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AN APPARATUS AND METHOD FOR PRODUCING AN APPROPRIATE QUANTITY OF RFID

READS

BACKGROUND OF THE INVENTION
[0001] Radio frequency 1dentification (RFID) readers may be used in, for example,
retall environments to keep track of merchandise tagged with RFID tags, with a goal of
ensuring that merchandise 1n inventory 1s properly displayed on the sales floor. It 1s
very important to retailers to make sure their sales floor shelves are never empty,
especially 1f there 1s merchandise 1n the back of the store that can be used for
replenishment. Currently, retailers often do not know that replenishment 1s needed, so
stores miss sales opportunitiecs when merchandise 1n the back room should 1nstead be
on the empty sales floor shelves. RFID readers are typically configured to read RFID
tags within a predefined range and are effective in detecting new merchandise
introduced on the sales floor. However, RFID readers are not as effective in tracking
merchandise already on the sales floor, and knowing the accurate shelf count 1s critical
so replenishment happens at the appropriate time. Simply removing an item from the
shelf 18 no guarantee that 1t will be purchased, so the shelf’s inventory count should not
be automatically reduced 1n this situation. For example, when an item 1s removed
from a shelf, the item may be moved to another location 1n the store and left there or 1t
may be returned later to 1ts proper shelf location. If the item 1s purchased and removed
from the store, existing point of sales systems may automatically reduce the mventory
count for that item, providing an indication that the item needs to be replenished.
However, when the 1item 1s moved to another location 1n the store, the item may not be
casily located and returned to the proper shelf. To avoid missing sales opportunities, it
1s critical not only to know the merchandise currently 1n a store’s total inventory, but
also know the accurate breakdown of shelf inventory on the sales floor versus back
room 1nventory as well as know which merchandise 1s improperly shelved on the sales

floor.

[0002] Attempts made to track the specific locations of tagged merchandise using

RFID readers as the tagged merchandise moves through a store have shown to be near



or beyond the limits of RFID technology. Department level tracking 1s therefore a
desirable alternative to tracking the specific locations of tagged merchandise as the
merchandise moves through a store because when 1t can be confirmed that an 1tem has
been moved from a region of the store (also referred to as a department) where the
item 18 meant to be properly shelved, there 1s a higher level of certainty that the item
1S no longer properly shelved. However, prior attempts at department level tracking
have resulted 1n either an excessive amount of data, which 1s extremely difficult to

manage, or not enough data.

[0003] In RFID protocol, there are four sessions, sessions 0, 1, 2, and 3, and two
states, state A and state B. By default, an unread RFID tag 1s 1n state A, and once the
tag 1s read, the tag may be switched to the B state, depending on the session. Once
shelved, the majority of tagged items are not moved around and do need to be read
repetitively. However, 1n session 0, the RFID reader reads an RFID tag over and over
until the RFID tag 1s out of range or shiclded from the RFID reader, creating an
excessive amount of data and potentially preventing tags closer to the edges of the
reader’s range from being read. Session 1 1s similar to session O except that 1n session
1 when an RFID tag 1s read by the RFID reader, the tag will not be read again for a
predefined period. For example, the tag will not be read for the next one and a half
seconds. Accordingly, in session 1, tagged 1items may be read every one and a half
seconds, also creating an excessive amount of data. The vast majority of these tags
don’t need to be read repetitively since nothing of significance 1s happening to them.

This exorbitant amount of unnecessary data can be difficult to manage.

[0004] In sessions 2 and 3, when the tagged 1item 1s read, the state 1s switched from
state A to state B and the tag stays in state B 1f 1t can detect RF power within a
defined period, for example, five to fifteen seconds. While the tag 1s 1n state B, the
tag won’t be read again by the RFID reader, reducing the amount of data provided by
the RFID reader. If the tag 1s switched from state A to state B and the tag does not
detect radio frequency (RF) power after more than, for example, fifteen seconds, the

tag 1s switched back to state A. Using this approach, the tag may only be read once 1f



RF power is constantly detectable, potentially producing insufficient data. In other

words, the tag won’t be tracked beyond its first and only read.

[0005] Another approach utilizes a checkerboard of alternating readers (or alternating
antennas within a reader), wherein an RFID reader (or antenna) configured to read in
session/state 3A, for example, switches a tag from 3A to 3B after reading the tag, and
another RFID reader (or antenna) configured to read in session/state 3B switches the
tag to state 3A after reading the tag. The intent 15 that as a tagged 1tem moves through
a space, 1t will be read once by the 3A reader and the tag state will be flipped to 3B so
that when the tag 1s then 1n the range of 3B reader, the tag will be read by the 3B
reader and the tag state will be flipped back to 3A, and so on. However, coverage in
the 3B regions may not be acceptable because a prerequisite of a tag being read by the
3B rcader 1s that the tag was previously read by a 3A reader and the tag did not lose
RF power for more than a predefined period, for example, 5 seconds, before entering
the 3B region. RF power typically may not cover one hundred percent of a space. As
such, there may be natural nulls, RF hidden spots, for example, under metal shelves
and next to people, and/or tag shadowing. Using this approach, 1f an RFID tag 1s not
switched to the 3B state because 1t was not read by a 3A reader or because 1t cannot
detect RF power for a predefined period after being read by a 3A reader, the 3B
readers will not be utilized to their full potential, creating unwanted holes in RF

coverage and again providing insufficient data.

[0006] Accordingly, there 1s a need for an apparatus and method for balancing the

number of RFID reads to produce an appropriate quantity of data.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0007] The accompanying figures, where like reference numerals refer to 1dentical or
functionally stmilar elements throughout the separate views, together with the detailed
description below, are incorporated 1n and form part of the specification, and serve to
further 1llustrate embodiments of concepts that include the claimed invention, and

explain various principles and advantages of those embodiments.



[0008] FIG. 1 1s a block diagram of a region covered by a Radio Frequency

identification (RFID) reader in accordance with some embodiments.

[0009] FIGS. 2A and 2B are diagrams of transmission patterns and sequences of

grouped antennas 1n accordance with some embodiments.

[0010] FIG. 3 1s a diagram of a configuration of readers 1n accordance with some

embodiments.

[0011] FIG. 4 1s a diagram of RFID tag states as an RFID tag moves through a region

1n accordance with some embodiments.

[0012] FIG. 5 1s a diagram that shows how collected RFID data may be interpreted in

accordance with some embodiments.

[0013] FIG. 6 1s a flow diagram of the steps implemented 1n accordance with some

embodiments.

[0014] Skalled artisans will appreciate that elements in the figures are 1llustrated for
simplicity and clarity and have not necessarily been drawn to scale. For example, the
dimensions of some of the elements 1n the figures may be exaggerated relative to
other elements to help to improve understanding of embodiments of the present

1nvention.

[0015] The apparatus and method components have been represented where
appropriate by conventional symbols in the drawings, showing only those specific
details that are pertinent to understanding the embodiments of the present invention so
as not to obscure the disclosure with details that will be readily apparent to those of

ordinary skill in the art having the benefit of the description herein.

DETAILED DESCRIPTION OF THE INVENTION
[0016] Some embodiments are directed to apparatuses and methods wherein an RFID
reader configures cach of a plurality of antennas operating in the RFID reader to
operate 1n one of a first state and a second state, configures each of the plurality of
antennas to operate 1n a first session and a second session and to operate in opposite

states 1n the first session and the second session, and configures adjacent antennas or



adjacent groups of antennas to operate 1 opposite states in the first session and the
second session. During operation, each of the plurality of antennas 1s configured to
read an RFID tag within a range of the antenna when a state of the RFID tag for the
session 1n which the antenna 1s configured to operate matches the state in which the
antenna 1s configured to operate and to switch the state of the RFID tag to the

opposite state for each session.

[0017] FIG. 1 1s a block diagram of a region covered by a Radio Frequency
identification (RFID) reader 1n accordance with some embodiments. The RFID reader
1s configured to read RFID tags within a predefined region 100 and includes multiple
antennas for enabling the RFID reader to read RFID tags within region 100. Antennas
102 (1.c., antennas 102a-102h) of an RFID reader are configured to read specific
RFID tags within a sub-region 104 (1.¢., regions 104a-104d), such that cach of
antennas 102 1s also configured to operate 1n two sessions and 1 an opposite state 1n
cach of the two sessions. For example, each antenna 102 may be configured to
operate 1n session 2 and session 3 of the RFID protocol and 1n an opposite state, A or
B, 1n each of the two sessions. When an antenna 1s operating 1n, for example, session
2/state A, the antenna 1s also configured to subsequently operate 1n session 3/state B
(the opposite state to that of session 2). The RFID reader may transmit on one
antenna at a time using, for example, a time division multiple access (TMDA) scheme,

although the RFID reader may use other access schemes.

[0018] In an embodiment, antennas 102 may be divided into groups of two such that
in cach group, during a first transmission time slot, a first antenna and a second
antenna 1n the group are configured to operate 1n session 2 or 3 and state A or B and
during the next transmission time slot, the first and second antennas 1n the group are
configured to operate in the opposite session and state. For example, 1f antennas 102a
and 102b are 1n a group, during the first time slot, antennas 102a and 102b may be
configured to operate 1n session 2 and states A or B (for example, antennas 102a and
102b may operate mn 2B) and during the next time slot, the antennas may operate 1n
3A. Antennas 102a and 102b may, for example, operate sequentially within a time

slot. In another embodiment, during the first transmission time slot, the first antenna



in a group (1.€., antenna 102a) may be configured to operate 1n, for example, 2B for a
period 1n that time slot and 3A for a time period in that time slot, and during the
second transmission time slot, the second antenna 1n the group may be configured to
operate 1n, for example, 2B for a period in that time slot and 3A for a time period 1n
that time slot. Therefore, 1n this embodiment, the first antenna or second antenna 1n a
group 18 configured to operate 1n a first session and state and 1n the second session and
opposite state 1n one time slot, and 1n the next the slot, the other antenna 1n the group
1s configured to operate 1n the first session and state and 1n the second session and

opposite state.

[0019] When the antennas are grouped, the grouped antennas may operate 1in the same
session and state and adjacent groups may be configured to operate in opposite states
for the same sessions. Continuing with the example above, antennas 102a/102b may
both operate in 3A/2B, and adjacent groups may operate in 3B/2A. (Note that this
notation (¢.g. session & state X/session & state Y) means that the antennas are
configured to operate 1n both sessions and states X and Y. For example, 3A/2B
means that the antennas are configured to operate in both 3A and 2B.) Accordingly,
in region 104a, for example, the RFID reader may configure antennas 102a and 102b
to read RFID tags in the 3A and 2B states. In adjacent region 104b, the RFID reader
may configure antennas 102¢ and 102d to read RFID tags 1n the 3B and 2A states (1.¢.,
an alternate session/state to region 104a). Inregion 104c, the RFID reader may
configure antennas 102¢ and 1021 to read RFID tags in the 3B and 2A states (1.¢., an
alternate session/state to adjacent region 104a). In region 104d, the RFID reader may
configure antennas 102g and 102h to read RFID tags 1n the 3A and 2B states (1.¢., an
alternate session/state to regions 104b and 104c). Accordingly, in cach region the

session and state 1s mverse to the session and state 1n an adjacent region.

[0020] FIGS. 2A and 2B arec diagrams of transmission patterns and sequences of
grouped antennas 1n accordance with some embodiments. In the embodiment shown
in FIG. 2A, the antennas are grouped 1n the regions as shown 1n FIG. 1. Consider an
example where the RFID reader begins to transmit on antenna 102d and transmits in

time slots moving counter-clockwise. Antenna 102d will transmit in the 2A state in a



first time slot, antenna 102c¢ will transmit in the 2A state 1n a second time slot (1.¢., the
same session and state as antenna 102d because these two antennas are grouped 1n
region 104b and configured to operate in the same session and state). Antenna 102b
will transmit in 2B 1n a third time slot; antenna 102a will transmit 1n 2B 1n a fourth
time slot; and so on. In the next iteration, as depicted by the dashed line, antenna
102d will transmit 1n the 3B state 1n a first time slot; antenna 102¢ will transmit 1n the
3B state 1n a second time slot; antenna 102b will transmit 1n the 3A state in a third
time slot; antenna 102a will transmit 1n the 3A state 1n a fourth time slot; and so on.

In these embodiments, rather than operating each group of antennas in only one
session, for example, session 2 or session 3, ecach group of antennas 18 configured to

run 1n both sessions 2 and 3 and 1n the opposite states.

[0021] In the embodiment shown 1n FIG. 2B, the antennas are also grouped 1n the
regions as shown in FIG. 1. Similar to FIG. 2A, the RFID reader begins to transmit
on antenna 102d and antenna 102d transmits 1n the 2A state for a period 1n a first time
slot and 1n the 3B state for another period in the first time slot, antenna 102¢ transmits
in the 2A state for a period 1n a second time slot and 1n the 3B state for another period
in the second time slot, antenna 102b transmits 1n the 2B state for a period 1n a third
time slot and 1n the 3A state for another period 1n the third time slot, antenna 102a
will transmit 1n the 2B state for a period 1n a fourth time slot and 1n the 3A state for

another period 1n the fourth time slot, and so on.

[0022] In another embodiment, rather than dividing region 100 into sub-regions 104,
the settings of individual readers as a whole could alternate. For example, the settings
on the plurality of all antennas for each individual reader could be set to the first and
second sessions with opposite states and the plurality of all antennas on adjacent
readers may be configured to operate in opposite states. For example, reader 302a

may operate in 3A/2B and adjacent readers 302b and 302¢ may operate 1n 3B/2A, as

shown, for example 1n FIG 3.

[0023] Each of the antennas 18 configured to read an RFID tag within a range of the
antenna when the state of the RFID tag (A or B) for the session the antenna 1s

configured in (2 or 3) matches the state in which the antenna’s session 1s configured



to operate. Returning to FIG. 1, consider an example where an RFID tag was read
previously by a 3A antenna and switched to a 3B state and by a 2B antenna and
switched to a 2A state (1.¢., the RFID tag 1s now 1n the 3B/2A state). If the tag
remains visible to RF power of an RFID reader, when the RFID tag 1s moved, for
example, within regions 104a and 104d, antennas 102a/102b and antennas 102g/104h
may not read the tag. In this example, the tag won’t be read again in regions 104a
and/or 104d because the antennas in these regions are configured to read RFID tags in
the 3A/2B state. However, when the tag 1s moved to regions 104b or 104c, the tag
will be read by antennas 102¢/102d and 102¢/102f because these antennas are
configured to read RFID tags 1n the 3B/2A state (the current state of the tag, 1.¢. the
tag may be read by the antennas configured to read 3B tags and/or 2A tags).
Stmilarly, 1f a tag 1s visible to RF power of an RFID reader and the session and state
of the tag 18 3A/2B, the tag won’t be read 1n regions 104b and 104¢ because the
antennas 1n those regions are not configured to read tags in the 3A/2B state (1.¢. the

3A state or the 2B state).

[0024] Tf a tag 1s not visible to RF power of the RFID reader because, for example,
the tag 1s under a metal shelf or 1n a section that does not have the RF energy after a
predefined period, for example, fifteen seconds, the tag will switch to a 3A/2A state.
While the tag remains hidden, 1t won’t be read by any of the antennas 102.

[0025] Consider an example where a tag 1s read by a 3A antenna (1.¢., one of the
antennas in region 104a or 104d). In such a case, the tag was cither pulled into view
from a hidden RF location 1in a 3A region (for example, a hidden RF location in
region 104a or 104d) or moved from a 3B location (i.¢., region 104b or 104c) to a
visible RF location 1n a 3A region (1.¢., region 104a or 104d). In an example where a
tag 1s read by a 2B antenna (1.¢., one of the antennas in region 104a or 104d), then the
tag was moved from a visible RF 2A location (1.¢., region 104b or 104¢), where 1t was
read by a 2A antenna and maintained its RF power, to a visible RF 2B location (i.¢.,
regions 104a or 104d). In an example where a tag 1s read by a 3B antenna (1.¢., one of
the antennas 1n region 104b or 104c¢), then the tag was moved from a visible RF 3A

location (1.¢., regions 104a or 104d), where 1t was read by a 3A antenna and



maintained 1ts RF power, to a visible RF 3B location (1.¢., regions 104b or 104c). In
an example where a tag 1s read by a 2A antenna (i.¢., on¢ of the antennas 1n region
104b or 104c¢), then the tag was either pulled into view from a hidden RF 2A location
(1.c., regions 104b or 104c) or moved from a 2B location (1.¢., regions 104a or 104d)

to a visible RF 2A location (1.¢., regions 104b or 104¢).

[0026] FIG. 4 1s a diagram of RFID tag states as an RFID tag moves through a region
in accordance with some embodiments. In FIG. 4, the antennas are grouped 1n the
regions as shown in FIG. 1. The tag state of a hidden tag in region 104b will be set to
a first tag state - 2A/3A state. If the hidden tag 1s made visible to the RF 1n this region,
when antennas 102¢ and 102d are transmitting 1in the 3B state, the antennas will not
read the tag because the tag state 1s 3A. However, antennas 102¢ and 102d are also
configured to transmit the 2A state. Therefore, one of antennas 102¢ and 102d waill
read the tag and switch the tag state to 2B, causing the tag state to be 2B/3A. If the

tag 1S moved (as denoted by the dashed lines) to regions 104a or 104d (the adjacent
regions), the antennas transmitting in the 2B state 1n those regions will read the tag

and switch the tag to the 2A state, and the antennas transmitting in the 3 A state in
those regions will read the tag and switch the tag to the 3B state, causing the tag state
to be 2A/3B. If the tag 1s moved to the adjacent quadrants (1.c., regions 104b or 104¢),
the antennas transmitting in the 2A state in those regions will read the tag and switch
the tag to the 2B state and the antennas transmitting in the 3B state in those regions
will read the tag and switch the tag to the 3A state, causing the tag state to be 2B/3A.

For case of illustration, movement 1s only shown from regions 104d to 104c.

[0027] If at any time and 1n any region the tag becomes RF hidden for a period of
time, the tag state will switch back to 2A and 3A. Once the tag becomes RF visible
again, the tag will not be read by the “B” antennas (i.c., the antennas operating 2B or
3B states 1n the region where the tag 1s made visible). However, each region also has
an “A” antenna (1.¢., the antennas operating 2A or 3A states 1n the region), as a
backup to ensure that the tag 1s read at least once 1n each region. Embodiments
therefore balance between providing too much data as 1s done when using session O or

session 1 of the RFID protocol and providing insufficient data as 1s done 1n other
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current approaches where RFID antennas are configured solely 1n either session 2 or

in session 3 of the RFID protocol.

[0028] FIG. 5 1s a diagram that shows how collected RFID data may be interpreted in
accordance with some embodiments. Consider that a region 1S covered by four
readers 502 (1.¢., 502a-502d), each of which includes multiple antennas 504a-504h. If
specific antennas are configured to operate in specific states and sub-regions, the tags
read by antenna 504 may indicate movements of RFID tags. For example, antennas
504a, 504g and 504h of reader 502a, antennas 504¢, 5041 and 504¢g of reader 502b,
antennas 504a, 504b and 504c¢ of reader 502¢, and antennas 504c, 504d and 504¢ of
reader 502d may be configured to read an item with RFID tag 506 1n a department.
Each of antennas 504 may be configured to read RFID tags according to one or more
of the embodiments described above. If RFID tag 506 was pulled from a hidden
location and read by any of the antennas (1.¢., antennas 504a, 504g and 504h of reader
502a, antennas 504¢, 5041 and 504¢g of reader 502b, antennas 504a, 504b and 504c¢ of
reader 502¢, and antennas 504c¢, 504d and 504¢ of reader 502d) configured to read
that tag, a processor can determine that the tagged item 1s still in the proper
department and may not subtract the item from an inventory count or shelf count,
although there 1s some indication of movement of the tagged item. However, 1f tag
506 1s read by other antennas that are not configured to read that tag, a processor can
determine that the tagged item is no longer 1n the proper department and may subtract
the 1tem associated with the tag from an inventory count or shelf count. The
processor may make this determination after a specified number of tag reads are made
by antennas and/or readers that are not configured to read that tag based on the sub-

region or region they cover.

[0029] FIG. 6 1s a flow diagram of the steps implemented 1n accordance with some
embodiments. At 6035, an RFID reader configures cach of a plurality of antennas
operating in the RFID reader to operate 1n one of a first state and a second state. At
610 the RFID reader configures cach of the plurality of antennas to operate 1n a first
session and a second session and to operate 1n opposite states 1n the first session and

the second session. At 6135, the RFID reader configures adjacent antennas or adjacent
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groups of antennas to operate 1in opposite states in the first session and the second
session. At 620, during operation, each of the plurality of antennas 1s configured to
read an RFID tag within a range of the antenna when a state of the RFID tag for the
session 1n which the antenna 1s configured to operate matches the state in which the
antenna 1s configured to operate and to switch the state of the RFID tag to the

opposite state for each session.

[0030] In the foregoing specification, specific embodiments have been described.
However, one of ordinary skill 1n the art appreciates that various modifications and
changes can be made without departing from the scope of the invention as set forth in
the claims below. Accordingly, the specification and figures are to be regarded 1n an
1llustrative rather than a restrictive sense, and all such modifications are intended to be

included within the scope of present teachings.

[0031] The benefits, advantages, solutions to problems, and any element(s) that may
cause any benefit, advantage, or solution to occur or become more pronounced are not
to be construed as a critical, required, or essential features or elements of any or all
the claims. The invention 1s defined solely by the appended claims including any
amendments made during the pendency of this application and all equivalents of those

claims as 1ssued.

[0032] Morcover in this document, relational terms such as first and second, top and
bottom, and the like may be used solely to distinguish one entity or action from
another entity or action without necessarily requiring or implying any actual such

relationship or order between such entities or actions. The terms "comprises,”

2% &6 B B 4

contains”, “‘containing’” or

2% ¢¢ 2% &6

"comprising," “has”’, “having,” “includes”, “including,
any other variation thereof, are mtended to cover a non-exclusive imnclusion, such that
a process, method, article, or apparatus that comprises, has, includes, contains a list of
clements does not include only those elements but may include other elements not
expressly listed or inherent to such process, method, article, or apparatus. An element
proceeded by “comprises ...a”, “has ...a”, “includes ...a”, “contains ...a” does not,

without more constraints, preclude the existence of additional 1dentical elements in

the process, method, article, or apparatus that comprises, has, includes, contains the
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clement. The terms “a” and “an” are defined as one or more unless explicitly stated
otherwise herein. The terms “substantially”, “essentially”, “approximately”, “about”
or any other version thercof, are defined as being close to as understood by one of
ordinary skill in the art, and 1n one non-limiting embodiment the term 1s defined to be
within 10%, in another embodiment within 5%, 1n another embodiment within 1%
and 1n another embodiment within 0.5%. The term “coupled” as used herein 1s
defined as connected, although not necessarily directly and not necessarily

mechanically. A device or structure that 1s “configured” 1n a certain way 18

configured 1n at least that way, but may also be configured in ways that are not listed.

[0033] It will be appreciated that some embodiments may be comprised of one or
more generic or specialized processors (or “processing devices’) such as
microprocessors, digital signal processors, customized processors and field
programmable gate arrays (FPGAS) and unique stored program instructions (including
both software and firmware) that control the one or more processors to implement, 1n
conjunction with certain non-processor circuits, some, most, or all of the functions of
the method and/or apparatus described heremn. Alternatively, some or all functions
could be implemented by a state machine that has no stored program instructions, or
in on¢ or more application specific integrated circuits (ASICs), in which each function
or some combinations of certain of the functions are implemented as custom logic.

Of course, a combination of the two approaches could be used.

[0034] Morcover, an embodiment can be implemented as a computer-readable storage
medium having computer readable code stored thereon for programming a computer
(e.g., comprising a processor) to perform a method as described and claimed herein.
Examples of such computer-readable storage mediums include, but are not limited to,
a hard disk, a CD-ROM, an optical storage device, a magnetic storage device, a ROM
(Read Only Memory), a PROM (Programmable Read Only Memory), an EPROM
(Erasable Programmable Read Only Memory), an EEPROM (Electrically Erasable
Programmable Read Only Memory) and a Flash memory. Further, 1t 1s expected that
one¢ of ordinary skill, notwithstanding possibly significant effort and many design

choices motivated by, for example, available time, current technology, and economic
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considerations, when guided by the concepts and principles disclosed herein will be
readily capable of generating such software instructions and programs and ICs with

minimal experimentation.

[0035] The Abstract of the Disclosure 18 provided to allow the reader to quickly
ascertain the nature of the technical disclosure. It 1s submitted with the understanding
that 1t will not be used to interpret or limit the scope or meaning of the claims. In
addition, in the foregoing Detailled Description, 1t can be seen that various features are
grouped together 1n various embodiments for the purpose of streamlining the
disclosure. This method of disclosure 1s not to be interpreted as reflecting an
intention that the claimed embodiments require more features than are expressly
recited 1n each claim. Rather, as the following claims reflect, inventive subject matter
lies 1n less than all features of a single disclosed embodiment. Thus the following
claims are hereby incorporated into the Detalled Description, with each claim

standing on 1ts own as a separately claimed subject matter.
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Claims

1. Aradio frequency 1dentification (RFID) reader comprising:

a plurality of antennas configured to operate 1n one of a first state and a second state opposite
the first state, the plurality of antennas including a first antenna having a first transmission pattern,
a second antenna having a second transmission pattern, a third antenna having a third transmission
pattern, a fourth antenna having a fourth transmission pattern, a fifth antenna having a fifth
transmission pattern, a sixth antenna having a sixth transmission pattern, a seventh antenna having

a seventh transmission pattern, and an eighth antenna having an eighth transmission pattern,

the plurality of antennas being arranged such that the first transmission pattern 1s
sandwiched between the second transmission pattern and the eighth transmission pattern, the
second transmission pattern 1s sandwiched between the first transmission pattern and the third
transmission pattern, the third transmission pattern 1s sandwiched between the second
transmission pattern and the fourth transmission pattern, the fourth transmission pattern 1s
sandwiched between the third transmission pattern and the fifth transmission pattern, the fifth
transmission pattern 1s sandwiched between the fourth transmission pattern and the sixth
transmission pattern, the sixth transmission pattern 1s sandwiched between the fifth transmission
pattern and the seventh transmission pattern, the seventh transmission pattern 1s sandwiched
between the sixth transmission pattern and the eighth transmission pattern, the eighth transmission
pattern 1s sandwiched between the first transmission pattern and the seventh transmission pattern,

and a total transmission pattern of the plurality of antennas extends over a 360-degree range; and

a processor configured to:

(a) control the first antenna to operate 1n the first state and a first session;

(b) subsequent to (a), control the first antenna to operate in the second state and a
second session;

(c) subsequent to (b), control the second antenna to operate 1n the first state and the
first session;

(d) subsequent to (¢), control the second antenna to operate 1n the second state and
the second session;

(e) subsequent to (d), control the third antenna to operate in the second state and the
first session;

(f) subsequent to (e), control the third antenna to operate 1n the first state and the
second session;

(g) subsequent to (f), control the fourth antenna to operate in the second state and

the first session;
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(h) subsequent to (g), control the fourth antenna to operate 1n the first state and the
second session;
(1) subsequent to (h), control the fifth antenna to operate in the first state and the
first session;
(1) subsequent to (1), control the fifth antenna to operate in the second state and the
second session;
(k) subsequent to (j), control the sixth antenna to operate 1n the first state and the
first session;
(1) subsequent to (k), control the sixth antenna to operate in the second state and the
second session;
(m)subsequent to (1), control the seventh antenna to operate in the second state and
the first session;
(n) subsequent to (m), control the seventh antenna to operate in the first state and
the second session;
(0) subsequent to (n), control the eighth antenna to operate in the second state and
the first session; and
(p) subsequent to (0), control the eighth antenna to operate 1n the first state and the
second session,
wherein during operation each of the plurality of antennas 1s configured to read an RFID tag
within arange of the antenna when a state of the RFID tag for the session in which the antenna 1s
configured to operate matches the state in which the antenna 1s configured to operate during the
session and to switch the state of the RFID tag to the opposite state for the session 1n which the

antenna 1s configured to operate.

2. The RFID reader of claim 1, wherein the processor1s further configured to
control each of the plurality 1f antennas to operate during a respective time
slot that 1s separate from the respective time slot of any other of the plurality

of antennas
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3. Aradio frequency i1dentification (RFID) reader comprising:

a plurality of antennas each configured to operate in one of a first state and a second state
opposite the first state, the plurality of antennas including, a first antenna having a first
transmission pattern, a second antenna having a second transmission pattern, a third antenna having
a third transmission pattern, a fourth antenna having a fourth transmission pattern, a fifth antenna
having a fifth transmission pattern, a sixth antenna having a sixth transmission pattern, a seventh
antenna having a seventh transmission pattern, and an eighth antenna having an eighth transmission
pattern,

the plurality of antennas being arranged such that the first transmission pattern 1s
sandwiched between the second transmission pattern and the eighth transmission pattern, the
second transmission pattern 1s sandwiched between the first transmission pattern and the third
transmission pattern, the third transmission pattern 1s sandwiched between the second transmission
pattern and the fourth transmission pattern, the fourth transmission pattern 1s sandwiched between
the third transmission pattern and the fifth transmission pattern, the fifth transmission pattern 1s
sandwiched between the fourth transmission pattern and the sixth transmission pattern, the sixth
transmission pattern 1s sandwiched between the fifth transmission pattern and the seventh
transmission pattern, the seventh transmission pattern 1s sandwiched between the sixth transmission
pattern and the eighth transmission pattern, the eighth transmission pattern 1s sandwiched between
the first transmission pattern and the seventh transmission pattern, and a total transmission pattern
of the plurality of antennas extends over a 360-degree range; and

a processor configured to:

(a) control the first antenna to operate 1n the first state and a first session;

(b) subsequent to (a), control the second antenna to operate 1n the first state and the
first session;

(c) subsequent to (b), control the third antenna to operate 1n the second state and a
first session;

(d) subsequent to (c¢), control the fourth antenna to operate 1n the second state and
the first session;

(e) subsequent to (d), control the fifth antenna to operate in the first state and the
first session;

(f) subsequent to (e), control the sixth antenna to operate in the first state and the
first session;

(g) subsequent to (f), control the seventh antenna to operate in the second state and
the first session;

(h) subsequent to (g), control the eighth antenna to operate in the second state and

the first session;
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(1) subsequent to (h), control the first antenna to operate in the second state and the
second session;
(1) subsequent to (a), control the second antenna to operate 1n the second state and
the second session;
(k) subsequent to (b), control the third antenna to operate 1n the first state and a
second session;
(I) subsequent to (c¢), control the fourth antenna to operate in the first state and the
second sess1on;
(m)subsequent to (d), control the fifth antenna to operate 1n the second state and the
second session;
(n) subsequent to (e), control the sixth antenna to operate in the second state and the
second session;
(0) subsequent to (f), control the seventh antenna to operate in the first state and the
second session;
(p) subsequent to (g), control the eighth antenna to operate in the first state and the
second sess10n,
wherein during operation each of the plurality of antennas 1s configured to read an RFID tag
within a range of the antenna when a state of the RFID tag for the session 1n which the antenna 1s
configured to operate matches the state in which the antenna 1s configured to operate during the
session and to switch the state of the RFID tag to the opposite state for the session in which the

antenna 1s configured to operate.

4. The RFID reader of claim 3, wherein the processor 1s further configured to control each of the
plurality 1f antennas to operate during a respective time slot that 1s separate from the respective

time slot of any other of the plurality of antennas.
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