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(57) Abstract: The present disclosure describes a system, methods and apparatus for determining location of an item within a
space. Each particular item is associated with a particular Radio Frequency Identification (RFID) item tag that uniquely identifies
the particular item. A plurality of fixed Radio Frequency Identification (RFID) readers are provided in the space, and each of the
fixed RFID readers is fixed at a particular known location within the space. Each of the fixed RFID readers can transmit an inter -
rogation signal. Upon receiving a first interrogation signal from one of the fixed RFID readers, a first RFID item tag transmits a
response signal. The first fixed RFID reader receives the response signal transmitted by the first RFID item tag, and can therefore
determine that the first RFID item tag is located within a read range of the first fixed RFID reader.
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SYSTEM FOR DETERMINING ITEM LOCATION BASED ON FEEDBACK
FROM FIXED RADIO FREQUENCY IDENTIFICATION (RFID) READERS
AND/OR FIXED RFID BEACON TAGS

TECHNICAL FIELD
[0001] Embodiments of the subject matter described herein relate generally to
radio-frequency identification (RFID). More particularly, embodiments of the subject

matter relate to RFID systems, methods, and readers.

BACKGROUND

[0002] Radio frequency identification (RFID) systems have achieved wide
popularity in a number of applications, as they provide a cost-effective way to track
the location of a large number of items in real time. Most RFID systems includes two
primary components: an RFID reader (also known as an interrogator or RFID reader
device); and one or more RFID tags (also known as RFID transponders). The RFID
reader generates or emits a radio-frequency (RF) interrogation signal (sometimes also
called a polling signal). The RFID tag is a miniature device that is capable of
responding to the RF interrogation signal by generating an RF response signal that is
transmitted back to the RFID reader over an RF channel. The RF response signal is
modulated in a manner that conveys identification data (i.c., a tag identifier (ID)) for
the responding RFID tag back to the RFID reader. In large-scale applications, such as
warchouses, retail spaces, and the like, many types of RFID tags may exist in the
environment (or “site”). Likewise, multiple types of readers, such as RFID readers,
active tag readers, 802.11 tag readers, Zigbee tag readers, etc., are typically used
throughout the space, and may be linked by network controller or wireless switches
and the like.

[0003] RFID systems are used in a number of different applications such as object
tracking, security, inventory control/tracking in retail stores, warchouses, shipping

centers, etc. For instance, in one inventory tracking application, some retails stores
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have begun wusing the RFID technology to track the location of
items/inventory/articles/merchandise present in the store. In such applications, each
item has an RFID tag attached to it so that the sales staff does not need scan every
item to check inventory, but rather can check items on a shelf using an RFID reader
and/or receive an item inventory report. This generally saves times, but still involves

human intervention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] A more complete understanding of the subject matter may be derived by
referring to the detailed description and claims when considered in conjunction with
the following figures, wherein like reference numbers refer to similar elements
throughout the figures.
[0005] FIGS. 1A through 1D illustrate a Radio Frequency Identification (RFID)
system in accordance with some embodiments of the present disclosure;
[0006] FIG. 2 illustrates a block diagram of an RFID reader and a nearby RFID
tag that can be used in accordance with some embodiments of the present disclosure;
[0007] FIG. 3 illustrates a block diagram for a monitoring server included in the
system of FIG. 1D in accordance with some embodiments of the present disclosure;
[0008] FIG. 4A illustrates a flowchart of a method for generating a coverage map
that displays locations of fixed RFID beacon tags, fixed RFID readers and read ranges
or coverage areas for the fixed RFID readers based on feedback from the fixed RFID
beacon tags in accordance with some embodiments of the present disclosure;
[0009] FIG. 4B illustrates a portion of a space or environment in which five
RFID beacon tags have been placed;
[0010] FIG. 4C illustrates the portion of the space or environment that includes
locations of RFID beacon tags and the particular RFID reader;
[0011] FIG. 4D illustrates a flowchart of a method for defining read range for
RFID readers based on feedback from RFID beacon tags present within a particular
space or environment in accordance with some embodiments of the present

disclosure;
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[0012] FIG. 4E illustrates the portion of the space or environment and response
signals transmitted from some of the RFID beacon tags in response to an interrogation
signal transmitted from the particular RFID reader at a particular transmit power;
[0013] FIG. 4F illustrates the portion of the space or environment and a read
range or coverage area of the particular RFID reader at the particular transmit power;
[0014] FIG. 4G illustrates a method for verifying RFID reader coverage of a
space in accordance with some embodiments of the present disclosure;
[0015] FIG. 5A illustrates a flowchart of a method for determining relative item
location (RIL) based on feedback from RFID beacon tags in accordance with some
other embodiments of the present disclosure;
[0016] FIG. 5B illustrates the portion of the space or environment and locations of
RFID beacon tags, the particular RFID reader and the relative coverage area locations
of RFID item tags and in accordance with some embodiments of the present
disclosure;
[0017] FIG. 6A illustrates the portion of the space or environment and various
read ranges of a particular RFID reader in accordance with some other embodiments
of the present disclosure;
[0018] FIG. 6B illustrates the portion of the space or environment illustrated in
FIG. 6A with RFID item tags A, B, C, D, E located within various read ranges of the
particular RFID reader in accordance with some other embodiments of the present
disclosure;
[0019] FIG. 7 illustrates an RFID system in accordance with some other
embodiments of the present disclosure; and
[0020] FIG. 8 is a flowchart illustrating a method for displaying information
corresponding to an area being covered by an RFID interrogation signal transmitted

from a nomadic RFID reader.
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DETAILED DESCRIPTION

[0021] The following detailed description is merely illustrative in nature and is
not intended to limit the embodiments of the invention or the application and uses of
such embodiments. Furthermore, there is no intention to be bound by any expressed
or implied theory presented in the preceding technical field, background, or the
following detailed description.

[0022] Some embodiments of the present disclosure relate generally to displaying
Radio Frequency Identification (RFID) read range of an RFID reader based on
feedback from RFID beacon tags, and determining item location based on feedback
from RFID readers and/or RFID beacon tags, and to determine coverage based on
feedback from RFID beacon tags. The many alternative embodiments of the
invention may be described herein in terms of functional and/or logical block
components and various processing steps. It should be appreciated that such block
components may be realized by any number of hardware, software, and/or firmware
components configured to perform the specified functions. For example, an
embodiment of the invention may employ various integrated circuit components, ¢.g.,
memory elements, digital signal processing elements, logic elements, look-up tables,
or the like, which may carry out a variety of functions under the control of one or
more microprocessors or other control devices. In addition, those skilled in the art
will appreciate that embodiments of the present invention may be practiced in
conjunction with any number of data transmission protocols and that the system
described herein is merely one example embodiment of the invention.

[0023] For the sake of brevity, conventional techniques related to radio-frequency
identification (RFID) data transmission, RFID system architectures, computing device
architectures, and other functional aspects of the systems (and the individual operating
components of the systems) may not be described in detail herein. Furthermore, the
connecting lines shown in the various figures contained herein are intended to
represent example functional relationships between the various elements. It should be
noted that many alternative or additional functional relationships or physical

connections may be present in a practical embodiment.
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[0024] The following description may refer to elements or nodes or features being
“connected” or “coupled” together. As used herein, unless expressly stated otherwise,
“connected” means that one element/node/feature/device is directly communicates
with another e¢lement/node/feature/device.  Likewise, unless expressly stated
otherwise, “coupled” means that one element/node/feature/device directly or
indirectly communicates with another element/node/feature/device. For example,
although the schematic shown in FIG. 2, described below, depicts one example
arrangement of an RFID reader, additional intervening elements, devices, features, or
components may be present in an embodiment of the invention.
[0025] Overview
[0026] Because RFID tags respond via radio-frequency transmissions, an operator
of a RFID reader knows which tag transmitted a particular response signal, but can
not determine the position of the RFID tag that generated that response signal (e.g.,
how far from the RFID reader the RFID tag is, or in which direction from the RFID
reader the response signal emanates). Accordingly, it can be difficult to determine
position and distance properties of RFID tags.
[0027] Each RFID reader has a limited read range that defines a coverage space
(areca) of that RFID reader. When polling or “interrogating” RFID tags, such as those
attached to items, an RFID reader does not provide its operator with feedback
regarding the “read range” covered by the RFID reader or which RFID tags are being
interrogated. This can be a problem, for example, when an operator is interested in
reading RFID item tags of items on one shelf, but the RFID reader is actually also
receiving response signals from another RFID item tag located on another shelf. It
goes without saying that operator satisfaction would be greatly improved by providing
the operator with accurate feedback about read range of a particular RFID reader, the
relative location of particular items attached to particular RFID item tags, etc. This
feedback makes using such RFID readers more intuitive for the operator.
[0028] Accordingly, it is desirable to provide improved methods and systems for
displaying read range of a Radio Frequency Identification (RFID) reader. It is also
desirable to provide improved RFID systems and methods for determining location(s)

of item(s) within a space. It is also desirable to provide improved RFID systems and
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methods for verifying RFID reader coverage within a space or a portion of the space.
It would also be desirable if such RFID systems are casy to deploy, maintain and
operate.

[0029] According to one embodiment, a method is provided for displaying read
range of a Radio Frequency Identification (RFID) reader based on feedback from
fixed RFID beacon tags. In accordance with one exemplary embodiment of this
method, the RFID reader transmits a first interrogation signal within a space that
includes a plurality of fixed RFID beacon tags at known locations, and receives
response signals from a first group of the fixed RFID beacon tags. Based on known
locations of the first group of fixed RFID beacon tags, a read range of the RFID
reader can be determined. The read range is defined by the first group of the fixed
RFID beacon tags. The read range of the RFID reader can then be displayed on a
display of the RFID reader along with other information about the fixed RFID beacon
tags and/or RFID item tags that are within the read range of the RFID reader.

[0030] In accordance with another embodiment of the present disclosure, an RFID
system and method are provided for determining location of an item within a space.
Each particular item is associated with a particular RFID item tag that uniquely
identifies the particular item. A plurality of fixed Radio Frequency Identification
(RFID) readers are provided in the space, and each of the fixed RFID readers is fixed
at a particular known location within the space. Each of the fixed RFID readers can
transmit an interrogation signal. Upon receiving a first interrogation signal from one
of the fixed RFID readers (referred to below as a “first fixed RFID reader”), a first
RFID item tag transmits a response signal. The first fixed RFID reader receives the
response signal transmitted by the first RFID item tag, and can therefore determine
that the first RFID item tag (and hence the item it is attached to) is located within a
read range of the first fixed RFID reader. This “read range” is a first RF coverage
arca of the first fixed RFID reader within the space. In addition, any other RFID tags
that receive the first interrogation signal (or one of the interrogation signals
transmitted by another fixed RFID reader can also transmit a response signal, and any
fixed RFID readers that receive a response signal can determine that the RFID tag that

transmitted it is within its coverage arca or “read range."  Using this system, an
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operator can also conduct a search for specific items of merchandise in the retail store.
The operator can issue a command to look for a particular item, and the RFID readers
can poll their vicinity to determine whether the item is found within its coverage areca
or read range. The RFID readers can be used to easily locate items on the sales floor.

[0031] In accordance with another embodiment of the present disclosure, a
method is provided for verifying RFID reader coverage of a space. A plurality of
fixed RFID readers are placed at known locations within the space and a plurality of
fixed RFID beacon tags are placed within the space. The fixed RFID readers each
transmit interrogation signals, and in response thereto, at least some of the fixed RFID
beacon tags transmit response signals upon receiving one of the interrogation signals.
The RFID beacon tags can also be used to verify coverage of the distributed RFID
readers for the entire space or environment since at least one of the RFID readers
should be within communication range of each of the fixed RFID beacon tags. If there
are any RFID beacon tags not read by the RFID readers, then coverage is incomplete
or inadequate. At least some of the fixed RFID readers can then receive response
signals from at least some of the fixed RFID beacon tags, can extract identification
information from the response signals, and can communicate the identification
information to a monitoring server. The monitoring server can then verify that the
fixed RFID readers provide full coverage of the space by determining whether
identification information for all of the fixed RFID beacon tags was received by at
least one of the fixed RFID readers. The monitoring server determines that the fixed
RFID readers provide full coverage of the space when all of the fixed RFID beacon
tags that are deployed within the space are confirmed to have transmitted a response
signal that was received by at least one of the fixed RFID readers. By contrast, the
monitoring server determines that the fixed RFID readers do not provide full coverage
of the space when it is confirmed that one or more of the fixed RFID beacon tags did
not transmit a response signal that was received by at least one of the fixed RFID
readers. Additional RFID readers can be added to the area(s) where the unread RFID
beacon tag(s) is/are located. Retailers can easily set up and ensure full coverage of
their system, without requiring site surveys. Another important feature of the system

is that it is easily reconfigurable since the RFID readers are completely wireless since
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they operate via battery power and communicate wirelessly. The RFID readers can be
moved at any time to any location since the system is completely wireless and there
are no cables. As such, the need for professional installation can be eliminated. The
approximate location of the fixed RFID readers is “known” based on locations of
particular ones of the fixed RFID beacon tags that they have received response signals
from. The fixed RFID beacon tags help in self-locating of the RFID readers when the
RFID readers are relocated to a new position so the user does not need to keep track
of the reader locations, as long as he has a map of the fixed beacon tags.

[0032] In accordance with another embodiment of the present disclosure, an RFID
system and method are provided for determining item location within a space based
on feedback from a fixed Radio Frequency Identification (RFID) reader and fixed
RFID beacon tags. A first interrogation signal is transmitted from a first fixed RFID
reader at a first transmit power. The first fixed RFID reader is fixed at a first known
location/position/coordinates within the space. Upon receiving the first interrogation
signal, RFID tags that are within transmission range of the first fixed RFID reader and
have received the first interrogation signal can transmit response signals. These RFID
tags can include fixed RFID beacon tags and RFID item tags. Each of the RFID item
tags can be attached to an item (e.g., article of merchandise or inventory). Each
response signal uniquely identifies the transmitting RFID tag. In one implementation
that will be described below, these RFID tags can include a first set of fixed RFID
beacon tags and a first set of RFID item tags, and each of the first set of fixed RFID
beacon tags and the first set of RFID item tags can transmit a response signal in
response to receiving the first interrogation signal. In one implementation, the first
set of RFID item tags comprises at least a first RFID item tag. A first coverage arca
of the first fixed RFID reader can then be defined based on the first known location of
the first fixed RFID reader and the first set of fixed RFID beacon tags, and it can be
determined that the first set of RFID item tags are located within the first coverage
arca of the first fixed RFID reader. The first coverage area of the first fixed RFID
reader can be defined, for example, by either the first fixed RFID reader or another
entity such as monitoring server. Each of the fixed RFID beacon tags can be fixed (at

known locations/positions/coordinates that are known to the fixed RFID readers
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and/or monitoring server), and the first coverage area of the first fixed RFID reader
can be defined based on the first known location of the first fixed RFID reader and the
other known locations of the first set of fixed RFID beacon tags.
[0033] Although fixed RFID readers can be used to determine the relative
position of particular RFID item tags that are within its read range there is no easy
way to determine (and/or display) the read range of the RFID readers. Instead, a
system must estimate that an RFID reader has a read range X and that if an RFID item
tag responds to an interrogation signal, then that item must be located within a
distance X (equal to the read range) of that particular RFID reader. While that is a
good approach, it would be desirable to enhance accuracy or precision of the item
location determination. Feedback information from the RFID beacon tags can allow
the system to determine and/or display the general position/location of a particular
RFID item tag. In still other embodiments of the present disclosure, the first fixed
RFID reader (and any other fixed RFID reader) can adjust it “coverage area” or “read
range” by transmitting other interrogation signals at a higher and/or lower transmit
powers.
[0034] For example, to decrease its coverage area or read range, the first fixed
RFID reader can transmit a “second” interrogation signal that has a lower transmit
power than the first transmit power of the first interrogation signal. In response to the
second interrogation signal, a second set of fixed RFID beacon tags and/or a second
set of RFID item tags can transmit response signals upon receiving the second
interrogation signal. In some deployment scenarios, the second set of fixed RFID
beacon tags will include at least some of the first set of fixed RFID beacon tags, and
the second set of RFID item tags will include at least some of the first set of RFID
item tags. Based on the first known location of the first fixed RFID reader and the
second set of fixed RFID beacon tags, a second coverage area of the first fixed RFID
reader can be defined (by either the first fixed RFID reader or another entity such as
monitoring server), and it can be determined that the second set of RFID item tags are
also located within the second coverage area of the first fixed RFID reader.
[0035] By contrast, to increase its coverage arca or read range, the first fixed

RFID reader can transmit a “third” interrogation signal that has a higher transmit
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power than the first transmit power of the first interrogation signal. In this case, a
third set of fixed RFID beacon tags and/or a third set of RFID item tags can transmit
response signals upon receiving the third interrogation signal, and the third set of
fixed RFID beacon tags will include all of the first set of fixed RFID beacon tags
possibly along with additional fixed RFID beacon tags that are within range of the
third interrogation signal, and the third set of RFID item tags will includes all of the
first set of RFID item tags possibly along with additional RFID item tags that are
within range of the third interrogation signal. This way, a third coverage area of the
first fixed RFID reader can be defined (by either the first fixed RFID reader or
another entity such as monitoring server) based on the first known location of the first
fixed RFID reader and the third set of fixed RFID beacon tags, and it can be
determined that the third set of RFID item tags are located within the third coverage
arca of the first fixed RFID reader. As above, in some implementations, the third set
of fixed RFID beacon tags can be fixed at known locations, and the third coverage
arca can be defined based on the first known location of the first fixed RFID reader
and the known locations of the third set of fixed RFID beacon tags.

[0036] As will be appreciated, any number of other fixed RFID readers can be
placed at other known locations within the space and can perform the same methods
to determine their read ranges or coverage arcas. For instance, a second fixed RFID
reader can be provided at a second known location within the space, and can transmit
an interrogation signal, and another set of fixed RFID beacon tags and/or another set
of RFID item tags can transmit response signals upon receiving this interrogation
signal. As above, a coverage arca of the second fixed RFID reader can be defined
based on the second known location of the second fixed RFID reader and the other set
of fixed RFID beacon tags, and it can be determined that this other set of RFID item
tags are located within the coverage area of the second fixed RFID reader.

[0037] With proper deployment of fixed RFID readers throughout the space, the
RFID readers can be distributed to collectively cover the entire space or environment.
Full RFID reader coverage throughout the space can be ensured and verified using the
coverage verification methods described above. In one implementation, to enable

casy deployment of such RFID systems, each of the fixed RFID readers are battery-



WO 2010/093591 PCT/US2010/023539

11

powered by a battery, and each of the batteries is rechargeable via ambient lighting.
Moreover, the RFID readers communicate with RFID tags via RFID interrogation
signals and with infrastructure (e.g., backend servers) via WLAN communication
signals, for example, thereby eliminating the need for any wired connections.

[0038] According to one exemplary implementation, embodiments described
above can be implemented in a retail store. Fixed RFID readers can be distributed
throughout the retail store and can aid in locating merchandise on the retail floor.
Knowing which RFID reader is able to read the particular RFID item tag provides
information about the general location of the particular RFID item tag. This system
can also allow for a map to be created that displays the whereabouts of all the RFID
tagged items with reasonable accuracy (e.g., within the read range of a specific RFID
reader). In some implementations, RFID beacon tags can be distributed throughout
the retail space or environment, and knowing the locations of these RFID beacon tags
helps identify the location of particular RFID item tags that are nearby with greater
precision. This knowledge can be used to create a map of items and their relative
locations in the retail store. The approximate location of the RFID readers can also be
obtained by knowing which RFID beacon tags respond to its interrogation signal.
Among other things, this allows an organization to take inventory fully automatically
without human intervention. There may be tags that cannot be read, either due to
their orientation or due to close proximity between tags. To minimize this problem
several polls can be done in a given time period so that RFID tags that were
unreadable during one polling, will be readable another time. Furthermore, data from
several polls can be combined to create a good estimate of the actual inventory. In
some implementations, poll data can be combined with expected inventory
information on the floor, as well as with sold item records from the checkout register
to provide a highly accurate picture of the state and location of the retail store
inventory, even if each individual poll is less than 100% accurate. If RFID item tags
respond to more than one RFID readers’ interrogation signal, that information can be
used to further help in identifying the location of those items. For instance, if an RFID
tag responds to two adjacent readers, then it is most likely located in the area where

the coverage areas of the two reader overlap.
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[0039] Other desirable features and characteristics of the present invention will
become apparent from the subsequent detailed description and the appended claims,
taken in conjunction with the accompanying drawings. Prior to describing some
embodiments with reference to FIGS. 4A-8, an example of an RFID system in which
these embodiments can be applied will now be described with reference to FIGS. 1A-
1D, an example of an RFID reader and nearby RFID tag will then be described with
reference to FIG. 2, and an example of a monitoring server will then be described
with reference to FIG. 3.

[0040] Exemplary RFID System

[0041] FIGS. 1A-1D illustrate an RFID system 100 in accordance with some

embodiments of the present disclosure.

[0042] As illustrated in FIG. 1A, the RFID system 101 includes a monitoring
server 106, a space or environment 110, infrastructure devices 120 coupled to the
monitoring server 106 via a wired or wireless communication link. In one
implementation, the infrastructure devices 120 can be implemented via one or more
access points or access ports 122 that are coupled to a wireless switch device 124.
The infrastructure devices 120 are optional since they are not used in some
implementations. For example, the infrastructure devices 120 are not used in
implementations where the fixed RFID readers 104 are directly connected to the
monitoring server 106 via wired connections. In addition, in other implementations,
the functionality of the monitoring server 106 that is described below can be
implemented at one of the fixed RFID readers 104, and the fixed RFID readers can
form an ad hoc network in which the fixed RFID readers communicate directly with
cach other over wireless communication links.

[0043] The space or environment 110 can be located within a building or other
site (alternatively referred to as an “environment”). Note that while a single two-
dimensional space or environment 110 is illustrated in FIG. 1, the invention is not so
limited. That is, environment 110 may be any two-dimensional or three-dimensional
space within or without a building and other structure. Example environments
include, for example, single-story buildings, multi-story buildings, school campuses,

commercial buildings, retail spaces, warchouses, and the like structures.
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[0044] As illustrated in FIG. 1B, fixed RFID beacon tags 101 can be placed or
distributed at fixed locations/positions/coordinates within the space or environment
110. Fixed RFID beacon tags 101 may be positioned throughout environment 110.
The fixed RFID beacon tags 101 can be positioned or distributed with a density and
number that is appropriate given the power of the RFID tags as well as structural
details (e.g., internal architecture) of environment 110. The fixed RFID beacon tags
101 may be distributed evenly throughout the site (e.g., in a grid), or may be
randomly distributed or may be distributed as a function of item density in particular
locations of the space or environment 101. In the illustrated embodiment, for
example, multiple beacon tags 101 are distributed to ensure the environment is
mapped with sufficient precision/granularity to allow for RFID item tags 102 to be
located, but any number of beacon tags 101 can be used depending upon the size,
layout and other factors that characterize the environment 110 with sufficient
precision/granularity to allow for RFID item tags 102 to be located.

[0045] Each fixed RFID beacon tag 101 stores data that can be read by RFID
reader 104 including identification information (e.g., a tag ID) and optionally location
information (e.g., coordinates of the RFID tag that identify its position within the
environment 110, etc.) in some implementations. The particular known position can
be determined by technologies and methods such as GPS location determination,
dead-reckoning, manual input or any other technique, and specified using a Cartesian
or other coordinate systems. This allows a map of the environment 110 to be
established and stored at the RFID readers 104 and the monitoring server 106.

[0046] As illustrated in FIG. 1C, in some implementations, fixed RFID readers
104 can be placed or distributed at fixed locations/positions/coordinates within the
space or environment 110. The fixed RFID readers 104-1 to 104-M can be any
known type of RFID reader device. One exemplary implementation of an RFID
reader is disclosed, for example, in United States Patent Application Serial Number
12/220335, attorney docket number SBLO8132, entitled “Radio Frequency
Identification Reader With Illuminated Field of View” filed July 23, 2008 and
assigned to the assignee of the present invention, its contents being incorporated by

reference in its entirety herein. In accordance with one embodiment of the present
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disclosure, the fixed RFID readers 104 can be distributed throughout the space or
environment 110 such that they can scan and interrogate the RFID tags present
therein. The fixed RFID readers 104 can interrogate any nearby RFID tags 101, 102,
receive response signals from the RFID tags, which include relevant tag data
including identification information for each RFID tag, and can wirelessly send the
relevant tag data via wireless communication links 108-1 to 108-M to one or more
wireless access ports (APs) 122 and/or a switching device 124 that can be located
remotely from RFID readers 104 and coupled to the monitoring server 106. It is to be
appreciated that other RFID readers (not illustrated) can be used in the system 100,
for example by employees, and these RFID readers are nomadic or can be moved
around the environment 110, in which case the monitoring server 106 can not rely on
their location as being fixed. The fixed RFID readers 104 can communicate
wirelessly with both the RFID tags and the AP(s) 122.

[0047] As illustrated in FIG. 1D, RFID item tags 102 can be placed or distributed
within the space or environment 110 such that the space or environment 110 includes
fixed RFID beacon tags 101, RFID item tags 102 and fixed RFID readers 104. In one
embodiment, the system 100 can be employed in a retail store having a large
inventory of items that are marked with RFID item tags 102-1 to 102-N that are
attached to items present in the retail store. The RFID item tags 102 are not at fixed
locations/positions/coordinates and can be moved around to be taken out of the space
or environment 110. In other words, the RFID beacon tags 101 are distinguishable
from other RFID item tags 102 in that they are fixed at a particular known position
(i.e., location or set of coordinates) within the environment 110. The RFID item tags
102 attached to the store-items can include information pertaining to details regarding
the respective store-item. For example, item type, price, size, quality, and the like. In
one embodiment of the system 100, it is possible to track the store-items by directing
the RFID readers 104 to scan the RFID item tags 102. The RFID readers 104 scan and
interrogate all the RFID item tags 102 and collect information associated with each of
the RFID item tags 102. The RFID readers 104 can provide the collected information

to the monitoring server 106.
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[0048] The system 100 is fully flexible and easily reconfigurable. In some
implementations, the RFID item tags 102, the RFID readers 104, and the monitoring
server 106 communicate with each other completely wirelessly (i.e., do not utilize
wired connections) further enhancing “reconfigurability.”

[0049] The entities in FIG. 1D will now be described in more detail.

[0050] Each of the RFID tags 101, 102 includes an integrated circuit for storing
and processing information, modulating and demodulating RF signals, and other
functions, and includes an antenna for receiving and transmitting RF signals.
Examples of RFID tags include, but are not limited to, active tags, passive tags, semi-
active tags, WiFi tags, 801.11 tags, and the like RFID tags. Note that the term
“RFID” is not meant to limit the invention to any particular type of tag. That is, the
term “tag” refers, in general, to any RF element that can be communicated with and
has an ID (or “ID signal”) that can be read by another component. In general, RFID
tags may be classified as either an active tag, a passive tag, a semi-active tag or a
semi-passive tag. Active tags are devices that incorporate some form of power source
(e.g., batteries, capacitors, or the like) and are typically always “on,” while passive
tags are tags that are exclusively energized via an RF energy source received from a
nearby antenna. Semi-active tags are tags with their own power source, but which are
in a standby or inactive mode until they receive a signal from an external RFID
reader, whereupon they “wake up” and operate for a time just as though they were
active tags. A semi-passive tag is a tag with a battery source that is used to extend the
range beyond that of a passive tag, but still user passive backscatter to communicate
with the reader. While active tags are more powerful, and exhibit a greater range than
passive tags, they also have a shorter lifetime and are more expensive. Such tags are
well known in the art, and need not be described in detail herein. For example, one
implementation of the RFID item tags is disclosed, for example, in United States
Patent Application Serial Number 12/185867, attorney docket number SBL08079,
entitled “Method of Configuring RFID Reader” filed August 5, 2008 and assigned to
the assignee of the present invention, its contents being incorporated by reference in

its entirety herein.
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[0051] Wireless access ports (alternatively referred to as “APs”) are configured to
wirelessly communicate with RFID readers 104. Access ports 122 typically
communicate with the switching device 124 via appropriate wired communication
lines (e.g., conventional Ethernet lines, or the like). A particular AP may
communicate with multiple RFID readers 104 (e.g., when multiple RFID readers 104
are located within environment 110). One or more APs may be coupled to a single
switching device 124 that can be located internal to or external to environment 110.
[0052] The switching device 124 (alternatively referred to as an “RF switch,”
“wireless switch,” or simply “switch”) may be coupled to a network (e.g., a WiFi
network coupled to one or more other networks or devices) and communicate with
one or more software applications (not shown). The switching device 124 includes
hardware, software, and/or firmware capable of carrying out a variety of functions and
may comprise on¢ or more processors accompanied by storage units, displays,
input/output devices, an operating system, database management software,
networking software, and the like. In one embodiment, the switching device 124 is
modeled on a network switch architecture but includes RF network controller
software (or “module”) whose capabilities include, among other things, the ability to
allow it to configure and monitor RFID readers 104 and their antenna(s). The
switching device 124 determines the destination of the packets it receives and routes
those packets to the appropriate AP. Such systems are well-known in the art, and
need not be described in detail. Switching device 124 may be configured as a general
purpose computer, a network switch, or any other such network host. Thus, each AP
acts primarily as a conduit, sending/receiving RF transmissions via one or more
switching device 124, and sending/receiving packets via a network protocol with
switching device. In addition, although not illustrated, the system 100 can also
include any number of additional and/or intervening switches, routers, servers and
other network components.

[0053] In accordance with some of the disclosed embodiments, techniques are
provided for locating of RFID item tags 102. The identification and location
information for each RFID beacon tag 101 and the RFID readers 104 can be stored at
the RFID readers 104 and at the monitoring server 106 and used to build a map of the
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environment 101 that defines map locations of RFID beacon tags 101 and the RFID
readers 104. The information for each RFID beacon tag 104 can also be stored at the
RFID reader 104 and/or at the monitoring server 106 so that it can be used to assist in
locating items that have RFID item tags 102 attached thereto. During operation, each
beacon tag 101 that is within range (e.g., about 0 meters to about 10 meters) of a
particular RFID reader 104 can be read by that RFID reader 104. As will be
described below, the range varies depending on the implementation and factors such
as the particular RFID reader and the particular RFID tag technology being
implemented. The data transmitted from each RFID beacon tag 101 is read by RFID
reader 104 and can eventually be transmitted to the monitoring server 106 via an AP
122 and/or wireless switch 124. In other implementations, when the infrastructure
devices 122, 124 are not employed, the RFID readers 104 can be connected to the
monitoring server 106 via wired connections and communicate information directly to
the monitoring server 106. The data transmitted from RFID beacon tags 101 can then
be processed and used to determine the approximate location of other RFID item tags
102 that are also located in the vicinity.
[0054] In general, these techniques involve processing response signals received
from RFID item tags 102, and then determining the location of the RFID item tags
102 with respect to known map locations of the fixed RFID beacon tags 101 and the
fixed readers 104. The identification data for each RFID tag 102 can be stored at the
RFID readers 104 and at the monitoring server 106 prior to beginning the locationing
process. This information can be used to reconcile the location of RFID item tags 102
on the map of the environment 101, and may also be used at other readers to produce
a graphical representation identifying the position of an RFID tag 102 within
environment 110.
[0055] The monitoring server 106 compares the information with a record of the
store-items maintained by the monitoring server 106. By comparison, the monitoring
server 106 can determine whether all the store-items are present in the store and
whether the store-items are placed in their correct locations.
[0056] The fixed RFID beacon tags 101 can also be used to provide information

on coverage of the RFID readers 104. For instance, when a particular RFID reader
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transmits an interrogation signal and receives response signals from a particular group
of RFID beacons tags, the RFID reader knows its general coverage arca based on the
known positions of the responding RFID beacon tags. For example, if at least one
RIFD reader cannot scan a RFID beacon tag placed, then more RFID readers can be
placed in that location to provide adequate coverage.

[0057] Exemplary RFID Reader

[0058] FIG. 2 illustrates a block diagram of an RFID reader 204 and nearby RFID

tag 225 that can be used in accordance with some embodiments of the present
disclosure. The RFID reader 204 can be implemented with an-off-the-shelf RFID
reader 204, or other computer or computing device that runs one or more suitably
configured software applications. In the following description of FIG. 2, the RFID
reader 204 is configured to communicate with an exemplary RFID tag 225.

[0059] The functionality of the RFID reader 204 is explained with respect to
various modules depicted in the block diagram. It is to be understood that the various
modules are shown to facilitate better understanding of the RFID reader 204, and that
the modules included in the RFID reader 204 are not meant to be a limitation on
embodiments of the present disclosure. Depending on the implementation, the RFID
reader 204 may be a fixed device or a handheld portable device. For instance, in
embodiments described above with respect to FIG. 1D above, the RFID readers 104
are fixed, whereas in other embodiments (e.g., FIG. 7) the RFID reader is nomadic
and can move about the space or environment 110. The following description of the
RFID reader 204 has been explained with reference to components shown in FIG. 2.
The RFID reader 204 is depicted in a simplified manner, and a practical embodiment
can include many additional features and components.

[0060] Modules included in one implementation of the RFID reader 204 can
generally include a wired network interface 209 (e.g., Ethernet interface), a WLAN
communication unit or module 211 that can include one or more WLAN antennas
210, a housing 212, a display element 213 that is visible from the outside of the
housing 212, input devices 214 that are accessible from the outside of the housing
212, an RFID electronics module 215 contained within the housing 212, an RFID

antenna 216 (which can be, but is not necessarily, contained within the housing 212)
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and a power module 221 (e.g., a AC power source or a DC power source such as a
rechargeable battery). The WLAN communication unit or module 211 and WLAN
antennas 210 do not need to be included in all implementations (e.g., where the reader
204 is directly linked to the monitoring server 106 via a wired Ethernet connection
over network interface 209). The WLAN communication unit or module 211 and
WLAN antennas 210 can be, but are not necessarily contained within the housing
212. The input devices 214 can include a keypad, a touch panel, a keyboard attached
to a PC communicating with the RFID reader 204 or other input/output elements such
as imaging devices (e.g. cameras including a digital camera, a video camera, etc.) that
can be used to take a real time image (e.g., video image or picture) of an area covered
by the imaging device of the RFID reader.
[0061] The display 213 and input device 214 function as input/output elements for
the operator of the RFID reader 204. As will be described below, various software
and hardware produce an image or graphical user interface (GUI) on the display 213
indicative of the position of the RIFD reader or readers, the RFID beacon tags 101,
and RFID item tags 102 with respect to the RFID reader 104 or readers within
environment 110. In various embodiments that will be described below, a coverage
map (hereinafter also referred to as a map) can be displayed as a GUI on the display
213 (e.g., screen) of a RFID reader. The coverage map that is displayed on the
display 213 of the RFID reader can display the entire space or environment 100 or
any portion of the entire space or environment 100. In each of the embodiments
described below, the coverage map can indicate read range information for one or
more of the RFID readers that appear on the coverage map.
[0062] The display 213 and input device 214 can be coupled to the RFID
electronics module 215 as necessary to support input/output functions in a
conventional manner.
[0063] The RFID electronics module 215 represents the hardware components,
logical components, and software functionality of the RFID reader 204. In practical
embodiments, the RFID electronics module 215 can be physically realized as an
integrated component, board, card, or package mounted within the housing 212. As

depicted in FIG. 2, the electronics module 215 can be coupled to one or more RFID
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antennas 216, for example, via RF cables and RF connector assemblies. In one
embodiment, multiple RFID antennas 216 are included. These RFID antennas 216
can include dual-polarized RFID antenna and circularly polarized RFID antenna. The
RFID reader 204 can switch between the antennas to create different radiation
patterns.

[0064] The RFID electronics module 215 may generally include a number of sub-
modules, features, and components configured to support the functions described
herein. For example, the electronics module 215 may include an RFID reader
communication sub-module 217, a general purpose sub-module 218, at least one
processor 219, memory 220, an RFID power controller sub-module 222 and a location
determination and map generation sub-module 223.  In a practical embodiment, the
various sub-modules and functions need not be distinct physical or distinct functional
clements. In other words, these (and other) functional modules of the RFID reader
204 may be realized as combined processing logic, a single application program, or
the like.

[0065] The RFID electronics sub-module 215 also includes an RFID
communication sub-module 217 designed to support RFID functions of the RFID
reader 204 and to communicate with the RFID tags via RFID antenna(s) 216. The
RFID communication module 217 can include an RFID reader transceiver that
includes a transmitter and a receiver with conventional circuitry to enable digital or
analog transmissions over a wireless communication channel. The transceiver
enables the RFID reader 204 to communicate with the RFID beacon tags 101, 102 via
antenna(s) 216.

[0066] For example, the RFID reader transceiver generates RFID interrogation
signals and receives reflected RFID response signals generated by RFID tags in
response to the interrogation signals. In the example embodiment described herein,
the RFID communication sub-module 217 is designed to operate in the UHF
frequency band designated for RFID systems. Alternate embodiments may instead
utilize the High Frequency band or the Low Frequency band designated for RFID
systems. The operation of RFID readers and RFID transceivers are generally known

and, therefore, will not be described in detail herein. Notably, in this example
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embodiment, the RFID communication sub-module 217 is operable at various
transmit power levels, as controlled by the RFID power controller 222 sub-module.
The RFID power controller sub-module 222 can adjust the power of transmission of
interrogation signals transmitted by the RFID antenna(s) 216. The transmit power
level or radio signal strength of the interrogation signals can be adjusted so that the
interrogation signals can travel varying distances from the RFID reader 204. For
example, the operator of an RFID reader can adjust the transmit power level or radio
signal strength to cover the area of interest, thus avoiding the interrogation or polling
of items placed on other shelves or racks, which are of no interest in the current
polling. In one non-limiting, exemplary embodiment, the RFID reader 204 provides a
linear coverage for 10 feet of the space at a particular transmit power level, which
translates into a circular coverage for 5 feet of the space at the particular transmit
power level. The RFID power controller sub-module 222 can be embodied
separately, or integrated with one or more other sub-modules, such as the general
purpose sub-module 218 that is described below.

[0067] The WLAN communication module 211 also includes a transceiver (not
illustrated) designed to communicate information over a wireless communication RF
link with access point or port 122 via WLAN antenna(s) 210. For example, the
transceiver may include a wireless data communication element that supports bi-
directional wireless data transfer using suitable wireless data transmission protocols
and methodologies. In such a deployment, the RFID antenna 216 may be tuned to
avoid RF interference with the wireless data communication elements. The
transceiver can be designed to operate over an air interface such as those defined in
IEEE 802 standards, such as 802.11 WLAN (Wireless Local Area Network)/Wi-Fi
(Wireless Fidelity), 802.16 WiMax (Worldwide Interoperability for Microwave
Access), and the like.

[0068] The general purpose sub-module 218 can be responsible for handling non-
RFID functions of the RFID reader 204, as needed. The general purpose sub-module
218 can be configured to support data communication over physical connections. The
general purpose sub-module 218 may also be configured to support data capture

functions of RFID reader 204, where such data capture functions include one or more
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of’ bar code reading; imaging; magnetic stripe reading; GPS data receiving; and IrDA.
These data capture modes can be utilized to support traditional uses of the RFID
reader 204, e.g., inventory control, tracking of packages, retail checkout, rental car
returns, and other applications. The general purpose sub-module 218 can also manage
the communication of the RFID reader 204 with the RFID tags 101, 102, 225 and the
monitoring server 106. Although not separately depicted in FIG. 1D, the general
purpose sub-module 218 can also include a data capture sub-module (not illustrated)
that is configured to support such data capture modes. The data capture sub-module
can receive instructions from the monitoring server 106 to obtain information
pertaining to the items in the environment 110 that have RFID item tags 102 attached
thereto. The data capture sub-module generates commands for scanning the RFID
item tags 102 that are present within the coverage range of the RFID reader 204. In
other exemplary implementations, the data capture sub-module interrogates each and
every tag within the range of the RFID reader 204, and obtains information pertaining
to the store-items. After obtaining the information, the data capture sub-module
modulates the obtained information and transmits it through the one or more antennas
to an access port and/or wireless switch via an antenna 210, and the information is
eventually provided to the monitoring server 106.

[0069] The processor 219 can be any general purpose microprocessor, controller,
or microcontroller that is suitably configured to control the operation of the RFID
reader 204. In practice, the processor 219 executes one or more software applications
that provide the desired functionality for the RFID reader 204, including the operating
features described in more detail below. The memory 220 may be realized as any
processor-readable medium, including an electronic circuit, a semiconductor memory
device, a ROM, a flash memory, an erasable ROM, a floppy diskette, a CD-ROM, an
optical disk, a hard disk, an organic memory element, or the like. As an example, the
memory 220 is capable of storing RFID data captured by the RFID reader 204.

[0070] The power module 221 provides operating power to the RFID reader 204.
In one embodiment, the power module 221 includes a battery that supplies power to
the RFID reader 204. In some implementations, the battery is rechargeable via

ambient lighting so that each RFID reader can be trickle charged. Power status of the
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RFID readers is communicated back to the central monitoring server 106 via the
wireless link or a wired communication link, and low power conditions can set off
alert signals for servicing. The power module 221 can also indirectly supply
operating power to the RFID tags 225, if the RFID tags 225 are passive tags. Passive
tags do not have a battery of their own, and therefore derive power from RF signals
transmitted by the RFID readers. When a passive tag encounters radio waves from a
reader, a coiled antenna within the RFID tag forms a field. The RFID tag draws
power from it, energizing the circuits in the RFID tag.
[0071] The location determination and map generation sub-module 223 can
perform boundary determination operations for the RFID reader 204 to define read
ranges or coverage arcas or zones for the RFID reader, and can generate maps of the
space or environment 110 or a portion thercof. Boundary determination can be used
to cvaluate the spatial relationship between the RFID reader 204 and various
surrounding RFID tags. In some embodiments, the location determination and map
generation sub-module 223 can cooperate with or be embodied as a component of the
general purpose sub-module 218. The boundaries are neither exact nor static.
Depending on the environment, and depending on the movement of people, radio
waves travel differently, covering different areas.
[0072] A RFID reader, such as the one described above, preferably is capable of
functioning in one or more alternate modes, including the RFID reader mode. The
primary functions of the RFID reader need not be limited to data capture and RFID
tag interrogation. Rather, the RFID reader can be capable of multi-tasking and multi-
functioning. Some functions, such as a bar-code scanner and alternate manual input
interfaces, can also be present. In some embodiments, the RFID reader 204 can be a
single device, while in others, multiple devices can combine various features to
accomplish the functions listed above, and others desired for or necessary to the
embodiment. A RFID reader, such as the one described above, is preferably used as
in conjunction with the systems and methods described below.
[0073] The exemplary RFID tag 225 illustrated in FIG. 2 comprises a RFID
antenna 226 and an integrated circuit 227. The RFID antenna 226 can receive RF

signals such as an interrogation signal 224 and transmit RF signals receive, such as
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response signals 228. The integrated circuit 227 represents one or more modules
cooperating to store and process information including demodulating RF interrogation
signals and for modulating RF response signals.
[0074] Each antenna 226 within RFID reader 204 has an associated RF read range
(or “coverage area”), which depends upon, among other things, the gain of the
respective antenna or strength of the transmit signal of the respective antenna. The
read range corresponds to the coverage area around the antenna 216 in which a tag
225 may be read by that antenna, and may be defined by a wvariety of shapes,
depending upon the nature of the antenna.
[0075] The exemplary RFID tag 225 can be positioned within transmission range
or read range of the RFID reader 204. When the RFID tag 225 receives the
interrogation signal 224 with its RFID antenna 226, the integrated circuit 227 can
perform one or more operations in response, including demodulating the interrogation
signal 224 (to know when and with what to respond) and modulating the interrogation
signal 224 using “backscatter modulation” (e.g., modulating the reflection coefficient
of its antenna with the information to respond with), and transmitting the modulated
interrogation signal 224 from the RFID antenna 226 as a response signal 228.
[0076] The RFID reader 204 can receive the response signal 228, and extract
useful information from it including, but is not limited to, the identity of the RFID tag
225 (i.e., a tag identifier). Moreover, in some implementations, if the RFID tag 225 is
a RFID beacon tag, the RFID reader 204 can determine other information such as the
position of the RFID beacon tag.
[0077] As will be described below, the use of such RFID beacon tags allows the
RFID readers 104 to generally determine their respective locations (with respect to a
coverage area defined by the RFID beacon tags that they receive response signals
from) and to create a map of the environment 110 that can be displayed on the reader
(or at the monitoring server 106) that in turn makes it easier for a user to determine
the specific locations of particular items.

[0078] Exemplary Monitoring Server

[0079] FIG. 3 illustrates a block diagram for a monitoring server 106 included in

the system of FIG.1 in accordance with some embodiments of the present disclosure.
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[0080] The functionality of the monitoring server 106 is explained with respect to
various modules depicted in the block diagram. It is to be understood that the various
modules are shown to facilitate better understanding of the monitoring server 106.
However, the modules included in the monitoring server 106 are not meant to be a
limitation on an embodiment of the present disclosure.
[0081] In one embodiment, the monitoring server 106 includes a processor 300,
one or more network interfaces 302 for establishing connection with infrastructure
devices 122, 124 present in the system 100, a transceiver 304, and a memory 306 for
storing operating instructions that can be executed by the processor 300. The
monitoring server 106, for example, can be an integrated unit containing at least all
the elements depicted in FIG. 3, as well as any other clements necessary for the
monitoring server 106 to perform its particular functions.
[0082] The processor 300 includes one or more micCroprocessors,
microcontrollers, DSPs (Digital Signal Processors), state machines, logic circuitry, or
any other device or devices that process information based on operational or
programming instructions. Such operational or programming instructions are stored in
the memory 306. The memory 306 can be an IC (Integrated Circuit) memory chip
containing any form of RAM (Random Access Memory) or ROM (Read-Only
Memory), a floppy disk, a CD-ROM (Compact Disk Read-Only Memory), a hard disk
drive, a DVD (Digital Video Disc), a flash memory card or any other medium for
storing digital information. One of ordinary skill in the art will recognize that when
the processor 300 has one or more of its functions performed by a state machine or
logic circuitry, the memory 306 containing the corresponding operational instructions
can be embedded within the state machine or logic circuitry.
[0083] The transceiver 304 includes a transmitter 304-1 and a receiver 304-2. The
transceiver 304 enables the monitoring server 106 to communicate with the RFID
readers 104 and/or with other devices such as infrastructure devices 120. In this
regard, the transmitter 304-1 and the receiver 304-2 include conventional circuitry to
enable digital or analog transmissions.
[0084] The transmitter 304-1 can be designed to allow transmitting to multiple

devices on multiple frequency bands. The receiver 304-2 is designed to allow
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receiving of radio frequency (RF) signals from within at least one bandwidth and
optionally more bandwidths, if the communications with the proximate device are in a
frequency band other than that of the network communications.
[0085] The implementations of the transmitter 304-1 and the receiver 304-2
depend on the implementation of the monitoring server 106. For example, the
transmitter 304-1 and the receiver 304-2 can be implemented as an appropriate
wireless modem, or as conventional transmitting and receiving components of two-
way wireless communication devices. Most, if not all, of the functions of the
transceiver 304 can be implemented in a processor, such as the processor 300.
[0086] The memory 306 includes various modules 308, 310, 312, 314 containing
instructions for functioning of the monitoring server 106. The functioning of the
monitoring server 106 1is explained using the modules to facilitate better
understanding; however, these modules do not limit implementation various
embodiments disclosed in the present disclosure.
[0087] In one embodiment, the memory 306 includes a reader manager module
308, an inventory module 310, a location determination and map generation module
312 and other modules 314 such as operating system, application support software,
and other similar modules that assist in proper functioning of the monitoring server
106.
[0088] The RFID reader manager 308 manages the communication with the RFID
readers 104, and assists the RFID readers 104 in their functioning. In one
embodiment, when an inventory poll is required in the store, the RFID reader
manager 308 communicates either directly or indirectly (via the infrastructure devices
120) with the RFID readers 104 and directs them to interrogate the RFID item tags
102. The RFID reader manager 308 also specifies information that is required from
the RFID item tags 102. The information can include data related to location of the
store-items, type of the store-items, price details of the store-items, and the like. The
RFID readers 104 obtain the required information from the RFID item tags 102 and
provide it to the monitoring server 106. Apart from directing the RFID readers 104
for polling, the monitoring server 106 also keeps a check on power status of each of

the RFID readers 104. In one embodiment, the monitoring server 106 monitors
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battery power level of the RFID readers 104 on a periodic basis, and sets alerts if any
reader has a low battery. In one embodiment, the RFID readers 104 transmit their
power status to the monitoring server 106 whenever they have low battery power.
The monitoring server 106 can also set alerts if a particular RFID reader becomes
faulty, or if a particular RFID reader communicates that one or more tags 102 are not
operational. For instance, the monitoring server 106 can raise either a visual alarm or
an audio alarm indicating service requirement for affected reader(s).

[0089] The inventory module 310 maintains inventory of the store-items currently
present in the store, and verifies the information obtained from the RFID readers 104.
In one embodiment, the inventory module 310 includes a database having a record of
the store-items present in the store. Whenever a store-item is sold or a new item is
added in the store, the inventory module 310 receives information pertaining to the
sold store-item or the newly added item, and accordingly the inventory module 310
updates its database. Therefore, the inventory module 310 remains updated about the
store-items present in a store at any instant. During an inventory poll in the store, the
RFID reader manager 308 provides the information obtained from the RFID readers
104 to the inventory module 310. The inventory module 310 compares the
information with the record maintained in its database, and thereby verifies the store-
items present in the store. The inventory poll can be repeated on a regular basis. In
one embodiment, the inventory module 310 provides the result of comparison to the
RFID reader manager 308. Based on the result, the RFID reader manager 308 decides
whether to repeat inventory polling or not. In addition, the RFID reader manager 308
prepares a report including the result of inventory poll, details of the store-items,
location of store-items, and the like. The report may also include battery-status of
readers 104. Such a report helps a retailer to identify areas that require attention.
[0090] The location determination and map generation module 312 can store the
position/location/coordinates of fixed RFID beacon tags and/or the fixed RFID
readers. The location determination and map generation module 312 can also
determine the relative positions/locations of each of the RFID item tags (and hence
the item it is attached to), can determine read ranges or coverage areas of RIFD

readers (fixed or otherwise), and can also generate maps of a space or environment
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110 or a portion therecof. The location determination and map generation module 312
can provide this information to the RIFD readers to the extent they do not determine it
themselves.

[0091] Various embodiments of the present disclosure will now be described with
respect to FIGS. 4A-8 including methods for RFID system deployment, methods for
RFID coverage map generation, methods for RFID reader coverage verification,
methods for relative item location determination within a space, methods for defining
multiple different coverage areas or read ranges of then RFID reader, and methods for
displaying read range of an RFID reader.

[0092] RFID System Deployment, Coverage Map Generation, and RFID

Coverage Verification

[0093] Prior to describing some embodiments of the present disclosure in detail, it
is to be noted that in the description that follows, some embodiments will be
described with respect to FIGS. 4A-6B in which the RFID readers are “fixed” at
known locations/positions/coordinates, whereas in other embodiments, described with
respect to FIGS. 7-8, in which at least one of the RFID readers are “nomadic” and can
move about from one location to another.

[0094] FIG. 4A illustrates a flowchart of a method 400 for generating a coverage
map that displays locations of fixed RFID beacon tags, fixed RFID readers and read
ranges or coverage areas for the fixed RFID readers based on feedback from the fixed
RFID beacon tags in accordance with some embodiments of the present disclosure.
[0095] In one implementation, the method 400 can be implemented when
installing an RFID system in a space or an environment 110 such as a retail store or a
section/portion of a retail store. Once installed, the RFID system can then be used to
keep track of inventory items present in the environment 110. The system can
generate a map of the space or environment so that fixed RFID readers and RFID
beacon tags can be displayed to a user on the RFID reader, along with relative
estimated locations (RELs) where particular items are located with respect to
particular coverage areas that are associated with the RFID readers.

[0096] In the example that follows, some particular steps of the method 400 of
FIG. 4A will be explained with reference to FIGS. 4B-4F, which illustrate one
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exemplary, non-limiting implementation of a portion or part of a coverage map 413 in
which a “read range” or “coverage area” of a particular RFID reader 404 is illustrated
as a coverage arca 450. Although it is not illustrated in FIGS. 4B-4F, the method 400
can be used to establish a read range or coverage area for each of a plurality of fixed
RFID readers that are distributed in a space or environment.

[0097] In addition, although the steps 410-460 of method 400 are illustrated in a
particular order, it is to be appreciated that the actual order of certain steps can be
changed or that optional steps can even be completely eliminated. For example, in
one implementation described below, RFID beacon tags are distributed, their
positions determined, RFID readers are distributed, their positions are determined,
etc., however, in alternative implementations, RFID readers can be distributed first,
then RFID beacon tags, and then positions of all can be determined. In yet another
implementation, the fixed RFID beacon tags are first distributed. Then the readers are
placed without entering their precise locations in the system. Rather, the system is
self-locating: as the RFID readers interrogate RFID tags within their coverage area or
read range, RFID beacon tags within that range will respond, and the system can then
determine the approximate coverage range of each RFID reader by knowing which
RFID reader interrogates which RFID beacon tags. Therefore any item interrogated
by that RFID reader is assumed to be within the coverage range defined by those
RFID beacon tags.

[0098] It is to be noted that prior to method 400, measurements of a space or
environment 110 can be made and entered into map generation module (MGM) to
generate a map of the space or environment 110 that includes a coordinate system and
boundaries of the space or environment 110. Examples of such MGM include
Generic Map Tools (GMT), Google Maps, Online Map Creation (OMC), and any
other map generation software. The coordinate information that specifies the
boundaries of the space or environment 110 can be determined by manually, and then
input into the MGM to generate the map of the space or environment 110. In one
implementation, the MGM can be implemented at the RIFD readers, whereas in other

implementations the MGM can be implemented at the monitoring server 106.
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[0099] The method 400 begins at step 410, where a plurality of RFID beacon tags
101 are distributed at fixed locations or positions or coordinates in a space or
environment 100. For example, when implemented in a retail space, RFID beacon
tags can be placed on shelves, floor, walls, and at other locations throughout the
space. The location/position/coordinates of each of the RFID beacon tags 101 can be
determined and the RFID beacon tags 101 can be programmed with information that
specifies their respective location/position/coordinates.
[00100] FIG. 4B illustrates a portion 413 of a space or environment in which five
RFID beacon tags 401 have been placed. In particular, FIG. 4B illustrates one
example layout where RFID beacon tags 401-1, 401-2, 401-3, 401-4, 401-N are
distributed at coordinates x1, yi; X2, V25 X3, ¥3; X4, Y45 XN, YN, respectively, in a portion
413 of a space or environment. In this simplified example, the positions of the RFID
beacon tags 401-1, 401-2, 401-3, 401-4, 401-N are represented using a two-
dimensional Cartesian coordinate system, but it is to be appreciated that any
coordinate system can be implemented including a three-dimensional Cartesian
coordinate system, a polar coordinate system, The position information or relative
positions of the RFID beacon tags 401-1, 401-2, 401-3, 401-4, 401-N within the space
or environment 110 can be determined using any of the techniques described above.
The location of the RFID beacon tags can also be entered relative to the various
landmarks within the space, such as walls, pillars, doors, etc.
[00101] At step 420, the position information for the RFID beacon tags is input
into the map generation module (MGM), and the MGM creates/updates the map of
the space or environment 110 with the locations of each of the RFID beacon tag. As
will be described below, the RFID beacon tags 101 can provide fixed reference points
for RFID readers 104. Among other information, the RFID beacon tags 101 can
provide location beacons to the RFID readers 104, thereby indicating the current
location/position of the respective beacon tags 101 with respect to RFID readers 104.
[00102] At optional step 430, a plurality of fixed RFID readers 104 are placed,
provided, deployed or distributed at fixed locations or positions or coordinates within
the space or environment 100. In other words, each of the fixed RFID readers 104 is

fixed at a particular known location within the space or environment 110. This step is
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optional since method 400 could also be used to determine read range for RFID
readers that are nomadic (i.c., have the ability to move about with the space or
environment, and are therefore not fixed), as will be described below with reference
to FIGS. 7 and 8. Furthermore, even fixed readers may be moved from one fixed
location to another, as the RFID readers may be attached to shelves and tables that can
sometimes be moved around. When step 430 is performed, the RFID readers 104 are
distributed at fixed locations or positions in the space or environment 110 so that once
their location is established, the monitoring server 106 can rely on that location as
being a fixed reference point. As will be explained below with respect to step 470
and FIG. 4G, the RFID readers 104 are ideally distributed throughout the space or
environment 110 such that the coverage areas of the RFID readers 104 cover the
entire space or environment 110 so that the RFID readers 104 can interrogate RFID
tags present anywhere within the space or environment 110. With proper deployment
of fixed RFID readers 104 throughout the space or environment 110, the entire space
or environment 110 can be covered by different RFID readers 104 to provide full
coverage throughout the space or environment 110 using coverage verification
methods described below with respect to FIG. 4G. This way, each of the RFID tags
in the space or environment 110 is within interrogation range of at least one reader to
ensure that all tags 101, 102 within the space or environment 110 can be scanned or
“interrogated” by at least one of the RFID readers 104. In one implementation, to
enable easy deployment of such RFID systems, each of the fixed RFID readers 104
are battery-powered by a battery. The batteries can be either replaceable, rechargeable
from the outlet, or rechargeable from ambient lighting. Moreover, the RFID readers
104 may communicate via RFID interrogation signals and WLAN communication
signals thereby eliminating the need for any wired connections.

[00103] FIG. 4C illustrates a portion of a space or environment 413 includes
locations of RFID beacon tags 401 and the particular RFID reader 404. In particular,
FIG. 4C illustrates one example layout where a single RFID reader 404 is positioned
at coordinates xg, yo in a portion 413 of the space or environment, but as shown in
FIG. 1C it will be appreciated that multiple RFID readers 104 can be distributed

throughout the space or environment 110. Again, the positions of the RFID reader
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404 are represented using a two-dimensional Cartesian coordinate system, but can be
represented using any coordinate system including those described above. The
position information or relative position of the RFID readers can be determined using
any of the techniques described above. It should be noted, that the position of the
RFID reader does not necessarily need to be determined with any accuracy. What is
of interest to the system is to determine the coverage of the RFID readers. Once the
RFID reader coverage is known, it is then clear that tags responding to the
interrogation of a particular RFID reader are located within that reader’s coverage
range.

[00104] Step 440 is also optional since it is only performed in implementations
where step 430 is performed (i.e., when the RFID readers 404 are distributed at fixed
locations). At optional step 440, the position information for the RFID reader 404 is
input into the map generation module (MGM), and the MGM updates the map of the
space or environment 110 with the locations of each of the RFID readers including the
RFID reader 404. In one implementation, the MGM can be included at the
monitoring server 106, and can automatically compute which particular fixed RFID
beacon tags 101 are within range of a particular reader 104 and can create a map that
includes each of the RFID readers 104 and locations of each of the fixed RFID beacon
tags 101 with respect to those readers.

[00105] At step 450 at least one coverage area/zone or “read range” is defined for
cach RFID reader. Each coverage area corresponds to a read range for a particular
RFID reader at a particular transmit power of an interrogation signal generated by that
particular RFID reader. When a RFID reader includes multiple different antennas on
the same RFID reader, each of the antennas can be focused on different areas and will
have different coverage arcas. Each coverage area encompasses a coverage area of a
particular RFID reader 104 and particular fixed RFID beacon tags 101 that are within
range of that particular RFID reader 104. As explained above, the RFID readers 104
have a limited maximum read range and they can interrogate only those tags that are
in their maximum read range/coverage arca. In one embodiment, because the
monitoring server 106 knows the coverage area of the RFID readers by knowing

which of the fixed RFID beacon tags 101, it can read.. In one implementation, each
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particular RFID reader 104 can be considered a point of origin for its corresponding
zone(s). In one implementation, the monitoring server 106 can request that the RFID
readers 104 interrogate the fixed RFID beacon tags 101 and provide response signal
information to the monitoring server 106. One method for defining the read range(s)
or zone(s) for a particular RFID reader will be described below with reference to FIG.
4D-4F.
[00106] At step 460, coordinate information that defines at least one read range or
coverage arca for each RFID reader 104 is input into the map generation module
(MGM), and the MGM updates the map of the space or environment 110 with the
coverage range of cach of the RFID readers, and their respective coverage area that
define their read range. Alternatively, the MGM can also include the actual physical
location of the RFID readers.
[00107] In addition, in accordance with another embodiment of the present
disclosure, at step 470, RFID reader coverage of the entire space or environment 110
can be verified. As described above, the fixed RFID readers 104 can receive response
signals from the fixed RFID beacon tags within their respective coverage areas, and
the fixed RFID readers 104 can extract identification information from these response
signals received from the fixed RFID beacon tags within their respective coverage
areas, and then transmit the identification information for the fixed RFID beacon tags
that are within their coverage areas to a monitoring server 106.  The monitoring
server 106 can then verify coverage by checking to ensure that a response signal was
received from each of the fixed RFID beacon tags 101.  One method for verifying
coverage will be described below with respect to FIG. 4G. Step 470 can be
performed at any step after step 430, but is illustrated after step 460 for purposes of
convenience.
[00108] FIG. 4D illustrates a flowchart of a method 450 for determining or
defining read range for RFID readers based on feedback from RFID beacon tags
present within a particular space or environment in accordance with some
embodiments of the present disclosure. For example, method 450 can be performed
by each RFID reader 104 that is present within a particular space or environment 110,

but for ease of understanding will be described with respect to a single RFID reader in
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conjunction with FIGS 4E-4F. At step 452, the RFID reader 404 transmits an
interrogation signal at a particular transmit power. In response to the interrogation
signal, any RFID tag within read range transmit a response signal to the RFID reader.
The tags responding will also include the RFID beacon tags that are within the
coverage range. For instance, in one example, FIG. 4E illustrates a portion 413 of the
space or environment and response signals transmitted from some of the RFID beacon
tags 401 in response to an interrogation signal transmitted from the particular RFID
reader 404 at a particular transmit power. As illustrated in FIG. 4E, the RFID beacon
tags 401-1, 401-2, 401-3, 401-4 are within range to the RFID reader 404 and therefore
transmit response signals (represented by single-ended arrows) in response to an
interrogation signal (not illustrated) transmitted by the RFID reader 404, whereas 401-
N is outside the read range of the RFID reader 404 and does not receive the
interrogation signal and therefore does nothing.

[00109] At step 454, the RFID reader determines, based on tag identifiers, which
particular RFID beacon tags 401-1, 401-2, 401-3, 401-4 the particular RFID reader
404 received response signals from, and the positions of those particular RFID beacon
tags 401-1, 401-2, 401-3, 401-4 based on the position information provided in the
response signal or the known positions of those particular RFID beacon tags 401-1,
401-2, 401-3, 401-4, which are known a priori by the RFID reader 404.

[00110] In one exemplary implementation of the example illustrated in FIG. 4E,
the RFID reader 404 determines that it received response signals from particular
RFID beacon tags 401-1, 401-2, 401-3, 401-4, and from the response signals uses the
RFID tag identifiers to identify those RFID beacon tags 401-1, 401-2, 401-3, 401-4.
In addition, the response signals transmitted by RFID beacon tags 401-1, 401-2, 401-
3, 401-4 can also include position information regarding the positions of those
particular RFID beacon tags 401-1, 401-2, 401-3, 401-4, which the RFID reader 404
can use to determine the position of those particular RFID beacon tags 401-1, 401-2,
401-3, 401-4. Alternatively, the RFID reader 404 can determine the positions of those
particular RFID beacon tags 401-1, 401-2, 401-3, 401-4 by looking up their
coordinates in a table that lists tag identifiers versus position. In another

implementation, the RFID reader 404 can determine the positions of the particular
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RFID beacon tags 401-1, 401-2, 401-3, 401-4 by looking up their coordinates in a
table that lists tag identifiers versus position, and then compare position information
provided in the response signals to the known position information from the table to
confirm accuracy. It should be noted that the beacon tag position information can
cither be stored in the RFID reader’s local memory, or it can be stored in the
monitoring server’s (or other central controller’s) memory.

[00111] At step 456, based on the positions of the particular RFID beacon tags
401-1, 401-2, 401-3, 401-4 with respect to the RFID reader 404, the RFID reader 404
(or alternatively the monitoring server 106), can determine a coverage arca that
corresponds to the “read range” for the RFID reader 404 at the particular transmit
power of the interrogation signal. Various alternative techniques can be used to
define the zone.

[00112] For instance, in one exemplary implementation, FIG. 4F illustrates a
portion 413 of the space or environment and a read range or coverage area 450 of the
particular RFID reader 404 at a particular transmit power. As illustrated in FIG. 4F,
the RFID reader 404 can determine which of the particular RFID beacon tags 401-1,
401-2, 401-3, 4014 is furthest away from the RFID reader 404 using subtraction, and
the read range can be set to a radial distance equal to the distance between the RFID
reader 404 and the one of the particular RFID beacon tag 401-1, 401-2, 401-3, 401-4
that is furthest away from the RFID reader 404. In this case the coverage arca 450
will have a two-dimensional circular shape or define three-dimensional spherical
volume. Moreover, although the first approximate coverage area 450 is not
completely accurate, it can provide a very good approximation of the actual coverage
arca of the RFID reader. Moreover, when a greater number of RFID beacon tags are
deployed, it is likely that more RFID beacon tags will be within the actual coverage
arca of the reader and as a result the first approximate coverage area 450 will better
approximate the actual coverage area. As the number of RFID beacon tags that are
within the coverage area increases, then it is likely that the estimate or approximate
coverage area 450 that is calculated (and/or displayed) will have better precision and

more closely approximate the actual coverage area. As mentioned above, each of the
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RFID readers 104 can perform steps 452-456 to define respective coverage areas for
that RFID reader 104.

[00113] FIG. 4G illustrates a method for verifying Radio Frequency Identification
(RFID) reader coverage of a space in accordance with some embodiments of the
present disclosure. In the implementation described at step 472, the monitoring server
106 can verify that the fixed RFID readers 104 provide full coverage of the space or
environment 110 by determining whether identification information for all of the
fixed RFID beacon tags 101 was received by at least one of the fixed RFID readers
104. If identification information was received for all of the fixed RFID beacon tags
101, then at step 474 the monitoring server 106 determines that the fixed RFID
readers 104 provide full coverage of the space or environment 110 since this means
that all of the fixed RFID beacon tags 101 have received at least one interrogation
signal and transmitted a response signal that was received by at least one of the fixed
RFID readers 104. By contrast, if identification information was not received for one
or more of the fixed RFID beacon tags (either meaning that it did not transmit a
response signal or that a response signal was not received by at least one of the fixed
RFID readers 104), then at step 476 the monitoring server 106 determines that the
fixed RFID readers 104 do not provide full coverage of the space or environment 110.
At step 478, the monitoring server 106 can provide an indication that the readers
should either be relocated or reconfigured or moved to provide full coverage of the
space or environment 110, and/or an indication that additional readers should be
added to the space or environment 110 to provide full coverage of the space or
environment 110. The system can also include intelligence, and direct the user to
place or move or “re-position” RFID readers at specific locations by displaying this
information on the monitoring server 106. Once the RFID readers are relocated
and/or new RFID readers are added, the monitoring server 106 can instruct the RFID
readers 104 to transmit another interrogation signal, and then repeat the coverage
verification process. This coverage verification process can be repeated until
coverage 1s verified at step 474.

[00114] At this stage the system 100 is deployed and can generate a map of the

space or environment 110 that will be described in more detail below. This map can
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be displayed as a GUI on the RFID readers or the monitoring server or communicated
to other nomadic RFID readers (not illustrated in FIG. 1D).
[00115] Exemplary Mecthods for Determining Item Location Within A Space

[00116] In accordance with other embodiments of the present disclosure, an RFID
system and methods are provided for determining locations of items within a space or
environment 110 as will be described below with reference to FIGS. 5A and 5B. As
will be described below, the RFID system can be used to determine item location
within a space or environment 110 based on feedback from a fixed RFID reader 104
and fixed RFID beacon tags 101 within a coverage area or read range of that fixed
RFID reader 104.

[00117] FIG. 5A illustrates a flowchart of a method 500 for determining relative
item location (RIL) based on feedback from RFID beacon tags in accordance with
some other embodiments of the present disclosure. FIG. SA will be described below
with reference to one exemplary, non-limiting implementation of a coverage map 513
that is illustrated in FIG. 5B.

[00118] At block 510, RFID item tags 102 placed in the environment 110 being
monitored. Each of the RFID item tags 102 are attached to an item (e.g., an item of
inventory or merchandise). At a minimum, the RFID item tags 102 are programmed
to include information that identifies them (e.g., a tag identifier (ID)). In some
implementations, the RFID item tags 102 can also be programmed with item data that
describes details of the respective items with which the RFID item tags 102 are
attached. Examples of the details of the items can include information such as, but
not limited to: item description, price, discount, quality, and the like. The RFID item
tags 102 can be either active devices having their own battery, or passive devices
deriving power from the RFID readers 104. In the example illustrated in FIG. 5B, it
is assumed that items with RFID item tags 402-1 and 402-2 are placed in a coverage
arca 450 that designates a read range for RFID reader 404.

[00119] At block 520, cach of the fixed RFID readers 104 can transmit an
interrogation signal, and can receive response signals from RFID beacon tags 101,
102 that are within their coverage area or “read range.” The response signals

generated by each tag include, at a minimum, identification information that identifies
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the tag (referred to below as a tag identifier (ID)), and can include other information
such as that described above. For instance, the RFID beacon tags 101 can also
include position information (e.g., coordinates that specify their particular locations
within the space or environment) in their respective response signals although this
information can also be knows a priori by the RFID readers and/or monitoring server
106.

[00120] For instance, in the example illustrated in FIG. 5B, upon receiving a first
interrogation signal from the fixed RFID readers 404 (referred to below as a “first
fixed RFID reader”), RFID item tags 402 within the read range can each transmit a
response signal. In the example that is illustrated in FIG. 5B, the RFID reader 404
receives response signals (indicated using single-ended arrows) from RFID item tags
402-1, 402-2 that are located within its coverage area 450. Because the first fixed
RFID reader 404 receives the response signals transmitted by the RFID item tags it
can determine that the first RFID item tags 402 (and hence the items they are attached
to) are located within a read range of the first fixed RFID reader 404. This read range
is a first coverage area of the first fixed RFID reader 404 within a portion 513 of the
space or environment 110.

[00121] As will be appreciated, other fixed RFID readers 104 that are placed at
other known locations within the space or environment 110 and can perform the same
methods to determine their read ranges or coverage arcas. In addition, any other
RFID tags that receive interrogation signals transmitted from other RFID readers 104
can also transmit a response signal, and any RFID readers 104 that receive a response
signal can determine that the RFID tag that transmitted it is within its coverage area or

2

“read range.” For instance, a second fixed RFID reader can be provided at a second
known location within the space or environment 110, and can transmit an
interrogation signal, and another set of fixed RFID beacon tags and/or another set of
RFID item tags can transmit response signals upon receiving this interrogation signal.
A coverage area of the second fixed RFID reader can be defined based on the second
known location of the second fixed RFID reader and another set of fixed RFID
beacon tags, and it can be determined that this other set of RFID item tags are located

within the coverage area of the second fixed RFID reader.
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[00122] At block 530, each of the RFID readers determines “zone locations™ for
cach item based on the particular RFID item tags that the particular reader received
particular response signals from. The item locations are “relative” since it is known
that the RFID item tags 402 are located somewhere within in coverage area 450;
however, the precise location of the RFID item tags 402 within that coverage area 450
are not known.

[00123] Because readers 104 know which tag ID is associated with a particular
RFID item tag 102 attached to it, the RFID readers 104 know which items are within
its zone. For instance, in one implementation, whenever an inventory poll is required,
the monitoring server 106 can direct the RFID readers 104 to interrogate the RFID
item tags 102 to obtain some information related to the items to which the RFID item
tags 102 are attached. The RFID readers 104 scan all items within their range by
transmitting an interrogation signal to detect RFID item tags present in their coverage
area or coverage area. For example, as illustrated in FIG. 5B, each of the RFID item
tags 402 generate and transmit a response signal (indicated by single-ended arrows)
that is received by the RFID reader 404. From the response signals sent by the RFID
item tags 402, the RFID reader 404 can extract information regarding the tag IDs for
the RFID item tags 402 that are attached to specific items, and thereby ‘“knows”
which items are within its read range. The same information can be provided to the
monitoring server 106.

[00124] For example, in one implementation of block 530, each RFID reader 104
can extract the tag ID information from the response signals it receives from RFID
item tags 102 within its communication range, and can wirelessly communicate the
ID information for each RFID item tag 102 to the monitoring server 106. By sending
tag IDs from the response signals it received, each RFID reader 104 can provide the
monitoring server 106 with information that allows the monitoring server 106 to
determine which RFID item tags 102 are within a particular coverage area defined by
or that “corresponds to” a particular reader 104. This way the monitoring server 106
has a rough location estimate (RLE) or “coarse” approximation of which items are
located in which coverage areca within the space or environment 110 (i.e., knows

which coverage area a particular item is located in). In some implementations, the
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system can have a map of the space or store with information about the location of the
racks and shelves throughout the space or store. By knowing which shelf or rack is
within the interrogation range of a particular RFID reader, the system can assume that
the items interrogated by the particular RFID reader are located on that particular
shelf. Of course, if more than one shelf is within the coverage area of a particular
RFID reader, then the exact location of the particular item is more ambiguous.

[00125] At block 540, cach of the RFID readers 104 (or alternatively the
monitoring server 106) can prepare a report, called a coverage area record, which
indicates the current status of each item and the particular coverage area each item is
in. For instance, in the example that is illustrated in FIG. 5B, the RFID reader 404
can prepare a report, called a coverage area record, which indicates the current status
of each item (identified by tags 402-1, 402-2) and the particular coverage area 450
cach item (identified by tags 402-1, 402-2) is in. In addition, the monitoring server
106 can update the map with an identifier which indicates the coverage area that a
RFID item tag for the particular item is located in. This identifier can be displayed
anywhere within the coverage area (defined by the fixed RFID beacon tags) for that
particular RFID reader 404 or as a list of identifiers within the coverage area.

[00126] In some implementations, a graphical user interface (GUI) embodied on a
computer-readable medium (e.g., at a nomadic RFID reader or at a monitoring server
or other computer) can display an interactive map of the space. This GUI can be
displayed, for example, on a display of an RFID reader or on a display of another
computer, such as a PC coupled to the monitoring server. The GUI can include a
display area designed to display an interactive map of a particular portion of a space
that the RFID reader is present in, a read range of the RFID reader and details
regarding the RFID item tags located within the read range of the RFID reader. The
GUI can include functionality that allows a user to select a portion of the map to
obtain details regarding other the RFID item tags located within another particular
portion of the space that is displayed on the interactive map. For example, the GUI
can allow the operator/user to zoom in on a portion of the map to obtain more details
regarding the items located within a particular portion of the space. For instance,

when the space is in a store (or a portion of a store), a GUI can display a map of the
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store floor (or a portion of the store floor), and can allow the user to zoom in on a
particular portion of the map to get more details regarding particular items that are
located at a particular shelf or rack.

[00127] Although not illustrated in FIG. 5A, the RFID readers 104 can provide
information regarding zones and items within specific zones to the monitoring server
106. Based on information received from the RFID readers 104, the monitoring
server 106 maintains (i.c., regularly updates) a database that includes a variety of
different records for each item (item records) and different records for each coverage
arca that is defined within the space or environment 110. One of these “item records”
specifies the “current area” that a particular item is currently located in, the “desired
arca” that the particular item is desired to be located with, etc. One of the coverage
area records the monitoring server 106 maintains for each coverage area is a list of the
items currently present in each zone, a list of items that should be in each zone, etc.
[00128] In one implementation, the monitoring server 106 can prepare a report
comprising item records and coverage arca records based on the new RLE
information for items located within a coverage area of each reader 104. For
example, the monitoring server 106 can compare the new RLE information provided
by a particular reader 104 with that specified in a prior coverage area record that is
associated with that particular reader 104 and maintained by the monitoring server
106. To verify the items present in the space or environment 110 and zones they are
present in, the monitoring server compares the current RLE information provided by
the RFID readers 104 with the previous record that is stored in the database. The
monitoring server can then determine whether each item is still within the coverage
area specified by the prior record, and if not, can determine where it is located, if the
item should be located there, if it was taken out of inventory (e.g., sold, damaged,
returned to vendor, etc.) In some implementations, the database can be updated with
information from other sources (e.g., information communicated from points of sale
or registers, which provides information about items that have been bought and paid
for, as well as from Electronic Article Surveillance (EAS) records, which presumably

can track items that have left the store).
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[00129] In some implementations, a processor in the monitoring server 106 (or in
an RFID reader) includes searching functionality. This searching functionality allows
a user/operator to input a specific item or items, and issue a command to search for a
specific item or items using the fixed readers. In response to the command, each
fixed RFID reader will transmit an interrogation signal to conduct a search for RFID
item tags corresponding to the specific item or items, and the RFID reader or readers
that receive a response signal from the corresponding RFID item tag or tags can then
report back to the monitoring server whether the item or items was/were located
within their coverage area.
[00130] In one implementation, the monitoring server 106 can also include RLE
information for each item in a coverage arca map. When a user of a particular
nomadic RFID reader (not illustrated) is attempting to obtain information about where
a specific item is located, the monitoring server 106 can provide a coverage area map
that specifies this information by showing the item’s relative location in the space or
environment 110 (or within a part of the space or environment 110).
[00131] This RLE can be displayed on a querying RFID reader that is attempting to
obtain information regarding items located within a portion of the space or
environment 110. Although not illustrated in FIG. 5A, the portion 513 of the space or
environment 513 that the RFID beacon tags 401, the particular RFID reader 404 and
the relative item locations (RILs) of RFID item tags 402 are located within can be
displayed on a display in accordance with some embodiments of the present
disclosure.
[00132] The coverage arca 450 is illustrated using a circle for purposes of
convenience and illustrating one example embodiment, however, it should be
appreciated that in most cases the coverage area or read range of an RFID reader does
not have perfect circular shape. To the contrary, a coverage area will typically have a
polygonal shape corresponding to the number of data points (i.e., RFID beacon tag
positions) used to compute the coverage area or read range. In general, the coverage
area can be any area or other space. In many cases it is convenient if the RFID reader
is located at the center or centroid of the coverage area or read range, with the

coverage area being an area or volume defined about that centroid. For example, in
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some implementations, the coverage area can be represented as an area or “in two-
dimensional space,” and this area can be expressed as a parametric function
representing a discretized view of a plane. By contrast, in other implementations, the
coverage area can be represented as a volume or “in three-dimensional space,” and
this volume can be represented as a matrix of values representing a discretized view

of a space.

[00133] Defining Multiple Coverage Arcas or Read Ranges For Each RFID Reader

[00134] In the examples described above, for simplicity of illustration and
explanation, FIGS. 4B, 4C, 4E 4F and 5B describe a situation where a single read
range or coverage arca is determined for each RFID reader in the space or
environment. However, it is to be appreciated that in some implementations, as will
be described below with respect FIGS. 6A and 6B, that multiple read ranges can be
defined for each RFID reader so that the RFID reader can determine which items fall
within various zones of coverage by adjusting the transmit power of the interrogation
signal (i.e., by transmitting other interrogation signals at a higher or lower transmit
power) to define multiples “coverage arcas” or “read ranges” that can be used to
locate RFID item tags. The power of the interrogation signal can be changed either
manually by the operator or the RFID reader or automatically by software operating
on the RFID reader itself.

[00135] For example, after a particular fixed RFID reader has used the methods
described above to establish a first coverage area or read range via a first interrogation
signal transmitted at a “first” transmit power, the particular fixed RFID reader can
transmit a “second” interrogation signal that has a lower transmit power than the first
transmit power of the first interrogation signal to decrease its coverage area or read
range. In response to the second interrogation signal, a “second set” of fixed RFID
beacon tags and/or a second set of RFID item tags can transmit response signals. The
second set of fixed RFID beacon tags will include at least some of the first set of fixed
RFID beacon tags, and the second set of RFID item tags will include at least some of
the first set of RFID item tags. Based on the known location of the particular fixed
RFID reader and the known locations of the second set of fixed RFID beacon tags, a

second coverage area of the particular fixed RFID reader can be defined (by either the
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particular fixed RFID reader or another entity such as the monitoring server 106), and
it can be determined that the second set of RFID item tags are also located within the
second coverage area of the particular fixed RFID reader.
[00136] By contrast, to increase its coverage area or read range, the particular fixed
RFID reader can transmit a “third” interrogation signal that has a higher transmit
power than the first transmit power of the first interrogation signal. In this case, a
“third set” of fixed RFID beacon tags and/or a “third” set of RFID item tags can
transmit response signals upon receiving the third interrogation signal, and the third
set of fixed RFID beacon tags will include all of the first set of fixed RFID beacon
tags possibly along with additional fixed RFID beacon tags, and the third set of RFID
item tags will includes all of the first set of RFID item tags possibly along with
additional RFID item tags. This is because the transmit power of the third
interrogation signal is greater than the transmit power of the first interrogation signal,
a third coverage area of the particular fixed RFID reader can be defined (by either the
particular fixed RFID reader or another entity such as the monitoring server 106)
based on the first known location of the particular fixed RFID reader and the third set
of fixed RFID beacon tags, and it can be determined that the third set of RFID item
tags are located within the third coverage area of the particular fixed RFID reader.
[00137] One such example of defining multiple coverage areas for a single RFID
reader will now be described below with reference to FIGS. 6A and 6B.
[00138] FIG. 6A illustrates a portion 613 of the space or environment and various
read ranges 440, 450, 460 of a particular RFID reader 404 in accordance with some
other embodiments of the present disclosure.
[00139] In this particular example, three “read ranges” or coverage areas 440, 450,
460 have been defined for a particular RFID reader 404; however, a greater number or
a lesser number of coverage arcas can be defined in a particular implementation. The
same applies for other RFID readers 104 in the space or environment 110. Each
coverage arca 440, 450, 460 corresponds to a read range defined for the particular
RFID reader 404 at a particular transmit power (first transmit power for coverage area
450, second transmit power for coverage area 440, third transmit power for coverage

arca 460) of an interrogation signal generated by that particular RFID reader 440.
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After the read ranges or coverage arcas 440, 450, 460 have been defined for the
particular RFID reader 404 their corresponding coordinate information (that defines
cach read range or coverage arca of the RFID reader 404) can be input into the map
generation module (MGM), and the MGM updates the map of the space or
environment 110 with the locations of each of the coverage areas for the RFID readers
including the coverage areas 440, 450, 460 of the RFID reader 404.
[00140] The first read range or coverage area 450 can be established, for example,
by performing steps 452-456 as described above -- transmitting an interrogation
signal from the particular RFID reader 404 at a first transmit power, determining
which RFID beacon tags 401-1, 401-2, 401-3, 401-4, 401-9, 401-10, 401-11, 401-12
respond, and calculating the first coverage area 450 for that particular RFID reader
450 that corresponds to the first transmit power based on the positions of the RFID
reader 404 and the positions of the RFID beacon tags 401-1, 401-2, 401-3, 401-4,
401-9, 401-10, 401-11, 401-12.
[00141] Additional “lower” read ranges or coverage areas can be defined by
progressively decreasing transmit power. For example, a second read range or
coverage area 440 can be established by decreasing the transmit power to a second
transmit power, and transmitting an interrogation signal from the particular RFID
reader 404 at the second transmit power. In most cases fewer/less RFID beacon tags
respond to an interrogation signal transmitted at a lower transmit power than respond
to an interrogation signal that is transmitted at a higher transmit power. In this case,
only RFID beacon tags 401-9, 401-10, 401-11, 401-12 respond (i.c., are within range
of the second interrogation signal). Therefore, only the positions of the RFID beacon
tags 401-9, 401-10, 401-11, 401-12 are used to calculate the second coverage arca 440
(that is also encompassed by the first coverage area 450) for the particular RFID
reader 404. The second coverage area 404 is determined based on the position of the
RFID reader 404 and the positions of the common RFID beacon tags 401-9, 401-10,
401-11, 401-12. This process sequence can be repeated to add/determine as many
additional lower coverage areas as desired for each RFID reader.
[00142] Additional “upper” or “higher” read ranges or coverage areas can also be

defined by progressively increasing transmit power. This can be done, for example,
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by increasing the transmit power to a third transmit power, and transmitting an
interrogation signal from the particular RFID reader 404 at the third transmit power.
In most cases more/additional RFID beacon tags 401-5, 401-6, 401-7, 401-8 respond
(than responded to the interrogation signals transmitted at the first transmit power or
the second transmit power). In this case, all of the RFID beacon tags 401 will
respond, but only the positions of the RFID beacon tags 401-5, 401-6, 401-7, 401-8
(i.e., that did not respond to the interrogation signals transmitted a the lower transmit
power or “have not yet responded” to an interrogation signal) are used to calculate the
third coverage arca 440 that encompasses by the first coverage area and the second
coverage arca for that particular RFID reader 404 based on the positions of the
uncommon RFID beacon tags 401-5, 401-6, 401-7, 401-8 that are positioned furthest
from the particular RFID reader 404. This process sequence can be repeated to
add/determine as many additional upper/higher coverage areas as desired for each
RFID reader 104.

[00143] As described above, coordinate information that defines the read ranges or
coverage arcas of the RFID reader 404 can be input into the map generation module
(MGM), and the MGM updates the map of the space or environment 110 with the
read ranges or coverage areas of each of the RFID readers including the RFID reader
404, and their respective coverage areas that define their read ranges. By adding more
coverage areas 440, 450, 460, the precision of the coverage areas 440, 450, 460 that
can be displayed on the map can be increased. This feature is particularly beneficial
when locating RFID item tags since this allows the read range of the RFID readers to
be iteratively adjusted so that the location of RFID item tags can be determined and
displayed with greater precision depending on the particular one of the coverage areas
the item falls within. Although the techniques described above describe generating
three coverage areas, it is to be appreciated that any number of coverage areas can be
defined using similar processing sequences.

[00144] When an RFID reader interrogates specific RFID item tags, the multiple
coverage areas that have been determined can eventually be displayed on a coverage

map on a display of that RFID reader to allow the user to determine the item’s
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location with specificity. The coverage map can be displayed at different scopes of
granularity depending on the area the user would like to observe on the display.
[00145] FIG. 6B illustrates a block diagram of the portion 613 of the space or
environment illustrated in FIG. 6A with RFID item tags A, B, C, D, E located within
various read ranges 440, 450, 460 of the particular RFID reader in accordance with
some other embodiments of the present disclosure. In FIG. 6B, the RFID item tags
are shown in capitalized letters without using any other specific identifier symbol. In
this example, a situation where RFID item tags A, B, C, D, E are located within a read
range or coverage arca 460 of the RFID reader 404, RFID item tags C, D, E are
located within a read range or coverage arca 450 of the RFID reader 404, and RFID
item tags D, E are located within a read range or coverage areca 440 of the RFID
reader 404.

[00146] In one embodiment, the coverage area that particular RFID item tags 402
are located in can be refined by iteratively adjusting transmit power of interrogation
signals transmitted by the RFID reader 404 to the RFID item tags. For instance, with
reference to the example illustrated in FIG. 6B, the RFID reader 404 can transmit a
“high” power interrogation signal and determine which RFID item tags respond and
are hence within a particular coverage area 460. In this example, all of the RFID item
tags A. B, C, D, E within coverage area 460 would send a response signal and added
to a first set A, B, C, D, E. The RFID reader 404 can then reduce transmit power of
the interrogation signal and determine which RFID item tags continue to respond.
The RFID item tags that continue to respond to this reduced transmit power
interrogation signal are closer to the RFID reader 404. The RFID item tags C, D, E
that continue to respond to this reduced transmit power interrogation signal are within
coverage area 450. The RFID reader 404 (or alternatively the monitoring server 106)
can collect data regarding which RFID item tags responded to each interrogation
signal, and use this data to precisely determine which pair of coverage areas a
particular RFID item tag is located within. For example, the RFID reader can
determine which RFID item tags lic within a region between two coverage areas by
subtracting a set of RFID item tags that respond to a lower power interrogation signal

from a set of RFID item tags that respond to a higher power interrogation signal. This
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can be useful when displaying the portion 613 of the space or environment 110 on a
display as a partial map since the RFID item tags can be indicated as being between
two particular coverage arcas as opposed to being indicated as being within one
particular coverage arca. As such, the relative location of an item can be displayed
with improved precisions. For example, in the example shown in FIG. 6B, the
operator of the RFID reader can understand that the RFID item tag C is located in a
region defined between the coverage areas that is outside of coverage area 440, but
within coverage arca 450. At the same time, the operator does not know precisely
which portion of the region that RFID item tag is within. By contrast, if only one
coverage area 450 is displayed then the operator knows that RFID item tag C is
anywhere within the coverage area 450, but can not visually rule out that RFID item
tag C is not within a certain portion of 450.

[00147] Displaying Read Range of a Nomadic RFID Reader

[00148] As noted above, methods 400, 450 and 500 can also be applied in

scenarios where the RFID readers are not fixed at known locations or positions, but
are nomadic and can move or roam within the space or environment 110. In this
situation, methods steps 430, 440 and 470 are not necessarily performed. Other
embodiments of the present disclosure will now be described with reference to FIGS.
7 and 8.

[00149] FIG. 7 illustrates an RFID system 700 in accordance with some other
embodiments of the present disclosure. FIG. 7 includes many of the same devices
101, 102, 120, 106 as illustrated in FIG. 1D, but differs from FIG. 1 in that the fixed
RFID readers 104-1 to 104-M are not present (although they can be in some
implementations), and in that at least one nomadic RFID reader 704 is present. In
FIG. 7, RFID reader 704 is not at fixed coordinates or at a known position or location
within the space or environment 100, as are the fixed RFID readers 104-1 to 104-M of
FIG. 1D, and has the ability to move about with the space or environment 110 and
therefore its position can not be relied on as a fixed reference point. At the same time,
it will be appreciated that any of the embodiments described above, such as those in
FIGS. 6A-B, can also be applied in conjunction with embodiments that will now be

described below with respect to FIGS. 7 and 8.
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[00150] FIG. 8 is a flowchart illustrating a method 800 for displaying information
corresponding to an area being covered by an RFID interrogation signal transmitted
from the RFID reader 704 (or the “read range” of the RFID reader 704). Method 800
will be explained with reference to FIG. 7.
[00151] At step 810, fixed RFID beacon tags 101 are placed at known locations
throughout a space or environment 110 (e.g., store). In addition, items, such as
inventory, merchandise, etc, that have RFID item tags 102 attached thereto can also
be placed in the space or environment 110. As noted above, each of the RFID beacon
tags 101 is programmed with an identifier (ID number) and can be programmed with
information regarding actual location/position/coordinates of that RFID beacon tag,
and each of the RFID item tags 102 is programmed with an identifier and can be
programmed with object data that describes the items that each of the particular RFID
item tags is attached to.
[00152] At step 820, the RFID reader 704 can be deployed within the space or
environment 110 and can transmit a first interrogation signal at a first transmit power
from over a first actual coverage area 840 within the space or environment 110. Any
fixed RFID beacon tags 101 and any RFID item tags 102 that are present within the
first actual coverage arca 840 being interrogated will respond to the interrogation
signal with a response signal that includes an identifier or identification number. In
some implementations, the response signals generated by the RFID beacon tags 101
will also include the location/position/coordinates of the RFID beacon tags 101, and
the response signals generated by the RFID item tags 102 will also include object data
describing the item they are attached to. In this particular example, in response to the
first interrogation signal, a first group of the fixed RFID beacon tags 101-1, 101-2,
101-3, 101-4, 101-6, 101-7, 101-8, 101-9 101-11, 101-12, 101-13 and a first group of
the RFID item tags 102-1, 102- 2, 102-3, 102-4 that are within the first actual
coverage arca 840 can generate and transmit response signals that are received by the
RFID reader 704.
[00153] Because the fixed RFID beacon tags 101 are at known locations or
positions, at step 830, the RFID reader 704 (or another device such as monitoring

server 106) can determine, based on the response signals received from the first group
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of the fixed RFID beacon tags 101-1, 101-2, 101-3, 101-4, 101-6, 101-7, 101-8, 101-9
101-11, 101-12, 101-13, the first approximate coverage arca 842 of the first
interrogation signal (also referred to as a “read range” of the RFID reader 704
corresponding to the first interrogation signal). The first approximate coverage area is
defined by the fixed RFID beacon tags 101, and is illustrated in FIG. 7 as an irregular
pentagon or five-sided polygon. The RFID reader 704 also receives response signals
from the first group of the RFID item tags 102-1, 102- 2, 102-3, 102-4 and therefore
can determine (or assume) that the first group of the RFID item tags 102-1, 102- 2,
102-3, 102-4 are also located within or near the first approximate coverage arca 842
of the RFID reader 704. Any RFID item tags that also respond to the first
interrogation signal must also be within the first approximate coverage area that is
defined by the fixed RFID beacon tags 101.

[00154] For instance, in one implementation, the RFID reader 704, can determine
the first approximate coverage arca 842 of the first interrogation signal by
determining, based on the received response signals, identification information
corresponding for each of the first group of the fixed RFID beacon tags 101-1, 101-2,
101-3, 101-4, 101-6, 101-7, 101-8, 101-9 101-11, 101-12, 101-13 and location
information corresponding for each of the first group of the fixed RFID beacon tags
101-1, 101-2, 101-3, 101-4, 101-6, 101-7, 101-8, 101-9 101-11, 101-12, 101-13, and
then determine the first approximate coverage area 842 of the first interrogation signal
based on this location information.

[00155] Alternatively, similar processing can be performed at other devices within
the system 800 including devices that are not shown. For instance, in one
implementation, the RFID reader 704 can communicate identification information
obtained from the response signals to the monitoring server 106, and the monitoring
server 106 can determine the first approximate coverage arca 842 of the first
interrogation signal based on identification information in the response signals and
corresponding location information for each of the first group of the fixed RFID
beacon tags 101-1, 101-2, 101-3, 101-4, 101-6, 101-7, 101-8, 101-9 101-11, 101-12,
101-13. The monitoring server 106 can then provide display information to the RFID

reader 704 regarding the first approximate coverage area 842 of the first interrogation
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signal. Again, the first approximate coverage arca 842 of the first interrogation signal
is determined based on the location information corresponding for each of the first
group of the fixed RFID beacon tags 101-1, 101-2, 101-3, 101-4, 101-6, 101-7, 101-8,
101-9 101-11, 101-12, 101-13.  Thus, based upon which fixed RFID beacon tags 101
respond to the interrogation signal, the system can determine the “approximate”
coverage arca 842 being read (or “scanned” or “interrogated”) by the RFID reader
704.

[00156] Although the first approximate coverage arca 842 is not completely
accurate, it can provide a very good approximation of the actual coverage area 840 of
the RFID read. This is helpful to the operator of the RFID reader when attempting to
locate an item tag. Moreover, when a greater number of RFID beacon tags are
deployed, it is likely that more RFID beacon tags will be within the actual coverage
arca 840 of the reader and as a result the first approximate coverage arca 842 will
better approximate the actual coverage arca 840. For instance, when three RFID
beacon tags are within the actual coverage area 840, the first approximate coverage
arca 842 will be represented as a triangle, but when eight RFID beacon tags are within
the actual coverage area 840, the first approximate coverage arca 842 will be
represented as an octagon, and when twelve RFID beacon tags are within the actual
coverage area 840, the first approximate coverage arca 842 will be represented as a
dodecagon. As the number of RFID beacon tags that are within the coverage arca 840
increases, then it is likely that the estimate or approximate coverage arca 842 that is
calculated (and/or displayed) will have better precision and more closely approximate
the actual coverage arca 840.

[00157] At step 840, the first approximate coverage arca 842 of the RFID reader
704, which is defined by the first group of the fixed RFID beacon tags 101-1, 101-2,
101-3, 101-4, 101-6, 101-7, 101-8, 101-9 101-11, 101-12, 101-13, can be displayed
on a display of the RFID reader 704. For example, in one implementation, the first
approximate coverage arca 842 can be displayed on the display via a graphical user
interface (GUI) embodied on a computer-readable medium and executable on a
computer. In some implementations, the first approximate coverage arca 842 of the

RFID reader 704 can be displayed on the display as part of an overall map of the
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space or environment 110 to provide context to the operator of the RFID reader 704.
In addition, in some embodiments, an image (e.g., picture or video) of the first
approximate coverage arca 842 of the RFID reader 704 can also be displayed on the
display of the RFID reader 704. Displaying the first approximate coverage area 842
on the display of the RFID reader 704 provides the operator of RFID reader 704 with
visual feedback so that the operator knows which area (defined by fixed RFID beacon
tags 101) is being scanned/read/interrogated by the first interrogation signal generated
by the RFID reader 704. Alternatively, the coverage area 842 can be displayed on a
computer (e.g., a personal computer (PC)) that is communicating with the reader 704
or the monitoring server 106.

[00158] Moreover, in some embodiments, identifiers for the RFID item tags 102-1,
102- 2, 102-3, 102-4 that are located within the first approximate coverage arca 842 of
the RFID reader 704 can be displayed on the display of the RFID reader 704 to
identify the corresponding items that are located within the first approximate coverage
arca 842 of the RFID reader 704. For example, in one implementation, identifiers of
items and/or RFID items tags that are within the coverage area can be displayed to
indicate the relative locations of items in the space or environment 110. Thus, for
example, when polling is done to interrogate RFID item tags (c.g., on shelves) in a
space or environment 110 or environment, the RFID reader 804 can display feedback
of the generalized coverage area (defined by fixed RFID beacon tags 101 being read
by the RFID reader 804) to generally show which RFID items tags are located within
the first approximate coverage arca. This way, the operator of RFID reader 704
knows which RFID item tags 102-1, 102-2, 102-3, 102-4 are within that general
coverage area. In addition, other components of the system, such as the monitoring
server, can use data to generate reports that indicate which RFID item tags are within
a particular first approximate coverage area 842.

[00159] At optional step 850, the system 800 (e.g., the monitoring server 106 or
reader 704) can generate data regarding which RFID item tags 102-1, 102- 2, 102-3,
102-4 are within the first actual coverage area 840 (or alternatively with the first

approximate coverage arca 842).
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[00160] Although FIGS. 6A and 6B are described before FIGS. 7 and &, it is noted
that FIGS. 6A and 6B (and their corresponding descriptions) are also particularly
relevant with respect to embodiments described in FIGS. 7 and 8. The RFID reader
704 can adjust (increase or decrease) its transmit power and transmit additional
interrogation signals to either expand or refine the actual coverage arca being
interrogated by the RFID reader 704 to make the approximate coverage area defined
by RFID beacon tags within range of that interrogation signal either larger (or less
precise) or smaller (or more precise). This technique can be used to increase or
decrease the number of RFID item tags 101 encompassed by the coverage area. The
power adjustment can be done manually by the user, or automatically by the RFID
reader, for instance, based on some pre-defined criteria, such as reading a particular
shelf only. An example will now be described with respect to FIG. 8, where the RFID
reader 704 decreases its transmit power and transmits a “second interrogation signal”
to refine the actual coverage area 730 being interrogated by the RFID reader 704 to
make the approximate coverage area 732 defined by fixed RFID beacon tags 101-2,
101-3, 101-7, 101-8 (within range of the second interrogation signal) smaller (or more
precise) and thus decrease the number of RFID item tags 102-2, 102-3 encompassed
by the actual coverage area 730.

[00161] In the example illustrated in FIG. 7, when the RFID reader 704 transmits
the second interrogation signal at a reduced transmit power, the second interrogation
signal is received by a second group of fixed RFID beacon tags 101-1, 101-2, 101-3,
101-6 101-7, 101-8 and a second group of RFID item tags 102-1, 102-2, 102-3 that
are within a second actual coverage area 830 within the space or environment 110.
Therefore, upon receiving response signals from the second group of fixed RFID
beacon tags 101-1, 101-2, 101-3, 101-6 101-7, 101-8 and the second group of RFID
item tags 102-1, 102-1, 102-2, 102-3 that are within the second actual coverage area
830, the RFID reader 704 (or alternatively the monitoring server 106) can determine
the corresponding known positions/locations/coordinates of the second group of fixed
RFID beacon tags 101-1, 101-2, 101-3, 101-6 101-7, 101-8 and a second approximate
coverage area 732 of the second interrogation signal that is defined by the second

group of the fixed RFID beacon tags 101. This second approximate coverage arca
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732 can then be displayed on the display of the RFID reader 704 along with
identifiers for the second group of RFID item tags 101-1, 102-2, 102-3 to identify the
items located within the second approximate coverage area 732 of the RFID reader
704. In FIG. 7, the second approximate coverage arca 732 is illustrated as a rectangle
defined by the second group of fixed RFID beacon tags 101-1, 101-2, 101-3, 101-6
101-7, 101-8. The examples illustrated in FIG. 7 show two examples of approximate
coverage arcas 732, 832. It should be appreciated that the reader 704 does not
necessarily need to be at the center of these approximate coverage areas 732, 832, but
somewhere within the approximate coverage areas. Moreover, the coverage arcas do
not need to have perfect geometric shapes; the shape of the coverage areas can be
computed based on information regarding antenna radiation patterns, etc.

[00162] Moreover, in other implementations that are not illustrated, the coverage
map can include other useful information. For instance, in one implementation, the
input device can include an imaging device (not illustrated), such as a camera, that
can be used to take a real time image (e.g., picture) of an area covered by the imaging
device of the RFID reader. The coverage map that is generated can be displayed with
(e.g., overlying) a real time image (e.g., picture) of the coverage map. For instance, in
one implementation, the coverage map that is generated can be displayed on a display
screen of an RFID reader overlying a real time image/picture that corresponds to the
area covered by the coverage map. This way, the operator of the RFID reader has
visual feedback of the read range or coverage area of the RFID reader along with a
real time image that provides visual cues regarding the surrounding read range. In one
implementation, the coverage area can be updated in real time as the nomadic RFID
reader moves around the space or environment and interrogates different RFID
beacon tags (or “different sets or groups of RFID beacon tags.”)

[00163] While at least one exemplary embodiment has been presented in the
foregoing detailed description, it should be appreciated that a vast number of
variations exist. It should also be appreciated that the exemplary embodiment or
embodiments described herein are not intended to limit the scope, applicability, or
configuration of the claimed subject matter in any way. Rather, the foregoing detailed

description will provide those skilled in the art with a convenient road map for
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implementing the described embodiment or embodiments. It should be understood
that various changes can be made in the function and arrangement of elements
without departing from the scope defined by the claims, which includes known

equivalents and foreseeable equivalents at the time of filing this patent application.
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CLAIMS

What is claimed is:

1. A method for determining item location within a space based on
feedback from a fixed Radio Frequency Identification (RFID) reader and fixed RFID

beacon tags, the method comprising:

transmitting a first interrogation signal from a first fixed RFID reader at a first
transmit power, wherein the first fixed RFID reader is fixed at a first known location

within the space;

transmitting a response signal from each of a first set of fixed RFID beacon
tags and from each of a first set of RFID item tags upon receiving the first
interrogation signal, wherein each of the fixed RFID beacon tags are fixed at known

locations and, wherein the first set of RFID item tags comprises a first RFID item tag;

defining a first coverage arca of the first fixed RFID reader based on one or
more of: the first known location of the first fixed RFID reader and the known

locations of the first set of fixed RFID beacon tags; and

determining that the first set of RFID item tags are located within the first

coverage area of the first fixed RFID reader.

2. A method according to claim 1, further comprising;:

transmitting a second interrogation signal from a second fixed RFID reader

that is fixed at a second known location within the space;

transmitting response signals from a second set of fixed RFID beacon tags and
from a second set of RFID item tags upon receiving the second interrogation signal,
wherein each of the second set of fixed RFID beacon tags are fixed at other known

locations;
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defining a second coverage area of the second fixed RFID reader based on one
or more of: the second known location of the second fixed RFID reader and the other

known locations of the second set of fixed RFID beacon tags; and

determining that the second set of RFID item tags are located within the

second coverage area of the second fixed RFID reader.

3. A method according to claim 2, wherein each of the first and second
fixed RFID readers, comprise a battery that powers the first and second fixed RFID

readers.

4. A method according to claim 3, wherein each of the batteries is

rechargeable via ambient lighting.

5. A method according to claim 1, wherein each of the RFID item tags is

attached to an item.

6. A Radio Frequency Identification (RFID) system for determining item

location within a space, the RFID system comprising:

a first fixed RFID reader designed to transmit a first interrogation signal at a
first transmit power, wherein the first fixed RFID reader is fixed at a first known

location within the space;

a first set of fixed RFID beacon tags designed to transmit response signals
upon receiving the first interrogation signal, wherein each of the fixed RFID beacon

tags are fixed at other known locations;

a first set of RFID item tags designed to transmit response signals upon
receiving the first interrogation signal, wherein the first set of RFID item tags

comprises a first RFID item tag;
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wherein the first fixed RFID reader is designed to define a first coverage arca
of the first fixed RFID reader based on the first known location and the known
locations of the first set of fixed RFID beacon tags, and to determine that the first set
of RFID item tags are located within the first coverage area of the first fixed RFID

reader.

7. A RFID system according to claim 6, further comprising:

a second fixed RFID reader designed to transmit a second interrogation signal,
wherein the second fixed RFID reader is fixed at a second known location within the

space;

a second set of fixed RFID beacon tags designed to transmit response signals
in response to receiving the second interrogation signal, wherein each of the second

set of fixed RFID beacon tags are fixed at other known locations; and

a second set of RFID item tags designed to transmit response signals in
response to receiving the second interrogation signal, wherein the second set of RFID

item tags comprise at least one RFID item tag;

wherein the second fixed RFID reader is designed to define a second coverage
arca of the second fixed RFID reader based on the second known location of the
second fixed RFID reader and the other known locations of the second set of fixed
RFID beacon tags, and to determine that the second set of RFID item tags are located

within the second coverage area of the second fixed RFID reader.

8. A RFID system according to claim 7, wherein each of the first and
second fixed RFID readers comprise a battery that powers the first and second fixed

RFID readers.

9. A RFID system according to claim 8, wherein each of the batteries is

rechargeable via ambient lighting.
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10. A RFID system according to claim 7, wherein each of the RFID item

tags is attached to an item.

11. A Radio Frequency Identification (RFID) system for determining item

location within a space, the RFID system comprising:

a first fixed RFID reader designed to transmit a first interrogation signal at a
first transmit power, wherein the first fixed RFID reader is fixed at a first known

location within the space;

a first set of fixed RFID beacon tags designed to transmit response signals
upon receiving the first interrogation signal, wherein the fixed RFID beacon tags are

fixed at other known locations;

a first set of RFID item tags designed to transmit response signals upon
receiving the first interrogation signal, wherein each of the RFID item tags is attached
to an item, and wherein the first set of RFID item tags comprises a first RFID item

tag; and

a monitoring server designed to receive the identification information from the
first fixed RFID reader that identifies first set of fixed RFID beacon tags and the first
set of RFID item tags, and to define a first coverage area of the first fixed RFID
reader based on the first known location and other known locations the first set of
fixed RFID beacon tags, and to determine that the first set of RFID item tags are

located within the first coverage area of the first fixed RFID reader.

12. A method for determining location of an item within a space, the

method comprising:

providing a plurality of fixed Radio Frequency Identification (RFID) readers
in the space, wherein each of the fixed RFID reader is fixed at a particular known

location within the space;
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transmitting interrogation signals from each of the fixed RFID readers;

transmitting a response signal from a first RFID item tag upon receiving a first
interrogation signal from a first fixed RFID reader of the plurality of fixed RFID

readers; and
receiving the response signal at the first fixed RFID reader, and

determining that the first RFID item tag is located in the space within a first

coverage area of the first fixed RFID reader.

13. A method for verifying Radio Frequency Identification (RFID) reader

coverage of a space, comprising;:

placing a plurality of fixed RFID readers and a plurality of fixed RFID beacon

tags at known locations within the space;
transmitting interrogation signals from the fixed RFID readers;

transmitting response signals from at least some of the fixed RFID beacon tags

upon receiving one of the interrogation signals;

receiving response signals from at least some of the fixed RFID beacon tags at

least some of the fixed RFID readers;

extracting identification information from the response signals received from
the at least some of the fixed RFID beacon tags at some of the fixed RFID readers,

and communicating the identification information to a monitoring server; and

verifying, at the monitoring server, that the fixed RFID readers provide full
coverage of the space by determining whether identification information for all of the

fixed RFID beacon tags was received by at least one of the fixed RFID readers.

14. A method according to claim 13, wherein the monitoring server

determines that the fixed RFID readers provide full coverage of the space when all of



WO 2010/093591 PCT/US2010/023539

61

the fixed RFID beacon tags transmitted a response signal that was received by at least

one of the fixed RFID readers.

15. A method according to claim 13, wherein the monitoring server
determines that the fixed RFID readers do not provide full coverage of the space when
one or more of the fixed RFID beacon tags did not transmit a response signal that was

received by at least one of the fixed RFID readers.

16. A method according to claim 13, further comprising:

determining, at a first fixed RFID reader of the plurality of fixed RFID
readers, an approximate location where the first fixed RFID reader is located based on
particular locations of particular ones of the fixed RFID beacon tags that the first

fixed RFID reader received response signals from.

17. A method for determining coverage arca of a Radio Frequency
Identification (RFID) reader based on feedback from fixed RFID beacon tags, the

method comprising:
transmitting a first interrogation signal from the RFID reader;

transmitting a response signal from each of a first set of fixed RFID beacon
tags upon receiving the first interrogation signal, wherein each of the fixed RFID

beacon tags are fixed at known locations;

measuring a signal strength value associated with each of the response signals;

and

defining a coverage area of the fixed RFID reader based on one or more of:
the first known location of the fixed RFID reader, the known locations of the first set
of fixed RFID beacon tags, and measured signal strength values associated with each

of the response signals.
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18. A method for determining relative location of a particular item within a
retail store that comprises a plurality of fixed Radio Frequency Identification (RFID)
readers each being fixed at a particular known location within the retail store, the

method comprising:

transmitting, in response to a command to look for the particular item,
interrogation signals from each of the fixed RFID readers to interrogate RFID item

tags within a read range of cach of the fixed RFID readers;

transmitting a particular response signal from a first RFID item tag upon
receiving a first interrogation signal from a first fixed RFID reader of the plurality of

fixed RFID readers;

receiving response signals at each of the fixed RFID readers, the response

signals including the particular response signal;
communicating the response signals to a monitoring server; and

determining, at the monitoring server, that the first RFID item tag is located

within a first coverage area of the first fixed RFID reader.

19. A method for determining relative location of a particular item within a
retail store that comprises a plurality of fixed Radio Frequency Identification (RFID)
readers each being fixed at a particular known location within the retail store, the

method comprising:

transmitting, in response to a command to look for the particular item,
interrogation signals from each of the fixed RFID readers to interrogate RFID item

tags within a read range of cach of the fixed RFID readers;

transmitting a particular response signal from a first RFID item tag upon
receiving a first interrogation signal from a first fixed RFID reader of the plurality of

fixed RFID readers;
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receiving the particular response signal at the first fixed RFID reader and
determining that the particular item is located within read range of the first fixed

RFID reader;

communicating a signal from the first fixed RFID reader to a monitoring
server over a wireless communication link, wherein the signal indicates that the first
RFID item tag is located within a first coverage area of the first fixed RFID reader;

and

determining at the monitoring server based on the signal that the first RFID

item tag is located within the first coverage area of the first fixed RFID reader.

20. A method for determining location of a Radio Frequency Identification
(RFID) reader located within a space based on feedback from fixed RFID beacon

tags, the method comprising:
transmitting an interrogation signal from the RFID reader;

transmitting a response signal from each of a first set of fixed RFID beacon
tags upon receiving the interrogation signal, wherein each of the fixed RFID beacon

tags are fixed at known locations; and

determining a location of the RFID reader and a coverage area of the RFID

reader based on the known locations of the first set of fixed RFID beacon tags.
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400

AN

410

PLACE FIXED RFID BEACON TAGS AT
KNOWN POSITIONS (COORDINATES) IN THE SPACE

Y 420

PROVIDE POSITION INFORMATION FOR EACH OF THE
FIXED RFID BEACON TAGS TO MONITORING SERVER,
AND UPDATE MAP OF THE SPACE WITH
POSITIONS OF THE FIXED RFID BEACON TAGS

l 430

PLACE FIXED RFID READERS AT KNOWN POSITIONS
(COORDINATES) IN THE SPACE SO THAT ALL AREAS OF
THE SPACE ARE COVIEEEBE?QY AT LEAST ONE RFID

l 440

PROVIDE POSITION INFORMATION FOR EACH OF THE
FIXED RFID READERS TO MONITORING SERVER, AND
UPDATE MAP OF THE SPACE WITH
POSITIONS OF THE FIXED RFID READERS

l 450

DEFINE AT LEAST ONE ZONE (1.E., READ RANGE) FOR
EACH RFID READER, WHERE EACH ZONE
CORRESPONDS TO READ RANGE FOR A PARTICULAR
RFID READER AT A PARTICULAR TRANSMIT POWER

l 460

UPDATE MAP WITH ZONE FOR EACH RFID READER

l 470

VERIFY THAT FIXED RFID READERS COLLECTIVELY
PROVIDE COVERAGE FOR ENTIRE SPACE

FiIG. 44
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FROM 450
.

452

INTERROGATE RFID BEACON TAGS BY TRANSMITTING
INTERROGATION SIGNAL AT A PARTICULAR TRANSMIT POWER TO
OBTAIN TAG IDENTIFIER FOR EACH RFID BEACON TAG WITHIN RANGE

l 454

DETERMINE, AT EACH RFID READER, WHICH PARTICULAR RFID

BEACON TAG(S) THE PARTICULAR RFID READER RECEIVED A
RESPONSE SIGNAL FROM

l 456

DETERMINE ZONE FOR EACH RFID READER, WHERE EACH ZONE
CORRESPONDS TO READ RANGE FOR A PARTICULAR RFID READER
AT A PARTICULAR TRANSMIT POWER AS DETERMINED BASED ON
POSITIONS OF THE PARTICULAR RFID READER AND THE
PARTICULAR RFID BEACON TAG(S) THAT THE PARTICULAR RFID
READER RECEIVED A RESPONSE SIGNAL FROM

TO
460

FiG. 4D
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500

510

PLACE RFID ITEM TAGS IN THE SPACE

l 520

INTERROGATE RFID ITEM TAGS IN THE SPACE BY TRANSMITTING
INTERROGATION SIGNAL AT A PARTICULAR TRANSMIT POWER TO
OBTAIN TAG IDENTIFIER FOR EACH RFID ITEM TAG

l 530

DETERMINE ZONE LOCATIONS FOR EACH ITEM BY DETERMINING
WHICH RFID READER RECEIVED A PARTICULAR RESPONSE SIGNAL
FROM A PARTICULAR RFID ITEM TAG

l 540

PREPARE A REPORT INDICATING CURRENT STATUS OF EACH ITEM
AND WHICH PARTICULAR ZONE THE ITEM IS IN

FIG. 54
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800

810

DISTRIBUTE FIXED RFID BEAGON TAGS AT KNOWN
POSITIONS (COORDINATES) IN THE SPACE AND
OPTIONALLY UPDATE MAP OF THE SPACE WITH

POSITIONS OF THE FIXED RFID BEACON TAGS

l 820

DEPLOY NOMADIC RFID READER IN THE SPACE AND
TRANSMIT INTERROGATION SIGNAL AT A PARTICULAR
TRANSMIT POWER OVEERFEIQST ACTUAL COVERAGE

l 830

DETERMINE FIRST APPROXIMATE COVERAGE AREA
(L.E., READ RANGE) OF THE NOMADIC RFID READER
BASED ON RESPONSE SIGNALS RECEIVED FROM
FIXED RFID BEACON TAGS AND OPTIONALLY WHICH
RFID ITEM TAGS ARE WITHIN THE FIRST
APPROXIMATE COVERAGE AREA

l 840

DISPLAY FIRST APPROXIMATE COVERAGE AREA (l.E.,
READ RANGE) OF THE NOMADIC RFID READER AND
OPTIONALLY WHICH RFID ITEM TAGS ARE WITHIN THE
FIRST APPROXIMATE COVERAGE AREA ON DISPLAY
OF NOMADIC RFID READER

l 850

OPTIONALLY GENERATE DATA FOR A REPORT
INCLUDING INFORMATION REGARDING WHICH RFID
ITEM TAGS ARE WITHIN THE FIRST APPROXIMATE
COVERAGE AREA

FiIG. 8
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