
interference, obstruction, and other effects may obscure the RFID signal

transmission/reception between the RFID reader and the RFID tag. Without the ability
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to accurately track the physical position, the RFID reader may continuously transmit
interrogatory signals to communicate with the RFID tags. However, regulatory
restrictions and environmental policies may prevent the RFID reader from continuously
transmitting interrogatory signals.

[0030] In some aspects of the present disclosure, the RFID system may include the RFID
reader, the magnetic signal device, and at least one RFID tag. The magnetic signal device
may transmit one or more interrogatory magnetic signals. In response to receiving at least
one of the one or more interrogatory magnetic signals, the RFID tag may transmit a
response magnetic signal back to the magnetic signal device. Based on the response
magnetic signal, the RFID system may determine that the RFID tag is within a threshold
distance of the RFID system (or a component of the RFID system). In response, the RFID
reader may be triggered to perform a logic. Examples of the logic includes updating
inventory, completing a sale, etc.

[0031] Referring to FIG. 1, in a non-limiting implementation, an example of an
environment 100 (e.g., a retail store) for determining a position of a security tag may
include a security tag 104 attached to the item of merchandise 102. The security tag 104
may include a RFID device 240 configured to transmit and/or receive RFID signals. The
security tag 104 may include a magnetic field sensing device 250 configured to transmit
and/or receive magnetic signals (e.g., electro-magnetic signals or acousto-magnetic
signals). The magnetic field sensing device 250 may be configured to measure the
strength of the magnetic signals received at the security tag 104. In some
implementations, the RFID device 240 and the magnetic field sensing device 250 may be
separate devices (e.g., separate semiconductor chips). In other implementations, the
RFID device 240 and the magnetic field sensing device 250 may be integrated into a
single device (e.g., a single semiconductor chip).

[0032] In an aspect, the environment 100 may include a magnetic signal transmitter 114
configured to transmit a magnetic signal having a transmission strength at the magnetic
signal transmitter 114 and a reception strength, less than the transmission strength, at the
security tag 104. The magnetic signal transmitter 114 may be configured to encode a
unique identifier of the magnetic signal transmitter 114 into the magnetic signal. For
example, the magnetic signal transmitter 114 may encode the unique identifier into a
waveform (frequency, shape of wave, amplitude, phase, etc.) of the magnetic signal. If

the environment 100 includes multiple magnetic signal transmitters, each may transmit a
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unique waveform indicating the associated unique identifier. For example, the first
transmitter may transmit square waves and the second transmitter may transmit triangular
waves. In another example, the first transmitter may transmit a first amplitude modulated
magnetic signal indicating a first identifier of “01,” and the second transmitter may
transmit a second amplitude modulated signal indicating a second identifier of “10.”
[0033] In one aspect of the present disclosure, the environment 100 may include a RFID
scanner 112 configured to transmit and/or receive RFID signals. The RFID scanner 112
may include a RFID component 142 configured to transmit and/or receive RFID signals.
The RFID scanner 112 may include a determination component 144 configured to
determine a distance between the security tag 104 and a magnetic signal transmitter 114
based on the strengths of the magnetic signal at the magnetic signal transmitter 114 and
at the security tag 104. One or more of the RFID component 142 and/or the determination
component 144 may be configured as hardware (e.g., application specific integrated
circuit, application processors, field programmable gate arrays, etc.), software (e.g.,
instructions stored in a memory executed by a processor of the RFID scanner 112), or a
combination thereof.

[0034] During operation, in some instances, the magnetic signal transmitter 114 may
transmit a magnetic signal 152 having a transmission strength 154 at the magnetic signal
transmitter 114 to the security tag 104. The strength of the magnetic signal 152 may
decrease as the magnetic signal 152 propagates from the magnetic signal transmitter 114
to the security tag 104. In one example, the strength of the magnetic signal 152 may
decrease as a function of the propagation distance. Specifically, the strength of the
magnetic signal 152 may decrease as an inverse cubic function of the propagation
distance. For example, as the magnetic signal 152 propagates from a distance of / to a
distance of 2/, the strength of the magnetic signal 152 may decrease by a factor of 8. As
the magnetic signal 152 reaches the security tag 104, the magnetic signal 152 may have
a reception strength 156.

[0035] In some implementations, the magnetic field sensing device 250 of the security
tag 104 may receive the magnetic signal 152 having the reception strength 156. The
magnetic field sensing device 250 of the security tag 104 may determine a value of the
reception strength 156 of the magnetic signal 152. For example, the security tag 104 may
measure an amplitude, an instantaneous power level, and/or an average power level of the

magnetic signal 152.
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[0036] In certain implementations, the RFID component 142 of the RFID scanner 112
may transmit an interrogatory RFID signal 164 to the RFID device 240 of the security tag
104. In response, the RFID component 142 of the RFID scanner 112 may receive a
response RFID signal 166 including a value associated with the reception strength 156 of
the magnetic signal 152. For example, the response RFID signal 166 may include a value
representing the amplitude, the instantaneous power level, and/or the average power level
of the magnetic signal 152.

[0037] In some variations, the determination component 144 of the RFID scanner 112
may determine the distance between the security tag 104 and the magnetic signal
transmitter 114 based on the transmission strength 154 and the reception strength 156 of
the magnetic signal 152. For example, the determination component 144 of the RFID
scanner 112 may compute the distance between the security tag 104 and the magnetic
signal transmitter 114 by subtracting the value of the transmission strength 154 by the
value of the reception strength 156. The determination component 144 may compute the
square root (for far field radiation) or cube root (for near field radiation) of the difference
between the value of the transmission strength 154 by the value of the reception strength
156 to obtain the distance between the security tag 104 and the magnetic signal transmitter
114. In one instance, the determination component 144 may obtain the value of the
transmission strength 154 from the magnetic signal transmitter 114. The magnetic signal
transmitter 114 may transmit the value of the transmission strength 154 to the RFID
scanner 112. The determination component 144 may obtain the value of the transmission
strength 154 from a server (not shown). The value of the transmission strength 154 may
be input into the RFID scanner 112.

[0038] Referring to FIGs. 1 and 2, an example of the RFID scanner 112 may be
configured to transmit the interrogatory RFID signal 164 and/or receive the response
RFID signal 166. The RFID scanner 112 may include a processor 210 that executes
instructions stored in a memory 212 for determining the distance based on the magnetic
signal strength as described herein. The RFID scanner 112 may include the memory 212.
[0039] The term “processor,” as used herein, can refer to a device that processes signals
and performs general computing and arithmetic functions. Signals processed by the
processor can include digital signals, data signals, computer instructions, processor
instructions, messages, a bit, a bit stream, or other computing that can be received,

transmitted and/or detected. A processor, for example, can include microprocessors,
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microcontrollers, digital signal processors (DSPs), field programmable gate arrays
(FPGAs), programmable logic devices (PLDs), state machines, gated logic, discrete
hardware circuits, and other suitable hardware configured to perform the various
functionality described herein. The term “memory,” as used herein, can include volatile
memory and/or nonvolatile memory. Non-volatile memory can include, for example,
ROM (read only memory), PROM (programmable read only memory), EPROM (erasable
PROM) and EEPROM (electrically erasable PROM). Volatile memory can include, for
example, RAM (random access memory), synchronous RAM (SRAM), dynamic RAM
(DRAM), synchronous DRAM (SDRAM), double data rate SDRAM (DDR SDRAM),
and direct RAM bus RAM (DRRAM).

[0040] The term “memory,” as used herein, can include volatile memory and/or
nonvolatile memory. Non-volatile memory can include, for example, ROM (read only
memory), PROM (programmable read only memory), EPROM (erasable PROM) and
EEPROM (electrically erasable PROM). Volatile memory can include, for example,
RAM (random access memory), synchronous RAM (SRAM), dynamic RAM (DRAM),
synchronous DRAM (SDRAM), double data rate SDRAM (DDR SDRAM), and direct
RAM bus RAM (DRRAM).

[0041] In some implementations, the RFID scanner 112 may include a RFID driver 220
configured to transmit and/or receive RFID signals via a scanner coil 222. The RFID
scanner 112 may include the scanner coil 222.

[0042] In some implementations, the processor 210 may include the RFID component
142 that causes the RFID driver 220 to transmit the interrogatory RFID signal 164, via a
scanner coil 222, to the security tag 104. The RFID driver 220 may energize the scanner
coil 222 to transmit the interrogatory RFID signal 164. The scanner coil 222 may include
one or more inductors that transmit or receive electromagnetic signals. Alternatively or
additionally, the scanner coil 222 may be a dipole antenna.

[0043] In certain implementations, the processor 210 may include the determination
component 144 that determines the distance between the security tag 104 and the
magnetic signal transmitter 114 based on the transmission strength and the reception
strength of the magnetic signal 152.

[0044] In some implementations, the magnetic signal transmitter 114 may include a

magnetic driver 230 that transmits the magnetic signal 152 via the transmitter coil 232.
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The magnetic signal transmitter 114 may include a transmitter coil 232 for transmitting
the magnetic signal 152.

[0045] Additionally, in some non-limiting examples, the security tag 104 may include the
RFID device 240 that transmits the response RFID signal 166 and/or receives the
interrogatory RFID signal 164 via a tag coil 242. The security tag 104 may include the
magnetic field sensing device 250 that receives the magnetic signal 152 via a magnetic
coil 252. The security tag 104 may include the tag coil 242 for transmitting the response
RFID signal 166 and/or receiving the interrogatory RFID signal 164 via the tag coil 242.
The security tag 104 may include the magnetic coil 252 for receiving the magnetic signal
152.

[0046] During operation, in some implementations, the processor 210, the memory 212,
the RFID component 142, the determination component 144, the RFID driver 220, and/or
the scanner coil 222 may obtain the transmission strength 154 of the magnetic signal 152
transmitted from the magnetic signal transmitter 114 to the security tag104. For example,
the determination component 144 may obtain the transmission strength 154 stored in the
memory 212.

[0047] In some implementations, the magnetic driver 230 of the magnetic signal
transmitter 114 may transmit the magnetic signal 152 to the security tag 104 via the
transmitter coil 232. The magnetic field sensing device 250 and/or magnetic coil 252
may receive the magnetic signal 152 from the magnetic signal transmitter 114. The
magnetic driver 230 may transmit a transmitter identification associated with the
magnetic signal transmitter 114 to indicate the source of the magnetic signal 152. The
modulation of the magnetic signal 152 may indicate the transmitter identification.

[0048] In an implementation, the magnetic field sensing device 250 may determine the
reception strength 156 of the magnetic signal 152 at the security tag 104. In some
instances, the magnetic field sensing device 250 may utilize hardware and/or software
known to one skilled in the art to determine the reception strength 156. For example, the
magnetic field sensing device 250 may include a wattmeter to measure the power level of
the magnetic signal 152. In another example, the magnetic field sensing device 250 may
include an ammeter and/or a voltmeter to measure the magnetic signal 152.

[0049] In some instances, the processor 210, the memory 212, the RFID component 142,
the RFID driver 220, and/or the scanner coil 222 may transmit the RFID interrogatory

signal 164 to the security tag 104 from the RFID scanner 112. The RFID device 240
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and/or the tag coil 242 may receive the RFID interrogatory signal 164 from the RFID
scanner 112.

[0050] In some examples, the RFID device 240 and/or the tag coil 242 may transmit the
RFID response signal 166, to the RFID scanner 112, indicating the reception strength 156
of the magnetic signal 152. The processor 210, the memory 212, the RFID component
142, the RFID driver 220, and/or the scanner coil 222 may receive the RFID response
signal 166, from the security tag 104, indicating the reception strength 156 of the magnetic
signal 152 received at the security tag 104.

[0051] In an implementation, the processor 210, the memory 212, and/or the
determination component 144 may determine a distance between the security tag 104 and
the magnetic signal transmitter 114 based on the transmission strength 154 of the
magnetic signal 152 and the reception strength 156 of the magnetic signal 152.

[0052] Turning to FIG. 3, an example of a method 300 for determining and/or reporting
a reception strength of a magnetic signal may be performed by the security tag 104 and/or
one or more of the RFID device 240, the tag coil 242, the magnetic field sensing device
250, and/or the magnetic coil 252.

[0053] At block 302, the method 300 may receive a magnetic signal from a magnetic
signal transmitter. For example, the magnetic field sensing device 250 and/or magnetic
coil 252 may receive the magnetic signal 152 from the magnetic signal transmitter 114 as
described above. The magnetic field sensing device 250 and/or magnetic coil 252 may
be configured to and/or define means for receiving a magnetic signal from a magnetic
signal transmitter.

[0054] At block 304, the method 300 may determine a strength of the magnetic signal at
the security tag. For example, the magnetic field sensing device 250 may determine the
reception strength 156 of the magnetic signal 152 at the security tag 104 as described
above. The magnetic field sensing device 250 may be configured to and/or define means
for determining a strength of the magnetic signal at the security tag.

[0055] At block 306, the method 300 may receive a radio frequency identification (RFID)
interrogatory signal from a RFID scanner. For example, the RFID device 240 and/or the
tag coil 242 may receive the RFID interrogatory signal 164 from the RFID scanner 112
as described above. The RFID device 240 and/or the tag coil 242 may be configured to
and/or define means for receiving a radio frequency identification (RFID) interrogatory

signal from a RFID scanner.
11



WO 2022/061356 PCT/US2021/071486

[0056] At block 308, the method 300 may transmit a RFID response signal, to the RFID
scanner, indicating the strength of the magnetic signal. For example, the RFID device
240 and/or the tag coil 242 may transmit the RFID response signal 166, to the RFID
scanner 112, indicating the reception strength 156 of the magnetic signal 152 as described
above. The RFID device 240 and/or the tag coil 242 may be configured to and/or define
means for transmitting a RFID response signal, to the RFID scanner, indicating the
strength of the magnetic signal.

[0057] Turningto FIG. 4, an example of a method 400 for determining a distance between
the magnetic signal transmitter and a security tag may be performed by the processor 210,
the memory 212, the RFID component 142, the determination component 144, the RFID
driver 220, and/or the scanner coil 222 of the RFID scanner 112.

[0058] At block 402, the method 400 may obtain a transmission strength of a magnetic
signal transmitted from a magnetic signal transmitter 114 to the a security tag 104. For
example, the processor 210, the memory 212, the RFID component 142, the
determination component 144, the RFID driver 220, and/or the scanner coil 222 may
obtain the transmission strength 154 of the magnetic signal 152 transmitted from the
magnetic signal transmitter 114 to the security tagl04. For example, the determination
component 144 may obtain the transmission strength 154 stored in the memory 212 as
described above. In one example, the determination component 144 may obtain the
transmission strength 154 from the memory 212. The processor 210, the memory 212,
the RFID component 142, the determination component 144, the RFID driver 220, and/or
the scanner coil 222 may be configured to and/or define means for obtaining a
transmission strength of a magnetic signal transmitted from a magnetic signal transmitter
to the a security tag.

[0059] At block 404, the method 400 may transmit a RFID interrogatory signal to the
security tag from the RFID scanner. For example, the processor 210, the memory 212,
the RFID component 142, the RFID driver 220, and/or the scanner coil 222 may transmit
the RFID interrogatory signal 164 to the security tag 104 from the RFID scanner 112.
The processor 210, the memory 212, the RFID component 142, the RFID driver 220,
and/or the scanner coil 222 may be configured to and/or define means for transmitting a
RFID interrogatory signal to the security tag from the RFID scanner.

[0060] At block 406, the method 400 may receive a RFID response signal, from the

security tag, indicating a reception strength of a magnetic signal received at the security
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tag. For example, the processor 210, the memory 212, the RFID component 142, the
RFID driver 220, and/or the scanner coil 222 may receive the RFID response signal 166,
from the security tag 104, indicating the reception strength 156 of the magnetic signal
152 received at the security tag 104. The processor 210, the memory 212, the RFID
component 142, the RFID driver 220, and/or the scanner coil 222 may be configured to
and/or define means for receiving a RFID response signal, from the security tag,
indicating a reception strength of the magnetic signal received at the security tag.

[0061] At block 408, the method 400 may determine a distance between the security tag
and the magnetic signal transmitter based on the transmission strength of the magnetic
signal and the reception strength of the magnetic signal. For example, the processor 210,
the memory 212, and/or the determination component 144 may determine a distance
between the security tag 104 and the magnetic signal transmitter 114 based on the
transmission strength 154 of the magnetic signal 152 and the reception strength 156 of
the magnetic signal 152. The processor 210, the memory 212, and/or the determination
component 144 may be configured to and/or define means for determining a distance
between the security tag and the magnetic signal transmitter based on the transmission
strength of the magnetic signal and the reception strength of the magnetic signal.

[0062] In one aspect of the present disclosure, the RFID scanner 112 may determine a
precise or approximate position of the security tag 104 based on more than one distance
determinations. For example, if the RFID scanner 112 determines that the security tag
104 is a first distance from a first magnetic signal transmitter, a second distance from a
second magnetic signal transmitter, and a third distance from a third magnetic signal
transmitter, the RFID scanner 112 may be able to determine a precise position, based on
triangulation, of the security tag 104.

[0063] In a different aspect of the present disclosure, the RFID scanner 112 may track the
shopping habit and/or preference of a customer.

[0064] Referring to FIG. 5, in a non-limiting example implementing the system described
above, an example of an environment 500 (e.g., a retail store) for triggering a RFID logic
may include a RFID tag 504 attached to a merchandise item 502. The RFID tag 504 may
include a RFID device 640 configured to transmit and/or receive RFID signals. The RFID
tag 504 may include a magnetic field sensing device 650 configured to transmit and/or
receive magnetic signals (e.g., electro-magnetic signals or acousto-magnetic signals).

The magnetic field sensing device 650 may be configured to measure the strength of the
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magnetic signals received at the RFID tag 504. In some implementations, the RFID
device 640 and the magnetic field sensing device 650 may be separate devices (e.g.,
separate semiconductor chips). In other implementations, the RFID device 640 and the
magnetic field sensing device 650 may be integrated into a single device (e.g., a single
semiconductor chip).

[0065] In an aspect, the environment 500 may include a magnetic signal device 514
configured to transmit a magnetic signal having a transmission strength, at the magnetic
signal device 514, and a reception strength, less than the transmission strength, at the
RFID tag 504.

[0066] In one aspect of the present disclosure, the environment 500 may include a RFID
reader 512 configured to transmit and/or receive RFID signals. The RFID reader 512
may include a RFID component 542 configured to transmit and/or receive RFID signals.
In some instances, the RFID component 542 may be configured to perform a logic when
the RFID tag 504 is within a threshold distance of the magnetic signal device 514. The
RFID reader 512 may include a determination component 544 configured to determine a
distance between the RFID tag 504 and a magnetic signal device 514 based on the
strengths of the transmitted magnetic signal at the magnetic signal device 514 and the
received magnetic signal at the RFID tag 504. One or more of the RFID component 542
and/or the determination component 544 may be configured as hardware (e.g., application
specific integrated circuit, application processors, field programmable gate arrays, etc.),
software (e.g., instructions stored in a memory executed by a processor of the RFID reader
512), or a combination thereof.

[0067] In some examples, the magnetic signal device 514 and the RFID reader 512 may
be separate devices. In other instances, the magnetic signal device 514 and the RFID
reader 512 may be integrated as a single device. The magnetic signal device 514 and the
RFID reader 512 may be part of a RFID system 510.

[0068] During operation, in some instances, the magnetic signal device 514 may transmit
an interrogatory magnetic signal 552 having a transmission strength 556 at the magnetic
signal device 514 to the RFID tag 504. The strength of the interrogatory magnetic signal
552 may decrease as the interrogatory magnetic signal 552 propagates from the magnetic
signal device 514 to the RFID tag 504. In one example, the strength of the interrogatory
magnetic signal 552 may decrease as a function of the propagation distance. Specifically,

the strength of the interrogatory magnetic signal 552 may decrease as an inverse cubic
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function of the propagation distance. For example, as the interrogatory magnetic signal
552 propagates from a distance of / to a distance of 6/, the strength of the interrogatory
magnetic signal 552 may decrease by a factor of 8. As the interrogatory magnetic signal
552 reaches the RFID tag 504, the interrogatory magnetic signal 552 may have a reception
strength 558.

[0069] In some implementations, the magnetic field sensing device 650 of the RFID tag
504 may receive the interrogatory magnetic signal 552 having the reception strength 558.
The magnetic field sensing device 650 of the RFID tag 504 may determine a value of the
reception strength 558 of the interrogatory magnetic signal 552. For example, the RFID
tag 504 may measure an amplitude, an instantaneous power level, and/or an average
power level of the interrogatory magnetic signal 552. The magnetic field sensing device
650 of the RFID tag 504 may transmit a response magnetic signal 554 to the magnetic
signal device 514. The response magnetic signal 554 may indicate the value of the
reception strength 558 of the interrogatory magnetic signal 552.

[0070] In one aspect of the present disclosure, the magnetic signal device 514 may
receive the response magnetic signal 554. The magnetic signal device 514 may transmit
an indication 562 to the RFID reader 512. The indication 562 may include the value of
the of reception strength 558 of the interrogatory magnetic signal 552.

[0071] In some variations, the determination component 544 of the RFID reader 512 may
determine the distance between the RFID tag 504 and the magnetic signal device 514
based on the transmission strength 556 and the reception strength 558 of the interrogatory
magnetic signal 552. For example, the determination component 544 of the RFID reader
512 may compute the distance between the RFID tag 504 and the magnetic signal device
514 by subtracting the value of the transmission strength 556 by the value of the reception
strength 558. The determination component 544 may compute the square root (for far
field radiation) or cube root (for near field radiation) of the difference between the value
of the transmission strength 556 by the value of the reception strength 558 to obtain the
distance between the RFID tag 504 and the magnetic signal device 514. In one instance,
the determination component 544 may obtain the value of the transmission strength 556
from the magnetic signal device 514. The magnetic signal device 514 may transmit the
value of the transmission strength 556 to the RFID reader 512. The determination

component 544 may obtain the value of the transmission strength 556 from a server (not
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shown). The value of the transmission strength 556 may be input into the RFID reader
512.

[0072] In an implementation, the determination component 544 may determine that the
RFID tag 504 is within a threshold distance from the magnetic signal device 514 based
on the transmission strength 556 and the reception strength 558 of the interrogatory
magnetic signal 552. In response, the RFID component 542 may be triggered to perform
one or more logics and/or operations associated with the merchandise item 502, the RFID
tag 504, and/or the RFID reader 512. For example, the RFID component 542 may
transmit an interrogatory RFID signal 564 and/or receive a response RFID signal 566. In
one aspect, the RFID component 542 may transmit the interrogatory RFID signal 564 to
the RFID tag 504 to obtain one or more of merchandise information associated with the
merchandise item 502 (e.g., return information, inventory availability of similar items,
etc.), tag information (e.g., tag identification associated with the RFID tag 504,
information stored in the memory of the RFID tag 504, etc.), and/or pricing information
(e.g., price, any sale or promotion, etc.). In another aspect, the RFID component 542 may
transmit the interrogatory RFID signal 564 to store information onto the RFID tag 504,
delete information from the RFID tag 504, disable or enable the RFID tag 504, or perform
other logics and/or operations.

[0073] In an aspect, the RFID reader 512 may transmit an unlocking signal to the RFID
tag 504 to unlock the RFID tag 504 from the merchandise item 502.

[0074] In some aspects, the RFID reader 512 may perform logics and/or operations
involving other devices, such as external servers (not shown).

[0075] In a different aspect, the magnetic signal device 514 may receive the response
magnetic signal 554, and determine the distance between the RFID tag 504 and the
magnetic signal device 514. If the distance is less than the threshold distance, the
magnetic signal device 514 may transmit the indication 562 to the RFID reader 512 to
trigger the RFID component 542 and/or the RFID reader to perform the logics and/or
operations described above.

[0076] Referring to FIGs. 5 and 6, an example of the RFID reader 512 may include a
processor 610 that executes instructions stored in a memory 612 for determining the
distance based on the magnetic signal strength as described herein. The RFID reader 512

may include the memory 612.
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[0077] In some implementations, the RFID reader 512 may include a RFID driver 620
configured to transmit and/or receive RFID signals via a reader antenna 622. The RFID
reader 512 may include the reader antenna 622.

[0078] In some implementations, the processor 610 may include the RFID component
542 that causes the RFID driver 620 to transmit the interrogatory RFID signal 564, via a
reader antenna 622, to the RFID tag 504. The RFID driver 620 may energize the reader
antenna 622 to transmit the interrogatory RFID signal 564. The reader antenna 622 may
include one or more inductors that transmit or receive electromagnetic signals. The reader
antenna 622 may be a dipole antenna. The RFID component 542 may be triggered to
perform logics and/or operations when the RFID tag 504 is within the threshold distance
of the magnetic signal device 514.

[0079] In certain implementations, the processor 610 may include the determination
component 544 that determines the distance between the RFID tag 504 and the magnetic
signal device 514 based on the transmission strength and the reception strength of the
interrogatory magnetic signal 552.

[0080] In some implementations, the magnetic signal device 514 may include a magnetic
driver 630 that transmits the interrogatory magnetic signal 552 via the transmitter coil
632. The magnetic driver 630 may be optionally configured to determine the distance
between the RFID tag 504 and the magnetic signal device 514 based on the transmission
strength and the reception strength of the interrogatory magnetic signal 552. The
magnetic driver 630 may be optionally configure to transmit the indication 562 to the
RFID reader 512.

[0081] Additionally or alternatively, in some non-limiting examples, the RFID tag 504
may include the RFID device 640 that transmits the response RFID signal 566 and/or
receives the interrogatory RFID signal 564 via a tag antenna 642. The RFID tag 504 may
include the magnetic field sensing device 650 that receives the interrogatory magnetic
signal 552 via a magnetic coil 652. The RFID tag 504 may include the tag antenna 642
for transmitting the response RFID signal 566 and/or receiving the interrogatory RFID
signal 564 via the tag antenna 642. The RFID tag 504 may include the magnetic coil 652
for receiving the interrogatory magnetic signal 552.

[0082] Turning to FIG. 7, an example of a method 700 for triggering a RFID logic or
operation may be performed by the RFID system 510, such as the processor 610, the

memory 612, the RFID component 542, the determination component 544, the RFID
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driver 620, the reader antenna 622, the RFID reader 512, the magnetic driver 630, the
transmitter coil 632, and/or the magnetic signal device 514. The devices listed above may
be integrated into a single system, or divided among two or more systems.

[0083] At block 702, the method 700 may transmit an interrogatory magnetic signal to a
RFID tag. For example, the magnetic driver 630, the transmitter coil 632, and/or the
magnetic signal device 514 may transmit the interrogatory magnetic signal 552 to the
RFID tag 504. The magnetic driver 630, the transmitter coil 632, and/or the magnetic
signal device 514 may be configured to and/or define means for transmitting an
interrogatory magnetic signal to a RFID tag.

[0084] At block 704, the method 700 may receive, from the RFID tag, a response
magnetic signal in response to the interrogatory magnetic signal. For example, the
magnetic driver 630, the transmitter coil 632, and/or the magnetic signal device 514 may
receive the response magnetic signal 554 from the RFID tag 504. The magnetic driver
630, the transmitter coil 632, and/or the magnetic signal device 514 may be configured to
and/or define means for receiving, from the RFID tag, a response magnetic signal in
response to the interrogatory magnetic signal.

[0085] At block 706, the method 700 may determine whether the RFID tag is within a
threshold distance based on the response magnetic signal. For example, the determination
component 544 and/or the RFID reader 512 may determine whether the RFID tag 504 is
within the threshold distance of the magnetic signal device 514 based on the response
magnetic signal. In one example, the determination component 544 and/or the RFID
reader 512 may receive an indication from the magnetic signal device 514 indicating the
transmission strength 556 and the reception strength 558 of the interrogatory magnetic
signal 552. The determination component 544 and/or the RFID reader 512 may determine
the distance between the RFID reader 512 and the RFID tag 504 based on the transmission
strength 556 and the reception strength 558 of the interrogatory magnetic signal 552. The
determination component 544 and/or the RFID reader 512 may compare the distance
between the RFID reader 512 and the RFID tag 504 and the threshold distance to
determine whether the RFID tag 504 is within the threshold distance of the magnetic
signal device 514. The determination component 544 and/or the RFID reader 512 may
be configured to and/or define means for determining whether the RFID tag is within a

threshold distance based on the response magnetic signal.
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[0086] In alternative implementations, the magnetic driver 630 of the magnetic signal
device 514 may determine the distance between the RFID reader 512 and the RFID tag
504 based on the transmission strength 556 and the reception strength 558 of the
interrogatory magnetic signal 552. The magnetic driver 630 of the magnetic signal device
514 may compare the distance between the RFID reader 512 and the RFID tag 504 and
the threshold distance to determine whether the RFID tag 504 is within the threshold
distance of the magnetic signal device 514. The determination component 544, the RFID
reader 512, the magnetic driver 630, and/or the magnetic signal device 514 may be
configured to and/or define means for determining whether the RFID tag is within a
threshold distance based on the response magnetic signal.

[0087] At 708, the method 700 may perform a RFID logic or operation in response to
determining that the RFID tag is within the threshold distance. For example, the RFID
component 542, the RFID driver 630, the reader antenna 622, and/or the RFID reader 512
may perform a RFID logic or operation in response to determining that the RFID tag 504
is within the threshold distance. The RFID component 542, the RFID driver 630, the
reader antenna 622, and/or the RFID reader 512 may be configured to and/or define means
for performing a RFID logic or operation in response to determining that the RFID tag is
within the threshold distance.

[0088] Turning to FIG. 8, an example of a method 800 for triggering a RFID logic or
operation may be performed by the processor 610, the memory 612, the RFID component
542, the determination component 544, the RFID driver 620, and/or the reader antenna
622 of the RFID reader 512.

[0089] At block 802, the method 800 may receive an indication from a magnetic signal
device indicating that a RFID tag is within a threshold distance of the magnetic signal
device. For example, the processor 610, the memory 612, the RFID component 542, the
determination component 544, the RFID driver 620, and/or the reader antenna 622 may
receive the indication 562 from the magnetic signal device 514 indicating that the RFID
tag 504 is within a threshold distance of the magnetic signal device 514. The processor
610, the memory 612, the RFID component 542, the determination component 544, the
RFID driver 620, and/or the reader antenna 622 may be configured to and/or define means
for receiving an indication from a magnetic signal device indicating that a RFID tag is

within a threshold distance of the magnetic signal device.
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[0090] At block 804, the method 800 may perform a RFID logic or operation in response
to receiving the indication indicating that the RFID tag is within the threshold distance.
For example, the processor 610, the memory 612, the RFID component 542, the RFID
driver 620, and/or the reader antenna 622 may perform a RFID logic or operation in
response to receiving the indicate 562 that the RFID tag 504 is within the threshold
distance. The processor 610, the memory 612, the RFID component 542, the RFID driver
620, and/or the reader antenna 622 may be configured to and/or define means for
performing a RFID logic or operation.

[0091] Aspects of the present disclosures may be implemented using hardware, software,
or a combination thereof and may be implemented in one or more computer systems or
other processing systems. In an aspect of the present disclosures, features are directed
toward one or more computer systems capable of carrying out the functionality described
herein. An example of such the computer system 900 is shown in FIG. 9. In some
examples, the RFID scanner 112 and/or the RFID reader 512 may be implemented as the
computer system 900 shown in FIG. 9. The RFID scanner 112 and/or the RFID reader
512 may include some or all of the components of the computer system 900.

[0092] The computer system 900 includes one or more processors, such as processor 904.
The processor 904 is connected with a communication infrastructure 906 (e.g., a
communications bus, cross-over bar, or network). Various software aspects are described
in terms of this example computer system. After reading this description, it will become
apparent to a person skilled in the relevant art(s) how to implement aspects of the
disclosures using other computer systems and/or architectures.

[0093] The computer system 900 may include a display interface 902 that forwards
graphics, text, and other data from the communication infrastructure 906 (or from a frame
buffer not shown) for display on a display unit 950. Computer system 900 also includes
a main memory 908, preferably random access memory (RAM), and may also include a
secondary memory 910. The secondary memory 910 may include, for example, a hard
disk drive 912, and/or a removable storage drive 914, representing a floppy disk drive, a
magnetic tape drive, an optical disk drive, a universal serial bus (USB) flash drive, etc.
The removable storage drive 914 reads from and/or writes to a removable storage unit
918 in a well-known manner. Removable storage unit 918 represents a floppy disk,
magnetic tape, optical disk, USB flash drive etc., which is read by and written to

removable storage drive 914. As will be appreciated, the removable storage unit 918
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includes a computer usable storage medium having stored therein computer software
and/or data. In some examples, one or more of the main memory 908, the secondary
memory 910, the removable storage unit 918, and/or the removable storage unit 922 may
be a non-transitory memory.

[0094] Alternative aspects of the present disclosures may include secondary memory 910
and may include other similar devices for allowing computer programs or other
instructions to be loaded into computer system 900. Such devices may include, for
example, a removable storage unit 922 and an interface 920. Examples of such may
include a program cartridge and cartridge interface (such as that found in video game
devices), a removable memory chip (such as an erasable programmable read only memory
(EPROM), or programmable read only memory (PROM)) and associated socket, and the
removable storage unit 922 and the interface 920, which allow software and data to be
transferred from the removable storage unit 922 to computer system 900.

[0095] Computer system 900 may also include a communications circuit 924. The
communications circuit 924 may allow software and data to be transferred between
computer system 900 and external devices. Examples of the communications circuit 924
may include a modem, a network interface (such as an Ethernet card), a communications
port, a Personal Computer Memory Card International Association (PCMCIA) slot and
card, etc. Software and data transferred via the communications circuit 924 are in the form
of signals 928, which may be electronic, electromagnetic, optical or other signals capable
of being received by the communications circuit 924. These signals 928 are provided to
the communications circuit 924 via a communications path (e.g., channel) 926. This path
926 carries signals 928 and may be implemented using wire or cable, fiber optics, a
telephone line, a cellular link, an RF link and/or other communications channels. In this
document, the terms “computer program medium” and “computer usable medium” are
used to refer generally to media such as the removable storage unit 918, a hard disk
installed in hard disk drive 912, and signals 928. These computer program products
provide software to the computer system 900. Aspects of the present disclosures are
directed to such computer program products.

[0096] Computer programs (also referred to as computer control logic) are stored in main
memory 908 and/or secondary memory 910. Computer programs may also be received
via communications circuit 924. Such computer programs, when executed, enable the

computer system 900 to perform the features in accordance with aspects of the present
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disclosures, as discussed herein. In particular, the computer programs, when executed,
enable the processor 904 to perform the features in accordance with aspects of the present
disclosures. Accordingly, such computer programs represent controllers of the computer
system 900.

[0097] In an aspect of the present disclosures where the method is implemented using
software, the software may be stored in a computer program product and loaded into
computer system 900 using removable storage drive 914, hard disk drive 912, or the
interface 920. The control logic (software), when executed by the processor 904, causes
the processor 904 to perform the functions described herein. In another aspect of the
present disclosures, the system is implemented primarily in hardware using, for example,
hardware components, such as application specific integrated circuits (ASICs).
Implementation of the hardware state machine so as to perform the functions described
herein will be apparent to persons skilled in the relevant art(s).

[0098] It will be appreciated that various implementations of the above-disclosed and
other features and functions, or alternatives or varieties thereof, may be desirably
combined into many other different systems or applications. Also that various presently
unforeseen or unanticipated alternatives, modifications, variations, or improvements
therein may be subsequently made by those skilled in the art which are also intended to

be encompassed by the following claims.
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CLAIMS

WHAT IS CLAIMED IS:

1. A method by a security tag to assist a radio frequency identification (RFID)
scanner to determine a location of the security tag, comprising:

receiving a magnetic signal from a magnetic signal transmitter;

determining a strength of the magnetic signal at the security tag;

receiving a RFID interrogatory signal from a RFID scanner; and

transmitting a RFID response signal, to the RFID scanner, indicating the strength

of the magnetic signal.

2. The method of claim 1, further comprising, after determining the strength of

the magnetic signal, storing a value associated with the strength of the magnetic signal.

3. The method of claim 1, wherein:

receiving the magnetic signal comprises receiving a transmitter identification
associated with the magnetic signal transmitter; and

transmitting the RFID response signal comprises transmitting the transmitter

identification to the RFID scanner.

4. The method of claim 3, wherein a modulation of the magnetic signal indicates

the transmitter identification.

5. The method of claim 1, wherein the magnetic signal is an electro-magnetic

signal or an acousto-magnetic signal.

6. The method of claim 1, further comprising:

determining a distance between the security tag and the magnetic signal
transmitter based on the strength of the magnetic signal; and

wherein transmitting the RFID response signal comprises transmitting a value

associated with the distance to the RFID scanner.

7. A security tag, comprising:
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a memory;
a magnetic field sensing device configured to:
receive a magnetic signal from a magnetic signal transmitter; and
determine a strength of the magnetic signal at the security tag; and
a radio frequency identification (RFID) device configured to:
receive a RFID interrogatory signal from a RFID scanner;
transmit a RFID response signal, to the RFID scanner, indicating the

strength of the magnetic signal.

8. The security tag of claim 7, wherein the memory is configured to store a value

associated with the strength of the magnetic signal.

9. The security tag of claim 7, wherein:

receiving the magnetic signal comprises receiving a transmitter identification
associated with the magnetic signal transmitter; and

transmitting the RFID response signal comprises transmitting the transmitter

identification to the RFID scanner.

10. The security tag of claim 9, wherein a modulation of the magnetic signal

indicates the transmitter identification.

11. The security tag of claim 7, wherein the magnetic signal is an electro-magnetic

signal or an acousto-magnetic signal.

12. The security tag of claim 7, wherein the magnetic device is further configured
to:

determine a distance between the security tag and the magnetic signal transmitter
based on the strength of the magnetic signal; and

wherein transmitting the RFID response signal comprises transmitting a value

associated with the distance to the RFID scanner.

13. A method by a radio frequency identification (RFID) scanner, comprising:
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obtaining a transmission strength of a magnetic signal transmitted from a magnetic
signal transmitter to a security tag;

transmitting a RFID interrogatory signal to the security tag from the RFID
scanner;

receiving a RFID response signal, from the security tag, indicating a reception
strength of the magnetic signal received at the security tag; and

determining a distance between the security tag and the magnetic signal
transmitter based on the transmission strength of the magnetic signal and the reception

strength of the magnetic signal.

14. The method of claim 13, further comprising receiving a transmitter

identification associated with the magnetic signal transmitter.

15. The method of claim 13, wherein determining the distance comprises:
determining a difference between the transmission strength of the magnetic signal
and the reception strength of the magnetic signal; and

determining a square root or a cube root of the difference.

16. The method of claim 13, further comprising;

obtaining a second transmission strength of a second magnetic signal transmitted
from a second magnetic signal transmitter to the security tag;

obtaining a third transmission strength of a third magnetic signal transmitted from
a third magnetic signal transmitter to the security tag;

receiving a second RFID response signal, from the security tag, indicating a
second reception strength of the second magnetic signal received at the security tag;

receiving a third RFID response signal, from the security tag, indicating a third
reception strength of the third magnetic signal received at the security tag;

determining a second distance between the security tag and the second magnetic
signal transmitter based on the second transmission strength and the second reception
strength of the second magnetic signal;

determining a third distance between the security tag and the third magnetic signal
transmitter based on the third transmission strength and the third reception strength of the

third magnetic signal; and
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determining a position of the security tag based on the distance, the second

distance, and the third distance.

17. The method of claim 13, wherein the magnetic signal is an electro-magnetic

signal or an acousto-magnetic signal.

18. The method of claim 13, further comprising:

determining whether the distance smaller than or equal to a threshold distance;
and

performing a RFID logic or operation in response to determining that the distance

is smaller than or equal to the threshold distance.

19. A method by a radio frequency identification (RFID) system, comprising:

transmitting an interrogatory magnetic signal to a RFID tag;

receiving, from the RFID tag, a response magnetic signal in response to the
interrogatory magnetic signal,

determining whether the RFID tag is within a threshold distance based on the
response magnetic signal; and

performing a RFID logic or operation in response to determining that the RFID

tag is within the threshold distance.

20. The method of claim 19, wherein performing the RFID logic comprises:
transmitting an interrogatory RFID signal to the RFID tag; and
recetving, from the RFID tag, a response RFID signal in response to the

transmitted interrogatory RFID signal.

21. The method of claim 20, wherein the response RFID signal includes at least

one of merchandise information, tag information, or pricing information.

22. The method of claim 20, further comprising transmitting an unlocking signal

to the RFID tag to unlock the RFID tag from a merchandise item.
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23. The method of claim 19, wherein the interrogatory magnetic signal is an

electro-magnetic signal or an acousto-magnetic signal.

24. The method of claim 19, wherein determining whether the RFID tag is within
the threshold distance comprises:

determining a tag distance between the RFID tag and at least a portion of the RFID
system based on an amplitude of the response magnetic signal; and

determining whether the tag distance is less than the threshold distance.

25. The method of claim 24, wherein determining the tag distance comprises
determining the tag distance based on a transmission strength of the interrogatory

magnetic signal and a reception strength of the interrogatory magnetic signal.

26. The method of claim 24, wherein determining the tag distance comprises
determining the tag distance based on a transmission strength of the response magnetic

signal and a reception strength of the response magnetic signal.

27. A radio frequency identification (RFID) system, comprising:
a magnetic signal device configured to:

transmit an interrogatory magnetic signal to a RFID tag; and

receive, from the RFID tag, a response magnetic signal in response to the
interrogatory magnetic signal; and
a RFID reader configured to:

determine whether the RFID tag is within a threshold distance based on
the response magnetic signal; and

perform a RFID logic or operation in response to determining that the

RFID tag is within the threshold distance.

28. The RFID system of claim 27, wherein performing the RFID logic comprises:
transmitting an interrogatory RFID signal to the RFID tag; and
recetving, from the RFID tag, a response RFID signal in response to the

transmitted interrogatory RFID signal.
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29. The RFID system of claim 28, wherein the response RFID signal includes at

least one of merchandise information, tag information, or pricing information.

30. The RFID system of claim 28, wherein the RFID reader is further configured
to transmit an unlocking signal to the RFID tag to unlock the RFID tag from a

merchandise item.

31. The RFID system of claim 27, wherein the interrogatory magnetic signal is

an electro-magnetic signal or an acousto-magnetic signal.

32. The RFID system of claim 27, wherein determining whether the RFID tag is
within the threshold distance comprises:

determining a tag distance between the RFID tag and at least a portion of the RFID
system based on an amplitude of the response magnetic signal; and

determining whether the tag distance is less than the threshold distance.

33. The RFID system of claim 32, wherein determining the tag distance comprises
determining the tag distance based on a transmission strength of the interrogatory

magnetic signal and a reception strength of the interrogatory magnetic signal.

34. The RFID system of claim 32, wherein determining the tag distance comprises
determining the tag distance based on a transmission strength of the response magnetic

signal and a reception strength of the response magnetic signal.

35. A method by a radio frequency identification (RFID) reader, comprising:

receiving an indication from a magnetic signal device indicating that a RFID tag
is within a threshold distance of the magnetic signal device; and

performing a RFID logic or operation in response to receiving the indication

indicating that the RFID tag is within the threshold distance.

36. The method of claim 35, wherein performing the RFID logic or operation

comprises transmitting an unlocking signal to unlock the RFID tag,

28
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37. The method of claim 35, wherein performing the RFID logic or operation
comprises:

transmitting an interrogatory RFID signal to the RFID tag; and

recetving, from the RFID tag, a response RFID signal in response to the

transmitted interrogatory RFID signal.

38. The method of claim 37, wherein the response RFID signal includes at least

one of merchandise information, tag information, or pricing information.
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