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RFID TAG MOVEMENT DETERMINATION

TECHNICAL FIELD
This disclosure relates to radio fregquency
identification (RFID) technology, and more particularly

to detecting RFID tag movement.

BACKGROUND

Radio frequency identification (RFID) tags are
electronic devices that can be affixed to items whose
presence is to be detected and/or monitored. The presence
of an RFID tag, and therefore the presence of the item to
which the tag is affixed, can be interrogated and
monitored wirelessly by devices known as RFID readers.
Readers typically have one or more antennas transmitting

radio frequency signals to which tags respond.

Efficient communication between tags and readers has
become a key enabler in supply chain management,
especially in manufacturing, shipping, and retail

industries.

One need that has arisen in the context of supply
chain management 1is a desire to have knowledge of tag
movement within a coverage area (e.g., the area within
which the reader can receive signals transmitted from

tags) .

Such detection can Dbe important for accurate
inventory counting as well as security applications by
determining whether an item is entering or leaving an

area.

Accordingly, there is a need for effective RFID tag

detection.
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SUMMARY

A system, techniques, and apparatus for determining
RFID tag movement are disclosed. The system includes an
RFID reader that is configured to detect an RFID tag’s
motion by comparing backscattered signals received from
the tag. The system can also generate and filter alerts
according to pre-defined business rules based on the
detection.

Various aspects of the system relate to detecting
movement of RFID tags.

For example, according to one aspect, a method of
detecting movement of a RFID tag includes transmitting a
plurality of RF signals from at least one RFID reader to
the RFID tag, receiving at least two modulated
backscattered signals from the tag in response to the
transmission of signals, comparing the at least two
backscattered signals to one another, and detecting
movement of the RFID tag based on the comparison.
Preferably, the method includes singulating the RFID tag
prior to comparing the two modulated backscattered
signals.

In one embodiment, comparing the two back scattered
signals includes calculating a return signal strength
indicator (RSSI) and/or return signal phase angle for
each of the backscattered signals, comparing the RSSI
and/or phase angle of each backscattered signal to one
another, and detecting movement of the RFID tag if the
RSSTI and/or phase angle calculated for each backscattered
signal differ from one another. In an embodiment,
calculating the phase angle includes calculating an in-
phase (I) and guadrature (Q) signal for each

backscattered signal.
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In another embodiment, the method can further
include receiving the two modulated backscattered signals
on an antenna of the RFID reader, and calculating a
velocity of the tag relative to the antenna. The method
can also include smoothing the two modulated
backscattered signals.

In one embodiment, the method also includes
generating an alert based on detecting movement of the
tag, and processing the alert using a business rule. The
method can include filtering the alert by interrogating a
field of the tag in response to detecting movement of the
tag. In yet another embodiment, the method includes
triangulating a velocity of the tag using a plurality of
RFID readers.

In another aspect, an RFID reader includes at least
one antenna, a processor, and memory including memory
storing instructions that, in response to a request,
cause the processor to transmit a plurality of RF signals
to an RFID tag through the antenna, compare at least two
backscattered signals from the tag to one another in
response to transmission of signals through the antenna,
and detect movement of the RFID tag based on the
comparison.

In yet another aspect, an RFID system includes a
plurality of RFID tags, and at least one RFID reader for
communicating with the plurality of RFID tags. The at
least one RFID reader is configured to transmit a
plurality of RF signals to one of the plurality of RFID
tags, compare at least two backscattered signals received
from the one of the plurality of tags to one another, and
detect movement of the one of the plurality of tags based

on the comparison.
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In one embodiment, the RFID reader calculates at
least one of a return signal strength indicator (RSSI)
and return signal phase angle for each of the
backscattered signals, compares the at least one RSSI and
phase angle of each backscattered signal to one another,
and detects movement of the one of the plurality of RFID
tags if the at least one RSSI and phase angle calculated
for each backscattered signal differ from one another.

Various advantages can be obtained using the present
invention. For example, the present invention can be
used to determine whether an item having an RFID tag
affixed thereto is entering or leaving a control area.
The present invention can also be used to filter RFID
tags to relevant ones. For example, 1in a retail
environment where tagged products may be near a door,
determining how fast the ©products are moving <can
determine 1if the product is moving through the door or

just on a shelf near the door.

Additional features and advantages will be readily
apparent from the following detailed description, the

accompanying drawings and claims.

BRIEF DESCRIPTION OF DRAWINGS

FIGS. 1-3 are schematic views of an exemplary system
for detecting RFID tag movement according to the present
invention.

FIG. 4 shows a block diagram of an RFID reader
according to the present invention.

FIG. 5 illustrates an exemplary method executed by
an RFID reader of the present invention to detect RFID

tag movement.
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Like reference symbols in the various drawings

indicate like elements.

DETATLED DESCRIPTION

Referring now to FIGS. 1-3, a schematic view of an
RFID system 10 for detecting RFID tag movement in
accordance with an exemplary embodiment of the present
invention is disclosed. As shown in FIGS. 1-3, in one
embodiment, a plurality of RFID readers 12A-D are
provided that communicate with an exemplary population 14
of RFID tags 14A-G. As shown in FIGS. 1-3, the
population 14 of tags includes seven (7) tags 14A-G.
Although seven (7) tags 14A-G and four (4) readers are
shown in FIGS. 1-3, the system 10 may include any number
of RFID tags and one or more RFID readers.

Readers 12A-D may be requested to address the
population of tags 14 by an external application.
Alternatively, readers 12A-D may have internal logic that
initiates communication to the tag population 14.
Further, readers 12A-D may communicate with each other in
a reader network.

As shown in FIGS. 1-3, 1in one embodiment, one or
more RFID readers 12A-D are located at fixed locations
throughout the system 10. In the example shown in FIGS.
1-3, two RFID readers 12C-D are located near a control
point, such as a portal 16, to detect moving tags. By
positioning one or more RFID readers in locations near a
control point, the present invention can be used to
determine whether additional action should be taken with
respect to a moving tag.

In operation of the system 10, one or more of the
readers 12A-D transmits an interrogation signal having a

carrier frequency to the population of tags 14. Readers
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12A-D then singulate on a particular tag. As used
herein, the term ‘singulate’ refers to means by which an
RFID reader identifies a tag with a specific serial
number from the population 14. This can be important
because if multiple tags respond simultaneously to a tag
query, the tags can interfere with each other. For
example, in a typical commercial application, potentially
hundreds of tags might be within range of a particular
reader.

Once readers 12A-D singulate on a tag, as shown in
FIGS. 2-3, readers 12A-D then transmit an interrogation
signal 15A-D having a carrier frequency to a particular
RFID tag 14A. Readers 12A-D typically operate in one or
more of the frequency bands allotted for this type of RF
communication.

Various types of tags 14A-G may be present in tag
population 14 that transmit one or more response signals
17A-D to interrogating readers 12A-D, including by
alternatively reflecting and absorbing portions of the
interrogation signal 15A-D according to a time-based
pattern or frequency. This technigque for alternatively
absorbing and reflecting the interrogation signal is
referred to herein as backscatter modulation. Readers
12A-D receive and obtain data from tag response signals
17A-D, such as an identification number of the responding
tag 14A. In the embodiments described herein, a reader of
the present invention may be capable of communicating
with each of the tags 14A-G according to any suitable
communication protocol, including Class 0, Class 1, EPC
Gen 2, other binary traversal protocols and slotted aloha
protocols, and future communication protocols.
Additionally, tag population 14 may include one or more

tags having the Packed Object format and/or one or more
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tags not using the Packed Object format (e.g., standard
ISO tags).

As described in further detail below, readers 12A-D
of the present invention detect movement of RFID tags by
analyzing received backscatter modulated signals. In one
embodiment, by analyzing two or more backscatter signals,
interrogating RFID readers 12A-D can determine both the
directionality and the velocity of a particular tag.
Furthermore, RFID readers 12A-D of the present invention
may also use the received information to perform other
functions. For example, one or more of the RFID readers
12A-D may determine that additional information is to be
gathered from a singulated tag or trigger a special
message to a remote server or process configured to
analyze moving tags.

In one exemplary embodiment, readers 12A-D are
configured to transmit RF signals at the same time but at
different modulated frequencies. By using different
frequencies it is possible for the readers 12A-D to
transmit at the same time and to then recognize the
backscattered signal that matches their own frequency.
For example, referring to FIGS. 2-3, reader 12C may use
the time of arrival of the backscattered signal 17C with
a first frequency to represent the range from reader 12C
to tag 14A and back to reader 12C. Similarly, reader 12D
may use the time of arrival of the backscattered signal
17D with a second frequency to represent the range from
reader 12D to tag 14A and back to reader 12D. Reader 12A
may use the time of arrival of the backscatter signal 17A
with a third frequency to represent the range from reader
12C to tag 14A and back to reader 12C. Likewise, reader
12B may use the time of arrival of the backscatter signal

17B with a fourth frequency to represent the range from
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reader 12B to tag 14A and back to reader 12B. These
times of arrival measurements together with the readers'
position information can then be transmitted to one of
the readers for calculating the tag velocity and position
using triangulation and geometric methods. Of course, it
will be appreciated by one skilled in the art that a
single interrogating reader having a plurality of antenna
for transmitting and receiving RF signals can also be
used for calculating tag velocity and position using
triangulation and geometric methods.

In an embodiment, readers 12A-D repeat their RF
signal transmissions at frequent time intervals, and
thereby receive different backscatter modulated signals
from tags. In one embodiment, an interrogating reader
calculates a phase angle for at least two received
backscatter signals. Calculating the phase angle can
include calculating both an in-phase (I) and guadrature
(Q) signal for each modulated backscatter signal.
Depending on the number of time intervals and amount of
backscatter signals received, the RFID reader may smooth
the phase angle calculations. For example, an
intermittent interference between the singulated tag and
the RFID reader may result in erroneous measurements
which the RFID reader can remove from the phase angle
calculation. Once phase angles for at least two
modulated backscatter signals are calculated, the
interrogating reader then compares the calculated phase
angles. If the phase angles differ by a predefined
amount, the one or more interrogating readers 12A-D
determine that the RFID tag 14A is moving.

In another embodiment, once a phase angle is
calculated for each backscatter signal, the interrogating

reader calculates a Received Signal Strength Indication
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(RSSI) representing the power present in each
backscattered signal. The interrogating reader then
compares the calculated RSSI for each of the two received
modulated backscatter signals. If the calculated RSSI
values differ by a predefined amount, the interrogating
reader determines that the RFID tag 14A is moving. 1In
yet another embodiment, one or more interrogating readers
calculate both phase angles and RSSI values for each of
the modulated backscatter signals. The reader then
compares the calculated phase angles and RSSI values for
each backscattered signal and detects movement of the
RFID tag 14A if the RSSI and phase angle calculated for
each backscattered signal differ from one another.

In one embodiment, upon the reader detecting
movement of a tag of interest, the reader continues to
singulate on the tag. Advantageously, this technigue
results in several more data points being analyzed by the
reader for the tag. For example, in embodiments where
the reader is configured to use the EPC Gen 2 Protocol,
upon the reader detecting tag movement, the reader
increases its read rate of the tag of interest to the
exclusion of tags of non-interest. 1In one embodiment,
the reader increases its read rate of the tag of interest
from ten (10) times per second to two hundred (200) times
per second. As a result, by continuing to singulate on a
tag of interest, several more backscatter signals can be
provided to the reader to determine whether the tag of
interest is moving or not moving.

In an embodiment, the one or more readers 12A-D of
the present invention determine a rate of change of the
phase angle in the backscatter modulated signals for each
singulated tag. If the tag is stationary, the rate of

change calculated by the reader for the received
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backscatter signals is minimal, if any. However, if the
tag is moving, the rate of change between the two signals
changes at each time interval. In one embodiment, the
changing information is used to determine the velocity of
a tag.

Advantageously, the RFID readers 12A-D of the
present invention can be used to determine whether an
item has been stolen (e.g., travels beyond the portal 16
by a certain distance towards a certain direction--
outside the store at a certain speed) and if so, identify
by item name or number the specific items that were
stolen.

For example, in one embodiment, if one or more RFID
readers 12A-D determine that a RFID tag is moving towards
the portal 16, the one or more readers 12A-D can generate
an alert to signal a possible theft. 1In one embodiment,
upon detecting tag movement toward the portal 16, the one
or more readers 12A-D guery the tag to determine whether
or not the particular item has been purchased. Such a
query can be based on pre-defined business rules. If the
item has not been purchased and the velocity of the tag
exceeds a threshold value, the one or more readers 12A-D
can generate an alarm to signal a possible theft. If the
one or more RFID readers 12A-D determine that a
singulated RFID tag is not moving or has been paid for
based on the business rule, the one or more readers 12A-D
may filter the alert out from other alerts that may meet
additional user-defined criteria. Accordingly, various
business rules and other user-defined criteria can be
applied by the system 10 to generate and filter alerts
based on tag movement determination.

Turning now to FIG. 4, a block diagram of an example

RFID reader 12 according to the present invention is
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disclosed. The reader 12 includes one or more antennas
22, a receiver and transmitter portion 20, a baseband
processor 24, and a network interface 40. These
components of reader 12 may include software, hardware,
and/or firmware, or any combination thereof, for
performing their functions.

Baseband processor 24 and network interface 40 are
optionally present in the reader 12. Baseband processor
24 may be present in reader 12, or may be located remote
from reader 12. For example, in an embodiment, network
interface 40 may be present in the reader 12 to
communicate between the transceiver portion 20 and a
remote server that includes baseband processor 24. When
the baseband processor 24 is present in the reader 12,
the network interface 40 may be optionally present to
communicate between the baseband processor 24 and a
remote server configured to analyze moving tags. In
another embodiment, the network interface 40 is not
present in reader 12.

In one embodiment, the reader 12 includes the
network interface 40 to interface the reader 12 with a
communications network 44. As shown in FIG. 4, the
baseband processor 24 and network interface 40
communicate with each other via a communication link 42.
The network interface 40 is used to provide an
interrogation request 46 to the transceiver portion 20
(optionally through baseband processor 24), which may be
received from a remote server coupled to the
communications network 44. The baseband processor 24
optionally processes the data of interrogation request 46
prior to being sent to the transceiver portion 20. The
transceiver 20 transmits the interrogation request via

the antenna 22.
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As shown in FIG. 4, the reader 12 includes at least
one antenna 22 for communicating with tags 14A-G and/or
other readers. The antenna(s) 22 may be any type of
reader antenna known to persons skilled in the relevant
art(s), including a vertical, dipole, loop, Yagi-Uda,
slot, or patch antenna type.

The transceiver portion 20 receives a modulated
backscattered signal response via the antenna 22 and
outputs a decoded data signal 48 generated from the tag
response. The network interface 40 is used to transmit a
decoded data signal 48 received from the transceiver
portion 20 (optionally through baseband processor 42) to
the remote server or process coupled to communications
network. The baseband processor 24 optionally can process
the data of decoded data signal 48 prior to being sent
over the communications network 44.

In embodiments, the network interface 40 enables a
wired and/or wireless connection with communications
network 44. For example, the network interface 40 may
enable a wireless local area network (WLAN) link
(including a IEEE 802.11 WLAN standard 1link), a BLUETOOTH
link, and/or other types of wireless communication links.
The communications network 44 may be a local area network
(LAN), a wide area network (WAN) (e.g., the Internet),
and/or a personal area network (PAN).

In embodiments, a variety of mechanisms may be used
to initiate an interrogation request by the reader 12.
For example, the RFID reader 12 can be activated to send
an interrogation reguest upon an object being detected.

In the example of FIG. 4, the transceiver portion 20
includes a RF front-end 26, a demodulator/decoder 30, and
a modulator/encoder 28. These components of the

transceiver portion 20 may include software, hardware,
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and/or firmware, or any combination thereof, for
performing their functions. Example description of these
components is provided as follows.

As shown in FIG. 4, the modulator/encoder 28
receives interrogation request 46, and is coupled to an
input of RF front-end 26. The modulator/encoder 28
encodes interrogation regquest 46 into a signal format,
such as one of FMO or Miller encoding formats, modulates
the encoded signal, and outputs the modulated encoded
interrogation signal to RF front-end 26.

The RF front-end 26 may include one or more antenna
matching elements, amplifiers, filters, an echo-
cancellation unit, a down-converter, and/or an up-
converter. The RF front-end 26 receives a tag response
signal through antenna 22 and down-converts (if
necessary) the response signal to a frequency range
amenable to further signal processing. Furthermore, RF
front-end 26 receives a modulated encoded interrogation
signal from modulator/encoder 28, up-converts (if
necessary) the interrogation signal, and transmits the
interrogation signal to antenna 32 to be radiated.

The demodulator/decoder 30 is coupled to an output
of the RF front-end 26, receiving a modulated tag
response signal from RF front-end 26. The
demodulator/decoder 30 demodulates the tag response
signal. For example, the tag response signal may include
backscattered data encoded according to FMO or Miller
encoding formats in an EPC Gen 2 embodiment.
Demodulator/decoder 30 outputs decoded data signal 48.

The configuration of transceiver portion 20 shown in
FIG. 4 is provided for purposes of illustration, and is
not intended to be limiting. Further, transceiver portion

20 may be configured in numerous ways to modulate,
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transmit, receive, and demodulate RFID communication
signals, as would be known to persons skilled in the
relevant art(s).

In one embodiment, the baseband processor 24 is
incorporated into the reader 12 and includes a central
processor unit (CPU), an input-output module, and a
memory 74. In one exemplary embodiment, the memory of
the processor 24 is configured to include a control
module 32, a comparator module 34, an alert module 36,
and a filter module 38.

The control module 32 executes a method to detect
movement of a single RFID tag. In particular, the
control module 32 calculates for each modulated
backscatter signal either a phase angle, RSSI wvalue, or
both phase angle and RSSI value. The control module 32
then forwards these calculated values to the comparator
module 34 for comparison. Based on the comparison, the
control module 32 detects movement of a particular RFID
tag. Details of the method executed by the control
module are discussed in connection with FIG. 4.

The comparator module 34 compares calculated phase
angle and RSSI values of modulated backscatter signals in
response to requests from the control module 32 and
provides results of comparisons to the control module 32.
In one embodiment, the comparator module 32 compares a
calculated velocity for a singulated tag to a
predetermined value and provides results of that
comparison to the control module 32.

The alert module 36 of the processor 24 generates
alerts for detected moving tags. In one embodiment, the
alert module 36 generates one or more events for a tag
based on the velocity calculated for the tag. For

example, in one embodiment, if the calculated velocity of
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a singulated tag exceeds a threshold value, the alert
module generates an event that is transmitted to a remote
server or process for subsequent processing. In another
embodiment, the alert module 36 applies business rules to
tags based on the calculated velocity. For example, if
the velocity calculated for a tag exceeds a threshold
value and it is determined that the item affixed to the
tag has not been paid for by querying the tag, the alert
module 36 generates an alert.

The filter module 38 provides a level of granularity
for analyzing alerts and events generated by the alert
module 36. In one embodiment, the filter module 38
prioritizes alerts generated by the alert module 36 based
on how fast a tag is moving. For example, determining
how fast a tag is moving can determine if a product
affixed to the tag is moving through a portal or just on
a shelf near the portal. The filter module 38 can
prioritize those alerts passing through the portal for
further analysis.

Turning now to FIG. 5, further details of an example
method executed by the control module 32 of the RFID
reader 12 shown in FIG. 4 are disclosed. First, as shown
in FIG. 5, the control module 32 of the reader 12
transmits a first RF signal to the singulated tag 52. 1In
response to the first RF signal, the reader 12 receives a
first modulated backscatter signal back from the tag 54.
Next, the reader 12 transmits a second RF signal to the
tag 56 and receives back a second modulated backscatter
signal from the tag 58. Although FIG. 5 describes only
two (2) transmitted and received signals between the
reader and singulated tag, the present method can be used

with more than two (2) transmitted and received signals.
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Next, the control module 32 calculates a signal
phase angle for each of the received backscatter signals
60. This step can include calculating both an in-phase
(I) and quadrature (Q) signal for each back scattered
signal. In an embodiment, the control module 32 also
calculates an RSSI value for each backscatter signal 62.
The control module 32 can also calculate a tag velocity
value for the singulated tag using the phase angle
calculations 64.

In one embodiment, the control module 32 smoothes
calculations based on the number of modulated
backscattered signals received from the tag. Next, the
control module 32 invokes the comparator module 34 to
compare the calculated phase angle and RSSI value of each
backscatter signal to one another 66. In one embodiment,
the comparator module 34 compares the calculated phase
angle and RSSI values to each of the respective
transmitted signals 68. If the values calculated for
each of the modulated backscatter signals differ, the
control module 32 detects movement of the RFID tag 70.

In one embodiment, as explained previously, the control
module 32 may invoke the alert module 36 to generate an
event or alert based on the comparison 72. Further, as
described previously, in an embodiment, the filter module
38 may prioritize the alert 74 based on predefined
business rules 76.

Various features of the system may be implemented in
hardware, software, or a combination of hardware and
software. For example, some features of the system may be
implemented in computer programs executing on
programmable computers. Each program may be implemented
in a high level procedural or object-oriented programming

language to communicate with a computer system or other
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machine. Furthermore, each such computer program may be
stored on a storage medium such as read-only-memory (ROM)
readable by a general or special purpose programmable
computer or processor, for configuring and operating the

computer to perform the functions described above.
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WHAT IS CLAIMED IS:

1. A method of detecting movement of a RFID tag
comprising:

transmitting a plurality of RF signals from at least
one RFID reader to the RFID tag;

receiving at least two modulated backscattered
signals from the tag in response to the transmission of
signals;

comparing the at least two backscattered signals to
one another; and

detecting movement of the RFID tag based on the

comparison.

2. The method of Claim 1, further comprising
singulating the RFID tag prior to comparing the at least

two modulated backscattered signals.

3. The method of Claim 2, wherein comparing the at
least two back scattered signals comprises:

calculating at least one of a return signal strength
indicator (RSSI) and return signal phase angle for each
of the backscattered signals;

comparing the at least one RS3I and phase angle of
each backscattered signal to one another; and

detecting movement of the RFID tag if the at least
one RSSI and phase angle calculated for each

backscattered signal differ from one another.

4, The method of Claim 3, wherein calculating the phase
angle comprises calculating an in-phase (I) and

quadrature (Q) signal for each backscattered signals.
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5. The method of Claim 3, further comprising:
receiving the at least two modulated backscattered

signals on an antenna of the at least one RFID reader;

and

calculating a velocity of the tag relative to the
antenna.
6. The method of Claim 5, further comprising smoothing

the at least two modulated backscattered signals.

7. The method of Claim 5, further comprising:
generating an alert based on detecting movement of
the tag; and

processing the alert using a business rule.

8. The method of Claim 7, comprising filtering the
alert by interrogating a field of the tag in response to

detecting movement of the tag.

9. The method of Claim 1, comprising triangulating a

velocity of the tag using a plurality of RFID readers.

10. An RFID reader including at least one antenna, the
RFID reader including a processor and memory including
memory storing instructions that, in response to a
request, cause the processor to: transmit a plurality of
RF signals to an RFID tag through the at least one
antenna, compare at least two backscattered signals from
the tag to one another in response to transmission of
signals through the antenna, and detect movement of the

RFID tag based on the comparison.
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11. The RFID reader of Claim 10, wherein the memory
stores instructions that, in response to receiving the
request, cause the processor to singulate the RFID tag
prior to comparing the at least two backscattered

signals.

12. The RFID reader of Claim 10, wherein the memory
stores instructions that, in response to receiving the
request, cause the processor to:

calculate at least one of a return signal strength
indicator (RSSI) and return signal phase angle for each
of the backscattered signals;

compare the at least one RSSI and phase angle of
each backscattered signal to one another; and

detect movement of the RFID tag if the at least one
RSSI and phase angle calculated for each backscattered

signal differ from one another.

13. The RFID reader of Claim 12, wherein the memory
stores instructions that, in response to receiving the
request, cause the processor to calculate an in-phase (I)

and quadrature (Q) signal for each backscattered signals.

14. The RFID reader of Claim 12, wherein the memory
stores instructions that, in response to receiving the
request, cause the processor to calculate a velocity of
the tag relative to the antenna in response to receiving
the at least two modulated backscattered signals on an

antenna of the at least one RFID reader.

15. The RFID reader of Claim 14, wherein the memory

stores instructions that, in response to receiving the
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request, cause the processor to smooth the at least two

modulated backscattered signals.

16. The RFID reader of Claim 14, wherein the memory
stores instructions that, in response to receiving the
request, cause the processor to:

generate an alert based on detecting movement of the
tag; and

process the alert using a business rule.

17. The RFID reader of Claim 16, wherein the memory
stores instructions that, in response to receiving the
request, cause the processor to filter the alert by

comparing the wvelocity to a pre-determined value.

18. The RFID reader of Claim 10, wherein the memory
stores instructions that, in response to receiving the
request, cause the processor to triangulate a velocity of

the tag using a plurality of RFID readers.

19. An RFID system comprising:

a plurality of RFID tags;

at least one RFID reader for communicating with the
plurality of RFID tags, the at least one RFID reader
configured to transmit a plurality of RF signals to one
of the plurality of RFID tags, compare at least two
backscattered signals received from the one of the
plurality of tags to one another, and detect movement of

the one of the plurality of tags based on the comparison.

20. The RFID system of Claim 19, wherein the RFID reader
calculates at least one of a return signal strength

indicator (RSSI) and return signal phase angle for each
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of the backscattered signals, compares the at least one
RSSI and phase angle of each backscattered signal to one
another, and detects movement of the one of the plurality
of RFID tags if the at least one RSSI and phase angle
calculated for each backscattered signal differ from one

another.



WO 2010/080468

/5

PCT/US2009/068384

10

124 ~12B
RFID RFID
READER READER

RFID
READER




WO 2010/080468

2/5

PCT/US2009/068384

10

RFID
READER

RFID
READER

RFID
READER

RFID
READER




WO 2010/080468 PCT/US2009/068384

3/5
/10
124 12B
RFID RFID
READER READER

120~

~12D

RFID f RFID
READER ﬁ READER
-
<C
b
(@)

[a




PCT/US2009/068384

WO 2010/080468

4/5

¢l

vy OIA

!

0r—]  3OVAYILNI XYOMLIN
e | e e J_
& 08
3INAOW Tnaon ] R pead00dd e
REIRE HOLYHVANOD | |
i ¥300ON3 —8¢|
IINAOW JINAOW | f401VINAOW i
IERL 3LVINOTVO | |
7% 287 | aN3 LNOYd 4o i
¥0SS300Yd ANYE3SYE 977 |
p2 ! YINFOSNVAHL —
66~ YNNILNV

il



WO 2010/080468

PCT/US2009/068384

5/5

52
TRANSMIT FIRST RF SIGNAL TO TAG
! 54
RECEIVE FIRST MODULATED BACKSCATTER
FROM TAG
v 56
TRANSMIT SECOND RF SIGNAL TO TAG
v 58
RECEIVE SECOND MODULATED
BACKSCATTER FROM TAG
v 60
CALCULATE RETURN SIGNAL PHASE ANGLE
FOR EACH BACKSCATTER SIGNAL
! 62
64 CALCULATE RETURN SIGNAL STRENGTH
CALCULATE TAG FOR EACH BACKSCATTER SIGNAL
VELOCITY USING PHASE | 1 66
ANGLE CALCULATIONS -
| COMPARE CALCULATED PHASE ANGLE AND
»  RSSI OF EACH RETURN SIGNAL TO ONE
ANOTHER
v 68
COMPARE CALCULATED PHASE ANGLE
AND RSSI TO TRANSMITTED SIGNALS
! 70
DETECT MOVEMENT OF TAG BASED ON
COMPARISONS
Y 72
GENERATE ALERT BASED ON MOVEMENT
DETECTION
v 7
FILTER ALERT BASED ON PREDEFINED
CRITERIA
! 76

INVOKE BUSINESS RULES BASED ON ALERT

FiG. 5



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2009/068384

CLASSIFICATION OF SUBJECT MATTE

A. R
INV. G06K7/00 G01S13/00

According to Intemational Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO6K GO1S

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 6 356 230 B1 (GREEFF ROY [US] ET AL)
12 March 2002 (2002-03-12)
Y column 2, 1ine 6 - line 12

column 4, line 12 - line 34

cotumn 7, line 9 - column 10, line 18

Y EP 1 696 245 A2 (ASTRA GES FUER ASSET MAN
MBH [DEJ) 30 August 2006 (2006-08-30)
paragraph [0001] - paragraph [0003]
paragraph [0014] - paragraph [0025]
paragraph [0040] - paragraph [0044]

Y US 5 920 261 A (HUGHES GEORGE V [CA] ET
AL) 6 July 1999 (1999-07-06)

column 1, Tline 64 - column 2, line 13
column 20, Tine 3 - Tine 11

S

1-2,
10-11,19
3-9,
12-18,20

3-6,
12-15,20

16-17

m Further documents are listed in the continuation of Box C. E See patent family annex.

* Special categories of cited documents :

*A" document defining the general state of the art which is not

considered to be of particular relevance invention

*T" later document published after the intemational filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

"E" ezg(ﬁer document but published on or after the international “X* document of particular relevance; the claimed invention
filing date cannot be considered novel or cannot be considered to
“L" document whigh may throw doubts on priority clafim(s) or involve an inventive step when the document is taken alone
which is cited to establish the publication date of another *y* document of : . ; ; :
o " P particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the
*0* document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu—
other means ments, such combination being obvious to a person skilled
"P* document published prior to the international filing date but in the art
later than the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the intemational search report
19 March 2010 30/03/2010
Name and mailing address of the ISA/ Authorized officer
European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk
Tel. (+31-70) 340-2040, : _
Fax: (+31-70) 340-3016 Geiger, Hans-Walter

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2009/068384

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

[UST; BRIDGELALL RAJ [US]; DURON MARK
WILLIAM) 29 September 2005 (2005-09-29)
paragraph [0020] - paragraph [0059]

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y GB 2 312 801 A (TAGWARE LTD [GB]) 9,18

5 November 1997 (1997-11-05)

paragraph [0013] - paragraph [0021]
A WO 2005/091013 Al (SYMBOL TECHNOLOGIES INC 1-20

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2009/068384

Patent document
cited in search report

Publication
date

Patent family
member(s)

Publication
date

US 6356230 B1 12-03-2002  NONE

EP 1696245 A2 30-08-2006 DE 102005009579 Al 07-09-2006
US 2006220861 Al 05-10-2006

US 5920261 A 06-07-1999  NONE

GB 2312801 A 05-11-1997  NONE

WO 2005091013 Al 29-09-2005 AT 385317 T 15-02-2008
AU 2005224650 Al 29-09-2005
CA 2559049 Al 29-09-2005
DE 602005004605 T2 19-02-2009
EP 1725889 Al 29-11-2006
US 2005206555 Al 22-09-2005

Form PCT/ISA/210 {patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report
	Page 32 - wo-search-report

