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SYSTEMS AND METHODS OF USING
MULTIPLE RFID DEVICES TO IMPLEMENT
IN-STORE POINT-OF-SALE BUY-ZONES
AND RELATED ARTICLES OF
MANUFACTURE

FIELD

The present invention relates to the field of RFID systems
in general, and more particularly, RFID systems for use with
point of sale systems.

BACKGROUND

Self-checkout systems are commonly used by consumers
at retail locations such as grocery stores. Typical radio
frequency 1dentification (RFID) tags or RF tags include a
microprocessor functionally connected to an antenna. The
microprocessor stores and processes relevant data that may
include unique data for 1dentifying a specific item associated
with the RF tag. The microprocessor also modulates a radio
frequency (RF) signal that i1s transmitted or backscattered
via the antenna. An external tag reader captures the data
signal transmitted by the RF tag.

In some cases, the external tag reader may be configured
to determine the distance between the reader and the RF tag.
Conventional ranging techniques, such as received signal
strength (RSS) for either active or passive RF tags, work
over relatively large areas but sufler from poor accuracy.
Time of flight or frequency modulated continuous wave
radar may also be used to determine the separation distance
but these techniques work poorly for short distance appli-
cations because of the difficulties of measuring the small
round trip time or frequency delay. Instead RF phase-based
ranging techniques may offer better accuracy.

SUMMARY

Embodiments according to the present invention can
provide systems and methods of using multiple RFID
devices to implement in-store point-of-sale zones and
related articles of manufacture. Pursuant to these embodi-
ments, an RFID in-store point-of-sale system can include a
first RFID tag reader with a first reader antenna that extends
on a first substrate oriented in a first plane; and a second
RFID tag reader with a second reader antenna that extends
on a second substrate oriented 1 a second plane that
intersects the first plane to form an oflset angle between the
first plane and the second plane that 1s about 45 degrees to
about 135 degrees. A processor circuit can be operatively
coupled to the first RFID tag reader and to the second RFID
tag reader and can be configured to control the first RFID tag
reader to transmit a signal from the first reader antenna 1nto
a buy-zone and 1s configured to detect movement of an RFID
tag relative to the buy-zone based on a signal from the RFID
tag that 1s detected by the first RFID tag reader or that 1s
detected by the second RFID tag reader.

In some embodiments according to the invention, a
method of operating an RFID 1n-store point-of-sale system
can be provided by (a) transmitting a first signal from a {irst
RFID tag reader 1into a buy-zone via a first reader antenna
that extends 1n a first plane, (b) determining whether a first
signal transmitted by an RFID tag moving relative to the
buy-zone 1s received at the first RFID tag reader 1n response
to the first signal transmitted from the first RFID tag reader,
(¢) determiming whether a second signal transmitted by the
RFID tag moving relative to the buy-zone 1s received at a
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second RFID tag reader via a second reader antenna that
extends 1n a second plane, the second plane intersecting the

first plane to form an oflset angle between the first plane and
the second plane that 1s about 45 degrees to about 90
degrees, repeating operations (a)-(c) until detecting a move-
ment of the RFID tag into the buy-zone or out of the
buy-zone based on receiving the first signal from the RFID
tag or recerving the second signal from the RFID tag, and
indicating that an item associated with the RFID tag has
been purchased or not been purchased responsive to detect-
ing the movement of the RFID tag into the buy-zone or out
of the buy-zone, respectively.

In some embodiments according to the invention, one or
more non-transitory processor-readable media storing pro-
cessor-executable mstructions for causing one or more pro-
cessors to perform a method of operating a RFID 1n-store
point-of-sale system can be provided by (a) transmitting a
first signal from a first RFID tag reader into a buy-zone via
a first reader antenna that extends 1n a first plane, (b)
determining whether a first signal transmitted by an RFID
tag moving relative to the buy-zone 1s received at the first
RFID tag reader in response to the first signal transmitted
from the first RFID tag reader, (¢) determining whether a
second signal transmitted by the RFID tag moving relative
to buy-zone 1s recerved at a second RFID tag reader via a
second reader antenna that extends 1 a second plane, the
second plane intersecting the first plane to form an oflset
angle between the first plane and the second plane that 1s
about 45 degrees to about 90 degrees, repeating operations
(a)-(c) until detecting a movement of the RFID tag into the
buy-zone or out of the buy-zone based on receiving the first
signal from the RFID tag or recerving the second signal from
the RFID tag, and indicating that an 1tem associated with the
RFID tag has been purchased or has not been purchased
responsive to detecting the movement of the RFID tag.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 15 a front view of a Point Of Sale (POS) system
including two RFID devices orniented 1in different planes
relative to one another and configured to detect RFID tagged
items moving relative to a defined buy-zone with varied
orientations 1 some embodiments according to the inven-
tion.

FIG. 1B 1s a top view of the POS system shown in FIG.
1A.

FIG. 1C 1s a side view of the POS system shown 1n FIG.
1A.

FIG. 2 1s a schematic diagram of the POS system shown
in FIG. 1 1llustrating the orientation of two transmit/receive
RFID tag readers to define the buy-zone in which RFID
tagged items can be moved for purchase 1mn some embodi-
ments according to the invention.

FIG. 3 1s a schematic diagram of the POS system shown
in FIG. 1 illustrating the orientations of one transmit/receive
RFID tag reader and one receive-only RFID tag reader to
define the buy-zone 1n which RFID tagged items can be
moved for purchase 1n some embodiments according to the
invention.

FIG. 4 1s a flowchart illustrating operations of the POS
system shown 1n FIG. 2 including alternating transmission
of signals from the two transmit/receive RFID tag readers to
the buy-zone to determine whether RFID tagged items are
within the buy-zone for purchase in some embodiments
according to the mnvention.

FIG. 5 1s a flowchart illustrating operations of the POS
system shown in FIG. 3 including transmission of signals
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from only one transmit/receive RFID tag reader to the
buy-zone to determine whether RFID tagged items are

within the buy-zone for purchase in some embodiments
according to the mvention.

FIG. 6 15 a schematic diagram 1llustrating first and second
RFID tag reader antennas extending in respective first and
second planes and an RFID tag antenna shown in different
orientations 1 some embodiments according to the inven-
tion.

FIG. 7A 1s a side view of a wheeled shopping cart having
first and second RFID tag readers coupled thereto to define
the buy-zone adjacent to an opening 1n the shopping cart in
some embodiments according to the invention.

FIG. 7B 1s a top view of the wheeled shopping cart shown
in FI1G. 7A 1n some embodiments according to the invention.

FIG. 8A 1s a side view of a hand-held shopping cart
having first and second RFID tag readers coupled thereto to
define the buy-zone adjacent to an opening in the shopping
cart in some embodiments according to the invention.

FIG. 8B 1s a side view of the hand-held shopping cart
shown 1n FIG. 8A 1n some embodiments according to the
invention.

FIG. 9 1s a schematic illustration using two RFID tag
readers to monitor the buy-zone that includes any distance
measured from the two RFID tag readers to points within a
three dimensional space that 1s adjacent to an area desig-
nated to indicate the purchase of items 1n some embodiments
according to the mvention.

FIG. 10 1s a block diagram of a computing system that can
be used to perform processor-executable instructions repre-
sented by non-transitory processor-readable media to carry
out the operations shown 1n FIGS. 1-9 in some embodiments
according to the mvention.

DETAILED DESCRIPTION OF EMBODIMENTS
ACCORDING TO THE INVENTION

L]

=

Exemplary embodiments of the present disclosure are
described 1n detail with reference to the accompanying
drawings. The disclosure may, however, be exemplified 1n
many different forms and should not be construed as being,
limited to the specific exemplary embodiments set forth
herein. Rather, these exemplary embodiments are provided
so that this disclosure will be thorough and complete, and
will fully convey the scope of the disclosure to those skilled
in the art.

As appreciated by the present mventors, multiple RFID
tag readers placed in diflerent planes relative to one another
may 1ncrease the likelihood that RFID tags attached to 1tems
can be detected 1n a “buy-zone” despite the tag being
improperly oriented or being obscured by another RFID tag
or items (sometimes referred to as “shadowing”). In a
self-checkout embodiment for example, the shopper can
move an RFID tagged item through the buy-zone that 1s
adjacent to a bagging station as a way to signal that the
shopper wishes to purchase the item. The RFID tag readers
can be used to determine the distance from the readers to the
tagged item as a way to detect whether the item 1s moving
through the buy-zone. Moreover, deploying multiple tag
readers in different planes may improve the continuous
tracking of the i1tem even 1f the orientation of the item
changes while passing thorough the buy-zone.

In some conventional approaches, 1if an RFID tag is not
oriented correctly relative to the RFID tag reader, the tag
may not receive a signal from the reader or even if the
transmission 1s recerved by the tag, the response from the tag
may not be directed to the reader. As appreciated by the
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4

present inventors, however, placing the RFID tag readers in
different planes relative to one another can increase the
probability that an RFID tag will be correctly oriented
relative to at least one of the tag readers. In some embodi-
ments according to the invention, the selected planes form
an angle of about 45 degrees to about 90 degrees. In some
embodiments, more than two tag readers may be used.
Similarly, placing multiple RFID tag readers in different
planes relative to one another can increase the probability
that an RFID tag that 1s shadowed by another RFID tag, for
example, may be unobscured relative to at least one of the
other RFID tag readers.

In some embodiments according to the mvention, the
system can include two RFID tag readers placed 1n different
planes, where each reader can both transmit signals to RFID
tags and receive signals from the RFID tags, in response. In
this type of arrangement, transmission of signals from the
RFID tag readers can alternate to reduce the likelihood that
the signals from the different RFID tag readers are receirved
by the RFID tag at about the same time.

In some embodiments according to the invention, the
system can 1nclude two RFID tag readers placed in different
planes, where one reader can both transmit signals to RFID
tags and receive signals from the RFID tags, in response. In
contrast, the other RFID tag reader may be a receive-only
device which does not transmit signals to the RFID tags. In
both type of arrangements, the RFID tag readers may be
oriented so that the tag readers form an angle of about 45
degrees to about 90 degrees. It will be understood that the
plane for an RFID reader may be defined relative to a
substrate that supports the RFID tag reader antenna. For
example, the antenna for the RFID tag reader may be printed
on a non-conductive substrate to define the direction 1n
which the RFID tag reader transmits and receives signals.

In some embodiments according to the invention, the
buy-zone can be defined relative to any area where consum-
ers make decisions regarding purchasing items. For
example, the buy-zone can be defined to be at the SCO
terminal or adjacent to a shelf on which 1tems are displayed.

The system can detect the movement of the RFID tagged
item moving in a particular direction that indicates the
purchase. For example, moving the item through the buy-
zone toward an area that 1s designated to hold purchases,
such as a bagging station, wheeled shopping cart, or hand-
held shopping basket, can be mterpreted as a desire to
purchase the item. If, however an already purchased 1tem 1s
moved through the buy-zone away from area that i1s desig-
nated to hold purchases, the item may be removed from the
shoppers purchases. It will be further understood that the
buy-zone may be defined to be other areas, such as adjacent

to a shelf on which the items are oftered for sale.
FIG. 1A 15 a front view of a Point Of Sale (POS) system

100 1including two RFID devices 115, 120 oriented 1n
different planes relative to one another and configured to
detect RFID tagged items moving relative to a defined
buy-zone with varied orientations in some embodiments
according to the invention. FIG. 1B 1s a top view of the POS
system shown 1n FIG. 1A. FIG. 1C 1s a side view of the POS
system shown in FIG. 1A.

According to FIG. 1, the system 100 includes a POS
terminal 110 that can include hardware and software that
enables operations of the RFID POS system 100 as
described herein, such as a processor circuit. A bagging
station 105 1s located adjacent to the POS terminal 110 and
1s an area designated to indicate the purchasing of items
using the POS system 100. Shoppers can purchase items by
passing the 1tems through a buy-zone 1235 in a direction 130
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toward the bagging station 105. Alternatively, 11 a shopper
wishes to remove an already purchased 1tem, the 1tem can be
passed through the buy-zone 125 1n a direction 135 away
from the baggmg station 105 (opposite direction 130).

The buy-zone 1s monitored by a first RFID tag reader 115
and a second RFID tag reader 120, which are oriented 1n
different planes to increase the hkehhood that 1tems passing
though the buy-zone 125 with varying orientations (or
partially obscured by other objects) are read correctly. In
particular, the first RFID tag reader 113 1s located 1n the x-y
plane whereas the second RFID tag reader 120 1s located in
the x-z plane. The first RFID tag reader 115 1s configured to
have a scan direction 117 whereas the second RFID tag
reader 120 1s configured to have a scan direction 122.
Accordingly, the planes of orientation of the first and second
RFID tag readers 115, 120 form an angle of about 90
degrees. In other embodiments, the angle can range from
between about 45 degrees to about 90 degrees. In still other
embodiments, the orientation of the RFID tag readers can be
adjusted to vary the angle. In still further embodiments, the
system 100 can include more than two RFID tag readers
where each pair of RFID tag readers can form an angle from
between about 45 degrees to about 90 degrees.

The movement of the tagged items relative to the buy-
zone 125 can be determined by measuring a distance from
an RFID tag reader and the RFID tagged item. The distance
can be used to determine whether the tagged item 1s moving
through the buy-zone 125, which 1s a three-dimensional
space that includes points that are pre-defined distances to
the RFID tag readers (so that the points are imncluded in the
buy-zone 125). In this way, the tag readers can detect 1tems
for purchase (or removal) by monitoring only 1tems that are
located with the specific three dimensional space that defines
the buy-zone 125. Items which are determined to be too
distant from the RFID tag readers to be moving through the
buy zone 125, can be ignored. The distance from the RFID
tag readers 115, 120 to the RFID tagged items can be
determined using phase mformation that 1s associated with
signals that are communicated between the tag reader and
the RFID tagged item, as described for example 1n U.S. Pat.
No. 9,116,237, to Zhou et al, the entire disclosure of which
1s hereby incorporated herein by reference.

FIG. 2 1s a schematic diagram of the POS system shown
100 1n FIG. 1 illustrating the orientation of two transmait/
receive RFID tag readers 115, 120 to define the buy-zone
125 in which RFID tagged items 132 can be moved for
purchase 1n some embodiments according to the invention.
According to FIG. 2, the two transmit/recerve RFID tag
readers 115, 120 are oriented 1n different planes to form an
angle 131 that 1s about 90 degrees 1n some embodiments.
The RFID tagged items 132 can be moved in the direction
135 through the buy-zone 1235 toward the bagging station
105 or away from the bagging station 105 in direction 130.

As further shown 1n FIG. 2 each of the RFID tag readers
115, 120 has an associated radius R which 1s within the
operational scanning range of the respective reader. In
particular, the radius R 1s a distance within which 11 an RFID
tag receives a read signal from the RFID tag reader, the
RFID tag will transmit a response to the read signal. The
buy-zone 125 can be defined to include points in the
respective three dimensional spaces that overlap another. It
will be understood that even though points 1n space may be
within scanning range R of the RFID tag reader, those points
may not be included in the buy-zone 125.

In operation, the RFID tag reader 120 can transmit a read
signal 175 which 1s received by the RFID tagged 1tem 132
because 1t 1s within range R. After receiving the read signal
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175, the RFIID tagged 1item 132 can respond by transmitting,
a response signal 170 back to the RFID tag reader 120. The
system 100 can delay the operation of the RFID tag reader
115 to 1nsure the existence of a time interval before the RFID
tag reader 115 transmits a read signal 180. The time 1nterval
1s 1nserted to insure that there 1s no contlict between the read
signal 175 and the read signal 180 at the RFID tagged item
132. After receiving the read signal 180, the RFIID tagged
item 132 can respond by transmitting a response signal 190
back to the RFID tag reader 115.

The information associated with the response signals 170
and 190 are transmitted to a processor circuit 140, which 1s
configured to coordinate operations of the system 100. In
particular, the processor circuit 140 1s configured to deter-
mine whether the RFID tagged item 132 1s located within the
buy-zone 125 using the phase information derived from the
response signals 175 and 190. If the processor circuit 140
determines that the RFID tagged item 132 1s located within
the buy-zone 125, the processor circuit can determine
whether the RFID tagged item 132 1s moving toward the
bagging area 105 or away from the bagging area based on
changes 1n the position of the RFID tagged item 132 over
time. The processor circuit 140 can then update the list of
purchased items for the shopper. The processor circuit 140
can be included in the POS system 100 or can be part of a
separate system, such as a local system that communicates
with the POS system 100 to determine the shopper’s list of
purchasers. As further shown in FIG. 2, the processor circuit
140 can be coupled to a remote processor circuit 155 via a
network 145, such as the Internet.

FIG. 3 1s a schematic diagram of the POS system 100
shown 1n FIG. 1 illustrating the orientations of one transmait/
receive RFID tag reader 120 and one recerve-only RFID tag
reader 115 to define the buy-zone 1 which RFID tagged
items can be moved for purchase in some embodiments
according to the invention. According to FIG. 3, the trans-
mit/recerve RFID tag reader 120 and the receive-only RFID
tag reader 115 are oriented 1n different planes to form an
angle 131 that 1s about 90 degrees 1n some embodiments.
The RFID tagged 1tems 132 can be moved in the direction
135 through the buy-zone 125 toward the bagging station
105 or away from the bagging station 1035 1n direction 130.

As further shown 1n FIG. 3 the RFID tag reader 120 has
an associated radius R which 1s within the operational
scanning range of the reader. In particular, the radius R 1s a
distance within which if an RFID tag receives a read signal
from the RFID tag reader 120, the RFID tagged item 132
will transmit a response to the read signal 175. The buy-zone
125 can be defined to include points 1n the respective three
dimensional spaces that overlap another. It will be under-
stood that even though points 1 space may be within
scanning range R of the RFID tag reader, those points may
not be mcluded 1n the buy-zone 125.

In operation, the RFID tag reader 120 can transmit a read
signal 175 which 1s received by the RFID tagged item 132
because 1t 1s within range R. After receiving the read signal
175, the RFIID tagged 1item 132 can respond by transmitting,
a response signal 170 back to the RFID tag reader 120. As
further shown in FIG. 3, the response signal 170 1s also
received by the receive-only RFID tag reader 1185.

The information associated with the response signal 1s
transmitted to a processor circuit 140, which 1s configured to
coordinate operations of the system 100. In particular, the
processor circuit 140 1s conﬁgured to determine whether the
RFID tagged item 132 1s located within the buy-zone 125
using the phase information derived from the response

signal 175. If the processor circuit 140 determines that the
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RFID tagged 1item 132 1s located within the buy-zone 125,
the processor circuit can determine whether the RFID tagged
item 132 1s moving toward the bagging area 105 or away
from the bagging area based on changes 1n the position of
the RFID tagged item 132 over time. The processor circuit
140 can then update the list of purchased items for the
shopper. The processor circuit 140 can be included 1n the
POS system 100 or can be part of a separate system, such as
a local system that communicates with the POS system 100
to determine the shopper’s list of purchasers. As further
shown 1n FIG. 3, the processor circuit 140 can be coupled to
a remote processor circuit 155 via a network 145, such as the
Internet.

FIG. 4 1s a flowchart illustrating operations of the POS
system shown 1n FIG. 2 including alternating transmission
of signals from the two transmit/receive RFID tag readers to
the buy-zone to determine whether RFID tagged items are
within the buy-zone for purchase in some embodiments
according to the mvention. As shown 1n FIG. 4, operations
can begin where the first RFID tag reader transmits a read
signal (block 205). A time 1nterval 1s 1nserted to msure that
a read signal transmitted by another RFID tag reader does
not conflict with the read signal sent by the first RFID tag
reader (block 210).

After the time interval, the second RFID tag reader
transmits a read signal (block 215). It 1s then determined
whether a signal 1s received from an RFID tagged item
responsive to either of the two read signals transmitted by
the first and second RFID tag readers (block 220). If no
response 1s received operations continue at block 205 so as
to continue monitoring for the receipt of a response. If,
however a signal 1s recetved from an RFID tagged item
responsive to either of the two read signals transmitted by
the first and second RFID tag readers (block 220), a deter-
mination 1s made whether the RFID tag sending the response
1s moving through the buy-zone 125 either toward or away
from the area designated for purchases (block 225).

If 1t 1s determined that the RFID tag sending the response
1s moving through the buy-zone 125 toward the area des-
1gnated for purchases (block 2235) the 1tem 1s added to the list
of items for purchase (block 235). If 1t 1s determined that the
RFID tag sending the response 1s moving through the
buy-zone 1235 away from the area designated for purchases
(block 225) the 1tem may be removed from the list of 1items
for purchase (block 245) i1 1t 1s determined that the item 1s
already included on the list of purchased i1tems (block 240).
Otherwise, the response may be 1gnored (block 240).

FIG. 5 1s a flowchart illustrating operations of the POS
system shown in FIG. 3 including transmission of signals
from only one transmit/receive RFID tag reader to the
buy-zone to determine whether RFID tagged items are
within the buy-zone 125 for purchase 1n some embodiments
according to the mvention. As shown 1n FIG. §, operations
can begin where the first RFID tag reader transmits a read
signal (block 305). A determination 1s made whether a
response to the read signal i1s received by either the first
RFID tag reader or by the receive only RFID tag reader
(block 310). If no response 1s received by either the first
RFID tag reader or by the receive only RFID tag reader
(block 310) operations continue at block 305 so as to
continue monitoring for the receipt of a response.

If, however a signal 1s received from an RFID tagged item
responsive to the read signal transmitted by the first RFID
tag reader (block 310), a determination 1s made whether the
RFID tag sending the response 1s moving through the
buy-zone 125 either toward or away from the area desig-
nated for purchases (block 315). If 1t 1s determined that the
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RFID tag sending the response 1s moving through the
buy-zone 1235 toward the area designated for purchases
(block 320) the 1tem 1s added to the list of 1tems for purchase
(block 325). If 1t 1s determined that the RFID tag sending the
response 1s moving through the buy-zone 125 away from the
area designated for purchases (block 315) the item may be
removed from the list of 1tems for purchase (block 335) if 1t
1s determined that the item 1s already included on the list of
purchased items (block 330). Otherwise, the response may
be 1gnored.

FIG. 6 1s a schematic diagram illustrating first and second
RFID tag reader antennas 305 and 3510 extending on sub-
strates 1n respective first and second planes and respective
RFID tag antennas 515 and 520 shown 1n different orienta-
tions and 1including respective tag antennas 1n some embodi-
ments according to the invention. According to FIG. 6, the
RFID tag readers 505 and 510 are within range of RFID tags
160 and 165. The RFID tags 160 and 165 are oriented 1n
different directions representing exemplary orientations of
RFID tags that may be processed by the system 100. In
particular, the RFID tags 160 and 165 are oriented such that
both tags may not receive a read signal from at least one of
the RFID tag readers 505 and 510. For example, RFID tag
160 1s oriented such that i1t can receive a read signal from the
RFID tag reader 505 and can respond by transmitting a
signal that can be received by the tag reader 505. However,
the tag 165 1s oriented perpendicular relative to the first
RFID tag reader 5035 such that it may not receive a read
signal or may send a response that 1s not received by the tag
reader 505.

In contrast, RFID tag 165 1s oriented such that it can
receive a read signal from the second RFID tag reader 510
and can respond by transmitting a signal that can be received
by the tag reader 510. However, the tag 165 is oriented
perpendicular relative to the first RFID tag reader 505 such
that 1t may not receive a read signal or may send a response
that 1s not recerved by the tag reader 505. Accordingly, when
both RFID tag readers are combined 1n the system 100, the
dependency of communicating with RFID tags due orien-
tation can be addressed by positioning at least two RFID tag
readers 1n different intersecting planes adjacent to define a
buy-zone through which tagged items can be moved for
purchasing.

FIG. 7A 1s a side view of a wheeled shopping cart 600
having first and second RFID tag readers 115 and 120
coupled thereto to define the buy-zone 125 adjacent to an
opening in the shopping cart 600 in some embodiments
according to the mvention. FIG. 7B 1s a top view of the
wheeled shopping cart shown 1 FIG. 7A 1n some embodi-
ments according to the invention.

FIG. 8A 15 a side view of a hand-held shopping cart 700
having first and second RFID tag readers 115 and 120
coupled thereto to define the buy-zone 1235 adjacent to an
opening in the shopping cart 700 1n some embodiments
according to the mvention. FIG. 8B 1s a side view of the
hand-held shopping cart shown 1n FIG. 8A 1n some embodi-
ments according to the mnvention.

FIG. 9 1s a schematic illustration using two RFID tag
readers 115 and 120 to monitor the buy-zone 125 that
includes any distance measured from the two RFID tag
readers 115 and 120 to points 8035 and 810 within a three
dimensional space that 1s adjacent to an area designated to
indicate the purchase of 1items 1n some embodiments accord-
ing to the invention. According to FIG. 9, the point 805 1s
located within the three dimensional space representing the
buy-zone 125. In particular, the point 805 1s located distance
D1 from the first RFID tag reader 115 and located distance
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D3 from the second RFID tag reader 120. Similarly, the
point 810 1s also located within the three dimensional space
representing the buy-zone 125. In particular, the point 810 1s
located distance D2 from the first RFID tag reader 115 and
located distance D4 from the second RFID tag reader 120.
The distances are predetermined to be located within the
buy-zone based on the location of the RFID tag readers 115,
120 and the desired location of the buy-zone 125. It will be
understood that any tagged item that passed within range of
the RFID tag readers 115 and 120 can be determined to be
moving inside the buy zone based on the distance to one of
the RFID tag readers (e.g., if the tag 1s mis-oriented relative
to one of the RFID tag readers) and/or the distance to both
of the RFID readers.

FIG. 10 1s a block diagram illustrating an example of a
machine upon which one or more aspects of embodiments of
the present invention can be implemented. For example the
block diagram of FIG. 10 illustrates a computing system that
can be used to perform processor-executable instructions
represented by non-transitory processor-readable media to
carry out the operations shown i FIGS. 1-9 in some
embodiments according to the mvention.

Examples of machine 400 can include logic, one or more
components, circuits (e.g., modules), or mechanisms. Cir-
cuits are tangible entities configured to perform certain
operations. In an example, circuits can be arranged (e.g.,
internally or with respect to external entities such as other
circuits) 1n a specified manner. In an example, one or more
computer systems (e.g., a standalone, client or server com-
puter system) or one or more hardware processors (proces-
sors) can be configured by software (e.g., instructions, an
application portion, or an application) as a circuit that
operates to perform certain operations as described herein.
In an example, the software can reside (1) on a non-
transitory machine readable medium or (2) 1n a transmission
signal. In an example, the software, when executed by the
underlying hardware of the circuit, causes the circuit to
perform the certain operations.

In an example, a circuit can be implemented mechanically
or electronically. For example, a circuit can comprise dedi-
cated circuitry or logic that i1s specifically configured to
perform one or more techniques such as discussed above,
such as including a special-purpose processor, a field pro-
grammable gate array (FPGA) or an application-specific
integrated circuit (ASIC). In an example, a circuit can
comprise programmable logic (e.g., circuitry, as encom-
passed within a general-purpose processor or other program-
mable processor) that can be temporarily configured (e.g.,
by software) to perform the certain operations. It will be
appreciated that the decision to implement a circuit
mechanically (e.g., 1n dedicated and permanently configured
circuitry), or in temporarily configured circuitry (e.g., con-
figured by software) can be driven by cost and time con-
siderations.

Accordingly, the term “circuit” 1s understood to encom-
pass a tangible entity, be that an entity that 1s physically
constructed, permanently configured (e.g., hardwired), or
temporarily (e.g., ftransitorily) configured (e.g., pro-
grammed) to operate 1n a specified manner or to perform
specified operations. In an example, given a plurality of
temporarily configured circuits, each of the circuits need not
be configured or mstantiated at any one instance 1n time. For
example, where the circuits comprise a general-purpose
processor configured via software, the general-purpose pro-
cessor can be configured as respective different circuits at
different times. Software can accordingly configure a pro-

5

10

15

20

25

30

35

40

45

50

55

60

65

10

cessor, for example, to constitute a particular circuit at one
instance of time and to constitute a different circuit at a
different instance of time.

In an example, circuits can provide imnformation to, and
receive information from, other circuits. In this example, the
circuits can be regarded as being communicatively coupled
to one or more other circuits. Where multiple of such circuits
exist contemporaneously, communications can be achieved
through signal transmission (e.g., over appropriate circuits
and buses) that connect the circuits. In embodiments 1n
which multiple circuits are configured or instantiated at
different times, communications between such circuits can
be achieved, for example, through the storage and retrieval
of information 1n memory structures to which the multiple
circuits have access. For example, one circuit can perform
an operation and store the output of that operation in a
memory device to which 1t 1s commumicatively coupled. A
further circuit can then, at a later time, access the memory
device to retrieve and process the stored output. In an
example, circuits can be configured to initiate or receive
communications with iput or output devices and can oper-
ate on a resource (e.g., a collection of information).

The various operations of method examples described
herein can be performed, at least partially, by one or more
processors that are temporarily configured (e.g., by soft-
ware) or permanently configured to perform the relevant
operations. Whether temporarily or permanently configured,
such processors can constitute processor-implemented cir-
cuits that operate to perform one or more operations or
functions. In an example, the circuits referred to herein can
comprise processor-implemented circuits.

Similarly, the methods described herein can be at least
partially processor-implemented. For example, at least some
of the operations of a method can be performed by one or
processors or processor-implemented circuits. The perfor-
mance of certain of the operations can be distributed among,
the one or more processors, not only residing within a single
machine, but deployed across a number of machines. In an
example, the processor or processors can be located 1n a
single location (e.g., within a home environment, an office
environment or as a server farm), while 1n other examples
the processors can be distributed across a number of loca-
tions.

The one or more processors can also operate to support
performance of the relevant operations in a “cloud comput-
ing”” environment or as a “software as a service” (SaaS). For
example, at least some of the operations can be performed
by a group of computers (as examples of machines including
processors), with these operations being accessible via a
network (e.g., the Internet) and via one or more appropriate
interfaces (e.g., Application Program Interfaces (APIs).)

Example embodiments (e.g., apparatus, systems, or meth-
ods) can be implemented in digital electronic circuitry, 1n
computer hardware, in firmware, in software, or in any
combination thereof. Example embodiments can be imple-
mented using a computer program product (e.g., a computer
program, tangibly embodied 1n an information carrier or in
a machine readable medium, for execution by, or to control
the operation of, data processing apparatus such as a pro-
grammable processor, a computer, or multiple computers).

A computer program can be written 1 any form of
programming language, including compiled or interpreted
languages, and 1t can be deployed in any form, including as
a stand-alone program or as a software module, subroutine,
or other unit suitable for use in a computing environment. A
computer program can be deployed to be executed on one
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computer or on multiple computers at one site or distributed
across multiple sites and interconnected by a communication
network.

In an example, operations can be performed by one or
more programmable processors executing a computer pro-
gram to perform functions by operating on input data and
generating output. Examples of method operations can also
be performed by, and example apparatus can be 1mple-
mented as, special purpose logic circuitry (e.g., a field
programmable gate array (FPGA) or an application-specific
integrated circuit (ASIC)).

The computing system can include clients and servers. A
client and server are generally remote from each other and
generally interact through a communication network. The
relationship of client and server arises by virtue of computer
programs running on the respective computers and having a
client-server relationship to each other. In embodiments
deploying a programmable computing system, 1t will be
appreciated that both hardware and software architectures
require consideration. Specifically, 1t will be appreciated that
the choice of whether to implement certain functionality in
permanently configured hardware (e.g., an ASIC), 1n tem-
porarily configured hardware (e.g., a combination of soft-
ware and a programmable processor), or a combination of
permanently and temporarily configured hardware can be a
design choice. Below are set out hardware (e.g., machine
400) and software architectures that can be deployed in
example embodiments.

In an example, the machine 400 can operate as a stand-
alone device or the machine 400 can be connected (e.g.,
networked) to other machines.

In a networked deployment, the machine 400 can operate
in the capacity of erther a server or a client machine 1n
server-client network environments. In an example, machine
400 can act as a peer machine in peer-to-peer (or other
distributed) network environments. The machine 400 can be
a personal computer (PC), a tablet PC, a set-top box (STB),
a Personal Digital Assistant (PDA), a mobile telephone, a
web appliance, a network router, switch or bridge, or any
machine capable of executing instructions (sequential or
otherwise) specilying actions to be taken (e.g., performed)
by the machine 400. Further, while only a single machine
400 1s 1llustrated, the term “machine” shall also be taken to
include any collection of machines that individually or
jointly execute a set (or multiple sets) of instructions to
perform any one or more of the methodologies discussed
herein.

Example machine (e.g., computer system) 400 can
include a processor 402 (e.g., a central processing unit
(CPU), a graphics processing unit (GPU) or both), a main
memory 404 and a static memory 406, some or all of which
can communicate with each other via a bus 408. The
machine 400 can further include a display umt 410, an
alphanumeric input device 412 (e.g., a keyboard), and a user
interface (UI) navigation device 411 (e.g., a mouse). In an
example, the display unit 810, mput device 417 and UI
navigation device 414 can be a touch screen display. The
machine 400 can additionally include a storage device (e.g.,
drive unit) 416, a signal generation device 418 (e.g., a
speaker), a network interface device 420, and one or more
sensors 421, such as a global positioning system (GPS)
sensor, compass, accelerometer, or other sensor.

The storage device 416 can include a machine readable
medium 422 on which 1s stored one or more sets of data
structures or mnstructions 424 (e.g., soltware) embodying or
utilized by any one or more of the methodologies or func-
tions described herein. The instructions 424 can also reside,
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completely or at least partially, within the main memory 404,
within static memory 406, or within the processor 402
during execution thereof by the machine 400. In an example,
one or any combination of the processor 402, the main
memory 404, the static memory 406, or the storage device
416 can constitute machine readable media.

While the machine readable medium 422 1s 1illustrated as
a single medium, the term “machine readable medium™ can
include a single medium or multiple media (e.g., a central-
1zed or distributed database, and/or associated caches and
servers) that configured to store the one or more instructions
424. The term “machine readable medium” can also be taken
to include any tangible medium that 1s capable of storing,
encoding, or carrying instructions for execution by the
machine and that cause the machine to perform any one or
more of the methodologies of the present disclosure or that
1s capable of storing, encoding or carrying data structures
utilized by or associated with such instructions. The term
“machine readable medium™ can accordingly be taken to
include, but not be limited to, solid-state memories, and
optical and magnetic media. Specific examples of machine

readable media can include non-volatile memory, including,

by way of example, semiconductor memory devices (e.g.,
Electrically Programmable Read-Only Memory (EPROM),
Electrically Frasable Programmable Read-Only Memory
(EEPROM)) and flash memory devices; magnetic disks such
as internal hard disks and removable disks; magneto-optical
disks; and CD-ROM and DVD-ROM disks.

The instructions 424 can further be transmitted or
received over a communications network 426 using a trans-
mission medium via the network interface device 420 uti-
lizing any one of a number of transfer protocols (e.g., frame
relay, IP, TCP, UDP, HT'TP, etc.). Example communication
networks can include a local area network (LAN), a wide
area network (WAN), a packet data network (e.g., the
Internet), mobile telephone networks (e.g., cellular net-
works), Plain Old Telephone (POTS) networks, and wireless
data networks (e.g., IEEE 802.11 standards family known as
Wi-Fi®, IEEE 802.16 standards family known as WiMax®),
peer-to-peer (P2P) networks, among others. The term “trans-
mission medium™ shall be taken to include any intangible
medium that 1s capable of storing, encoding or carrying
instructions for execution by the machine, and includes
digital or analog communications signals or other intangible
medium to facilitate communication of such software.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting to other embodiments. As used herein, the singular
forms ““a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises,”
“comprising,” “includes” and/or “including”, “have” and/or
“having” when used herein, specity the presence of stated
features, integers, steps, operations, elements, and/or com-
ponents, but do not preclude the presence or addition of one
or more other features, integers, steps, operations, elements,
components, and/or groups thereof. Elements described as
being “to” perform functions, acts and/or operations may be
configured to or other structured to do so.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which various embodiments described herein belong. It wall
be further understood that terms used herein should be
interpreted as having a meaning that 1s consistent with their

meaning 1n the context of this specification and the relevant
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art and will not be interpreted in an i1dealized or overly
formal sense unless expressly so defined herein.

As will be appreciated by one of skill in the art, various
embodiments described herein may be embodied as a
method, data processing system, and/or computer program
product. Furthermore, embodiments may take the form of a
computer program product on a tangible computer readable
storage medium having computer program code embodied
in the medium that can be executed by a computer.

Any combination of one or more computer readable
media may be utilized. The computer readable media may be
a computer readable signal medium or a computer readable
storage medium. A computer readable storage medium may
be, for example, but not limited to, an electronic, magnetic,
optical, electromagnetic, infrared, or semiconductor system,
apparatus, or device, or any suitable combination of the
foregoing. More specific examples (a non-exhaustive list) of
the computer readable storage medium would 1nclude the
following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a portable compact disc read-
only memory (CD-ROM), an optical storage device, a
magnetic storage device, or any suitable combination of the
foregoing. In the context of this document, a computer
readable storage medium may be any tangible medium that
can contain, or store a program for use by or in connection
with an instruction execution system, apparatus, or device.

A computer readable signal medium may include a propa-
gated data signal with computer readable program code
embodied therein, for example, in baseband or as part of a
carrier wave. Such a propagated signal may take any of a
variety of forms, including, but not limited to, electro-
magnetic, optical, or any suitable combination thereof. A
computer readable signal medium may be any computer
readable medium that 1s not a computer readable storage
medium and that can communicate, propagate, or transport
a program for use by or in connection with an instruction
execution system, apparatus, or device. Program code
embodied on a computer readable signal medium may be
transmitted using any appropriate medium, including but not
limited to wireless, wired, optical fiber cable, RE, etc., or any
suitable combination of the foregoing.

Computer program code for carrying out operations for
aspects of the present disclosure may be written 1 any
combination of one or more programming languages,
including an object oriented programming language such as
Java, Scala, Smalltalk, Eiftel, JADE, Emerald, C++, C#,
VB.NET, Python or the like, conventional procedural pro-
gramming languages, such as the “C” programming lan-
guage, Visual Basic, Fortran 2003, Perl, COBOL 2002, PHP,
ABAP, dynamic programming languages such as Python,
Ruby and Groovy, or other programming languages, such as
a programming language for a FPGA, Verilog, System
Verilog, Hardware Description language (HDL), and
VHDL. The program code may execute entirely on the
user’s computer, partly on the user’s computer, as a stand-
alone software package, partly on the user’s computer and
partly on a remote computer or entirely on the remote
computer or server. In the latter scenario, the remote com-
puter may be connected to the user’s computer through any
type ol network, including a local area network (LAN) or a
wide area network (WAN), or the connection may be made
to an external computer (for example, through the Internet
using an Internet Service Provider) or 1n a cloud computer
environment or offered as a service such as a Software as a

Service (SaalS).
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Some embodiments are described herein with reference to
flowchart 1llustrations and/or block diagrams of methods,
systems and computer program products according to
embodiments. It will be understood that each block of the
flowchart 1llustrations and/or block diagrams, and combina-
tions of blocks 1n the flowchart illustrations and/or block
diagrams, can be implemented by computer program
istructions. These computer program instructions may be
provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create a mechanism for implementing the functions/acts
specified in the tlowchart and/or block diagram block or
blocks.

These computer program instructions may also be stored
in a computer readable medium that when executed can
direct a computer, other programmable data processing
apparatus, or other devices to function 1n a particular man-
ner, such that the instructions when stored 1n the computer
readable medium produce an article of manufacture 1nclud-
ing 1nstructions which when executed, cause a computer to
implement the function/act specified 1n the tlowchart and/or
block diagram block or blocks. The computer program
instructions may also be loaded onto a computer, other
programmable struction execution apparatus, or other
devices to cause a series of operational steps to be performed
on the computer, other programmable apparatuses or other
devices to produce a computer implemented process such
that the 1nstructions which execute on the computer or other
programmable apparatus provide processes for implement-
ing the functions/acts specified 1n the flowchart and/or block
diagram block or blocks.

It 1s to be understood that the functions/acts noted 1n the
blocks may occur out of the order noted 1n the operational
illustrations. For example, two blocks shown 1n succession
may 1n fact be executed substantially concurrently or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality/acts involved. Although
some of the diagrams include arrows on communication
paths to show a primary direction of communication, it 1s to
be understood that communication may occur in the oppo-
site direction to the depicted arrows.

Many different embodiments have been disclosed herein,
in connection with the above description and the drawings.
It will be understood that 1t would be unduly repetitious and
obfuscating to literally describe and illustrate every combi-
nation and subcombination of these embodiments. Accord-
ingly, all embodiments can be combined in any way and/or
combination, and the present specification, including the
drawings, shall support claims to any such combination or
subcombination.

While the foregoing 1s directed to aspects of the present
disclosure, other and further embodiments of the disclosure
may be devised without departing from the basic scope
thereof, and the scope thereof 1s determined by the claims
that follow.

What 1s claimed:

1. An RFID 1in-store point-of-sale system comprising:

a first RFID tag reader with a first reader antenna that

extends on a first substrate oriented 1n a first plane;

a second RFID tag reader with a second reader antenna
that extends on a second substrate oriented 1n a second
plane that intersects the first plane to form an oflset
angle between the first plane and the second plane that
1s about 45 degrees to about 135 degrees; and
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a processor circuit operatively coupled to the first RFID
tag reader and to the second RFID tag reader and
configured to control the first RFID tag reader to
transmit a signal from the first reader antenna into a

buy-zone and 1s configured to detect movement of an

RFID tag relative to the buy-zone based on a signal

from the RFID tag that 1s detected by the first RFID tag

reader or that 1s detected by the second RFID tag
reader.

2. The RFID 1n-store point-of-sale system of claim 1
wherein the buy-zone 1s defined to include any distance
measured from the first reader antenna or from the second
reader antenna to points within a defined three-dimensional
space adjacent to an area designated to indicate purchase of
items associated with the RFID tag.

3. The RFID 1n-store point-of-sale system of claim 1
wherein the second RFID tag reader 1s a RFID tag reader
that does not transmit RFID signals to detect the movement
of the RFID tag relative to the buy-zone;

the processor circuit 1s further configured to detect the

movement of the RFID tag into the buy-zone or out of
the buy-zone based on the signal from the RFID tag
being detected by the first RFID tag reader or being
detected by the receive-only RFID tag reader.

4. The RFID in-store point-of-sale system of claim 1
wherein the signal from the first reader antenna comprises a
first signal from the first RFID tag reader and the signal from
the RFID tag comprises a first signal from the RFID tag that
1s responsive to the first signal from the first RFID tag reader
and the processor circuit 1s further configured to control the
second RFID tag reader to transmit a second signal from the
second reader antenna 1nto the buy-zone;

wherein the processor circuit i1s further configured to

detect movement of the RFID tag into the buy-zone or
out of the buy-zone based on the first signal from the

RFID tag being detected by the first RFID tag reader or
based on a second signal from the RFID tag that 1s
responsive to the second signal from the second RFID
tag reader being detected by the second RFID tag
reader.

5. The RFID in-store point-of-sale system of claim 4
wherein the processor circuit 1s further configured to time-
oflset generation of the first signal from the first RFID tag
reader and generation of the second signal from the second
RFID tag reader.

6. The RFID in-store point-of-sale system of claim 1
wherein the {first reader antenna comprises a first circular
polarized RFID antenna and the second reader antenna
comprises a second circular polarized RFID antenna.

7. The RFID 1n-store point-of-sale system of claim 1
wherein the first RFID tag reader and the second RFID tag
reader are located proximate to a bagging station.

8. The RFID in-store point-of-sale system of claim 1
wherein the first RFID tag reader and the second RFID tag
reader are coupled to a mobile shopping receptacle and the
buy-zone 1s located across an opening in mobile shopping
receptacle sized to accommodate insertion of an item
attached to the RFID tag.

9. The RFID 1n-store point-of-sale system of claim 8
wherein the mobile shopping receptacle 1s a wheeled shop-
ping cart or a hand-held basket.

10. The RFID 1n-store point-of-sale system of claim 1
wherein the processor circuit 1s further configured to detect
the movement of the RFID tag relative to the buy-zone based
on phase change information associated with the signal from
the RFID tag that indicates movement of the RFID tag.
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11. The RFID in-store point-of-sale system of claim 1
wherein the processor circuit 1s further configured to indi-
cate that an 1tem associated with the RFID tag has been
purchased responsive to detecting the movement of the
RFID tag into the buy-zone and 1s further configured to
indicate that the item associated with the RFID tag has not

been purchased responsive to detecting the movement of the
RFID tag out the buy-zone.

12. A method of operating an RFID 1n-store point-of-sale
system, the method comprising:

(a) transmitting a first signal from a first RFID tag reader
into a buy-zone via a first reader antenna that extends
in a first plane;

(b) determining whether a first signal transmitted by an
RFID tag moving relative to the buy-zone 1s received at
the first RFID tag reader in response to the first signal
transmitted from the first RFID tag reader;

(¢) determining whether a second signal transmitted by
the RFID tag moving relative to the buy-zone 1is
received at a second RFID tag reader via a second
reader antenna that extends in a second plane, the
second plane intersecting the first plane to form an

offset angle between the first plane and the second
plane that 1s about 45 degrees to about 90 degrees;
repeating operations (a)-(c) until detecting a movement of
the RFID tag into the buy-zone or out of the buy-zone
based on receiving the first signal from the RFID tag or
receiving the second signal from the RFID tag; and
indicating that an 1tem associated with the RFID tag has
been purchased or not been purchased responsive to
detecting the movement of the RFID tag into the
buy-zone or out of the buy-zone, respectively.

13. The method of claim 12 wherein the buy-zone 1s
defined to include any distance measured from the first
reader antenna or from the second reader antenna to points
within a defined three-dimensional space adjacent to an area
designated to indicate purchase of 1items associated with the
RFID tag.

14. The method of claim 12 wherein the second signal
transmitted by the RFID tag moving mto or out of the
buy-zone comprises the first signal transmitted by the RFID
tag and the second RFID tag reader comprises a receive-only
RFID tag reader.

15. The method of claim 12 further comprising:

(d) after operation (a) transmitting a second signal from
the second RFID tag reader into the buy-zone via the
second reader antenna before operation (c).

16. The method of claam 12 wherein the first reader
antenna comprises a first circular polarized RFID antenna
and the second reader antenna comprises a second circular
polarized RFID antenna.

17. The method of claim 12 wherein the first RFID tag
reader and the second RFID tag reader are located proximate
to a bagging station.

18. The method of claam 12 wherein the first RFID tag
reader and the second RFID tag reader are coupled to a
mobile shopping receptacle and the buy-zone 1s located
across an opening in mobile shopping receptacle sized to
accommodate 1nsertion of an item attached to the RFID tag.

19. One or more non-transitory processor-readable media
storing processor-executable instructions for causing one or
more processors to perform a method of operating a RFID
in-store point-of-sale system, the method comprising:

(a) transmitting a first signal from a first RFID tag reader

into a buy-zone via a first reader antenna that extends
in a first plane;
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(b) determining whether a first signal transmitted by an
RFID tag moving relative to the buy-zone 1s received at
the first RFID tag reader 1n response to the first signal
transmitted from the first RFID tag reader;
(c) determining whether a second signal transmitted by 5
the RFID tag moving relative to buy-zone 1s received at
a second RFID tag reader via a second reader antenna
that extends 1n a second plane, the second plane inter-
secting the first plane to form an oflset angle between
the first plane and the second plane that 1s about 45 10
degrees to about 90 degrees;
repeating operations (a)-(c) until detecting a movement of
the RFID tag into the buy-zone or out of the buy-zone
based on receiving the first signal from the RFID tag or
receiving the second signal from the RFID tag; and 15

indicating that an 1tem associated with the RFID tag has
been purchased or has not been purchased responsive to
detecting the movement of the RFID tag.

20. The one or more non-transitory processor-readable
media storing processor-executable instructions according 20
to claim 19 wherein the buy-zone 1s defined to include any
distance measured from the first reader antenna or from the
second reader antenna to points within a defined three-
dimensional space adjacent to an area designated to indicate
purchase of items associated with the RFID tag. 25
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