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(57) ABSTRACT 

5.1232313222112513: 122331; iiii?é‘?ni?‘é‘i?oéidii iii; 
FOUNTAINHEAD LAW GROUP’ PC embodiment, RF signals are transmitted from one or more 
900 LAFAYETTE STREET’ SUITE 509 RFID readers, and in accordance therewith, backscattered 
SANTA CLARA, CA 95050 signals are received from a tag to be located. A plurality of 

measured position parameters are used to determine a loca 
_ _ _ _ tion of the tag. In one embodiment, one reader may transmit 

(73) Asslgnee? Radlofy LLC, a Callfornla and three readers may receive signals to determine the posi 
Limited Liability Company, L05 tion of a tag. In other embodiments, multiple readers may 
Angeles, CA (US) transmit and receive. In another embodiment, one reader may 

transmit from different positions to locate a tag. Embodi 
ments of the invention may be used to track a moving tag. A 

(21) Appl. No.: 11/641,624 reader’s position may be determined using GPS, reference 
tags, or the reader may be positioned in a known location. A 
map may be provided to a user to display the location or 

(22) Filed: Dec. 18, 2006 movement of a tag or a corresponding item. 
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RFID LOCATION SYSTEMS AND METHODS 

BACKGROUND 

[0001] The present invention relates to radio frequency 
identi?cation (“RFID”), and in particular, to RFID location 
systems and methods. 
[0002] RFID systems are useful in a Wide variety of appli 
cations. RFID systems are radio communication systems that 
include small loW cost electronic devices that store informa 
tion including identi?cation (“ID”) information, for example. 
These devices are referred to as RFID tags. The RFID tags 
may be designed using backscattering circuit techniques, for 
example, so that another device can retrieve the ID Wirelessly. 
The retrieving device is typically referred to as a “reader,” and 
sometimes “an interrogator.” The tags are typically very 
small, and may be placed on a variety of items including 
equipment, products, or even people, for example, and iden 
ti?cation of such items may be made through a reader. 
Accordingly, RFID systems may be used to track inventory in 
a Warehouse or the number of products on store shelves to 
name just a feW example applications. 
[0003] RFID systems may include large numbers of tags 
and readers spread out across potentially Wide areas. It is 
often desirable to obtain the location of items having attached 
tags. For example, in a factory, an RFID tag may be af?xed to 
particular tools, and it may be desirable to locate a particular 
tool or tools using the attached RFID tag. 
[0004] Additionally, tags or readers, or both, may be mov 
ing or stationary. In many situations it is desirable to deter 
mine the precise location of a stationary tag using stationary 
readers. Additionally, it may be desirable to determine the 
precise location of a moving reader or the precise location of 
a moving tag. 
[0005] Thus, there is a need for RFID location systems and 
methods. 

SUMMARY 

[0006] Embodiments of the present invention include a 
method of locating radio frequency identi?cation tags com 
prising transmitting three or more RF signals from one or 
more RFID readers, and in accordance thereWith, receiving 
three or more backscattered signals in the one or more RFID 

readers from a tag to be located, transmitting a plurality of 
location parameters corresponding to each of the three or 
more received backscattered signals from the one or more 
RFID readers to a server, and determining a location of the tag 
using the plurality of location parameters. In one embodi 
ment, one reader may be used in different positions. TWo, 
three, or more readers may also be used. A reader’s position 
may be determined using GPS, reference tags, or the reader 
may be positioned in a knoWn location. 
[0007] In one embodiment, the present invention includes a 
method of locating radio frequency identi?cation tags com 
prising transmitting one or more RF signals from one or more 
RFID readers located at one or more locations to a tag to be 

located, receiving three or more backscattered signals in three 
or more RFID readers from the tag, extracting at least one 
measured position parameter from each of the three or more 
backscattered signals, and determining a location of the tag 
using the plurality of measured position parameters. 
[0008] In one embodiment, the one or more RFID readers 
comprise a ?rst RFID reader, Wherein the ?rst RFID reader 
transmits a ?rst RF signal to the tag, and in accordance there 
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With, backscattered signals are received by said ?rst RFID 
reader and tWo or more other RFID readers, and Wherein said 
?rst RFID reader and each of said tWo or more other RFID 
readers are at different locations. 

[0009] In one embodiment, the ?rst RFID reader and the 
tWo or more other RFID readers are synchronized. 

[0010] In one embodiment, the one or more RFID readers 
comprise three or more RFID readers at three or more differ 
ent locations. 
[0011] In one embodiment, the three or more RFID readers 
transmit RF signals at three or more different frequencies, and 
in accordance thereWith, the three or more backscattered sig 
nals are received at three or more different frequencies. 
[0012] In one embodiment, the three or more RFID readers 
transmit RF signals at the same time. 
[0013] In one embodiment, the three or more RFID readers 
transmit RF signals at the same frequency. 
[0014] In one embodiment, the present invention further 
comprises storing a plurality of locations for said tag deter 
mined at a plurality of different times. 
[0015] In one embodiment, the one or more RFID readers 
transmit one or more RF signals at a plurality of times to 
locate a moving tag. 
[0016] In one embodiment, the present invention further 
comprises determining the rate of movement of said tag. 
[0017] In one embodiment, the present invention further 
comprises displaying the rate of movement of said tag to a 
user. 

[0018] In one embodiment, the present invention further 
comprises determining the direction of movement of said tag. 
[0019] In one embodiment, the present invention further 
comprises displaying the direction of movement of said tag to 
a user. 

[0020] In one embodiment, the present invention further 
comprises transmitting the measured position parameters 
corresponding to each of the three or more received backscat 
tered signals from the three or more RFID readers to a server, 
and determining the location of the tag on the server. 
[0021] In one embodiment, the present invention further 
comprises transmitting a location of the three or more RFID 
readers to a server. 

[0022] In one embodiment, the measured position param 
eters are derived from RF signals and backscattered signals 
that are transmitted and received by the same RFID reader. 
[0023] In one embodiment, the measured position param 
eters are derived from RF signals and backscattered signals 
that are transmitted and received by different RFID readers. 
[0024] In one embodiment, the measured position param 
eters are derived from one RF signal transmitted by a ?rst 
RFID reader and backscattered signals received by the ?rst 
RFID reader and tWo or more different RFID readers. 

[0025] In one embodiment, determining a location of the 
tag using the plurality of measured position parameters com 
prises determining the position of the tag based on a measured 
position parameter resulting from an RF signal sent from a 
?rst RFID reader and corresponding backscattered signals 
received by three or more other RFID readers. 
[0026] In one embodiment, the present invention further 
comprises receiving measured position parameters for each 
of the three or more readers on a ?rst reader, and determining 
the location of the tag on the ?rst reader. 
[0027] In one embodiment, the present invention further 
comprises receiving a location of one or more RFID readers 
on the ?rst reader. 
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[0028] In one embodiment, the present invention further 
comprises storing one or more locations corresponding to the 
three or more RFID readers in at least one of said RFID 
readers or in a server. 

[0029] In one embodiment, the present invention further 
comprises determining one or more locations corresponding 
to at least one of the three or more RFID readers using a global 
positioning system. 
[0030] In one embodiment, the measured position param 
eters comprise poWer of the backscattered signal, angle of 
arrival of the backscattered signal, time difference of arrival 
of the backscattered signal, or phase of the backscattered 
signal. Combinations of these parameters may be, but not 
necessarily are, used (e.g., to improve accuracy). 
[0031] In one embodiment, tWo or more different measured 
position parameters are extracted from each backscattered 
signal and used to determine the location of the tag. 
[0032] In one embodiment, the one or more RFID readers 
transmits a plurality of RF signals and receives a plurality of 
corresponding backscattered signals, and extracts measured 
position parameters from the plurality of backscattered sig 
nals. 
[0033] In one embodiment, the present invention further 
comprises determining raW location parameters for the tag to 
be located. 
[0034] In one embodiment, the raW location parameters 
represent the location of the tag as latitude and longitude, 
Cartesian coordinates, Polar coordinates, or as one or more 
vectors. 

[0035] In one embodiment, the present invention further 
comprises generating mapped position information from the 
raW location parameters. 
[0036] In one embodiment, the present invention further 
comprises associating a map image With the location of the 
tag and displaying the map to a user. 
[0037] In one embodiment, at least one RFID reader is 
embedded in a mobile device. 

[0038] In another embodiment, the present invention 
includes a method of locating radio frequency identi?cation 
tags comprising transmitting three or more RF signals from 
one or more RFID readers located at three or more different 

locations, and in accordance thereWith, receiving three or 
more backscattered signals in the one or more RFID readers 
from a tag to be located, extracting at least one measured 
position parameter from each of the three or more backscat 
tered signals, and determining a location of the tag using the 
plurality of measured position parameters. 
[0039] In one embodiment, one or more RFID readers com 
prise three or more RFID readers. 
[0040] In one embodiment, the one or more RFID readers 
comprise one RFID reader that transmits the three or more RF 
signals from three or more different locations. 
[0041] In one embodiment, the one or more RFID readers 
comprise at least a ?rst RFID reader and a second RFID 
reader, Wherein the ?rst RFID reader transmits a ?rst RF 
signal from a ?rst location, and Wherein the second RFID 
reader transmits a second RF signal from a second location 
and a third RF signal from a third location. 
[0042] In one embodiment, at least one of the one or more 
RFID readers transmits a ?rst RF signal from a ?rst knoWn 
location and then transmits a second RF signal from a second 
knoWn location different than the ?rst knoWn location. 
[0043] In one embodiment, the present invention further 
comprises transmitting the measured position parameters 

Jun. 19, 2008 

corresponding to each of the three or more received backscat 
tered signals from the one or more RFID readers to a server, 
and determining the location of the tag on the server. 
[0044] In one embodiment, the present invention further 
comprises transmitting a location of the one or more RFID 
readers to a server. 

[0045] In one embodiment, the present invention further 
comprises receiving measured position parameters for each 
of the one or more readers on a ?rst reader, and determining 
the location of the tag on the ?rst reader. 

[0046] In one embodiment, the present invention further 
comprises receiving a location of one or more RFID readers 
on the ?rst reader. 

[0047] In one embodiment, the present invention further 
comprises storing one or more locations corresponding to at 
least one of the one or more RFID readers. 

[0048] In one embodiment, the present invention further 
comprises determining one or more locations corresponding 
to at least one of the one or more RFID readers using a global 
positioning system. 
[0049] In one embodiment, an RF signal is transmitted and 
the backscattered signal is received by the same reader. 
[0050] In one embodiment, an RF signal is transmitted by a 
?rst reader and the backscattered signal is received by another 
reader. 
[0051] In one embodiment, the measured position param 
eters comprise poWer of the backscattered signal, angle of 
arrival of the backscattered signal, time difference of arrival 
of the backscattered signal, or phase of the backscattered 
signal. 
[0052] In one embodiment, tWo or more different measured 
position parameters are extracted from each backscattered 
signal and used to determine the location of the tag. 
[0053] In one embodiment, the one or more RFID readers 
transmits a plurality of RF signals from each of the three or 
more different locations and receives a plurality of corre 
sponding backscattered signals at each location, and extracts 
measured position parameters from the plurality of backscat 
tered signals at each location. 
[0054] In one embodiment, the present invention further 
comprises determining raW location parameters for the tag to 
be located. 
[0055] In one embodiment, the raW location parameters 
represent the location of the tag as latitude and longitude, 
Cartesian coordinates, Polar coordinates, or as one or more 
vectors. 

[0056] In one embodiment, the present invention further 
comprises generating mapped position information from the 
raW location parameters. 

[0057] In one embodiment, the present invention further 
comprises associating a map image With the location of the 
tag and displaying the map to a user. 

[0058] In one embodiment, at least one RFID reader is 
embedded in a mobile device. 

[0059] In another embodiment, the present invention 
includes a method for locating radio frequency identi?cation 
tags comprising generating a location request, transmitting 
one or more RF signals from one or more RFID readers, and 
in accordance thereWith, receiving three or more backscat 
tered signals from a tag to be located, extracting at least one 
measured position parameter from each of the three or more 
backscattered signals. In one embodiment, three or more 
different locations of the one or more RFID readers is stored, 
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and a location of the tag is determined using the measured 
position parameters and the location of the one or more RFID 
readers. 
[0060] In one embodiment, one or more RFID readers com 
prise one RFID reader that transmits the three or more RF 
signals from three or more different locations. 
[0061] In one embodiment, the one or more RFID readers 
comprise at least a ?rst RFID reader and a second RFID 
reader, Wherein the ?rst RFID reader transmits a ?rst RF 
signal from a ?rst location, and Wherein the second RFID 
reader transmits a second RF signal from a second location 
and a third RF signal from a third location. 
[0062] In one embodiment, the location of at least one of 
said RFID readers is stored on the RFID reader and transmit 
ted to the server. 

[0063] In one embodiment, the location of at least one of 
said RFID readers is stored on the server. 

[0064] In one embodiment, at least one of said RFID read 
ers performs said transmitting three or more RF signals from 
one or more knoWn locations. 

[0065] In one embodiment, at least one of said RFID read 
ers includes a global positioning system for determining the 
location of said at least one RFID reader. 

[0066] In one embodiment, the measured position param 
eters comprise poWer of the backscattered signal, angle of 
arrival of the backscattered signal, time difference of arrival 
of the backscattered signal, or phase of the backscattered 
signal. 
[0067] In one embodiment, the present invention further 
comprises displaying a map to a user specifying the location 
of the tag. 
[0068] In another embodiment, the present invention 
includes a system for locating radio frequency identi?cation 
tags comprising a tag, a computer system including location 
softWare, and one or more RFID readers comprising an RFID 
transmitter, an RFID receiver, and a ?rst communication unit 
for communicating With the server, Wherein the one or more 
RFID readers transmits three or more RF signals (e. g., three 
RF signals from one RFID reader or one RF signal from each 
reader), and receives three or more backscattered signals 
from the tag, Wherein each of the one or more RFID readers 
transmits a plurality of measured position parameters corre 
sponding to each of the three or more received backscattered 
signals to the server, and Wherein the location softWare on the 
server determines a location of the tag using the plurality of 
measured position parameters. 
[0069] In one embodiment, the one or more RFID readers 
comprise three or more RFID readers. 

[0070] In one embodiment, the one or more RFID readers 
comprise one RFID reader that transmits the three or more RF 
signals from three or more different locations. 
[0071] In one embodiment, the one or more RFID readers 
comprise at least a ?rst RFID reader and a second RFID 
reader, Wherein the ?rst RFID reader transmits a ?rst RF 
signal from a ?rst location, and Wherein the second RFID 
reader transmits a second RF signal from a second location 
and a third RF signal from a third location. 
[0072] In one embodiment, the one or more RFID readers 
further comprise a global positioning system. 
[0073] In one embodiment, the measured position param 
eters comprise poWer of the backscattered signal, angle of 
arrival of the backscattered signal, time difference of arrival 
of the backscattered signal, or phase of the backscattered 
signal. 
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[0074] In one embodiment, the present invention further 
comprises a display, Wherein a user enters an item to be 
located, and said system displays a map to the user shoWing 
the location of said item. 

[0075] In another embodiment, the present invention 
includes a device for locating radio frequency identi?cation 
tags comprising an RF signal transmitter for transmitting an 
RF signal to a tag, a backscattering receiver for receiving a 
backscattered signal from said tag, a position parameter mea 
surement unit for extracting one or more measured position 
parameters from the backscattered signal, and a communica 
tion unit for establishing a data communication link betWeen 
said device and an external system, Wherein measured posi 
tion parameters obtained from at least three backscattering 
signals from said tag from at least three different positions are 
used to determine the location of said tag. 

[0076] In one embodiment, the present invention further 
comprises a global position system. 
[0077] In one embodiment, the external system comprises 
one or more readers. 

[0078] In one embodiment, the present invention further 
comprises location software, Wherein measured position 
parameters from one or more other readers are received by 
said device, and the location software determines the location 
of said tag. 

[0079] In one embodiment, the external system comprises a 
server, and measured position parameters are transmitted to 
the server, and the server determines the location of said tag. 

[0080] In one embodiment, the present invention further 
comprises mapping softWare for displaying a map to the user 
shoWing the location of said tag. 
[0081] In one embodiment, said device is a cellular phone. 

[0082] In one embodiment, said device is a personal digital 
assistant. 

[0083] In one embodiment, said device is a portable com 
puter. 
[0084] In another embodiment, the present invention 
includes a method determining position using radio fre 
quency identi?cation tags comprising transmitting three or 
more RF signals from an RFID reader, and in accordance 
thereWith, receiving three or more backscattered signals from 
three or more reference tags, extracting at least one measured 
position parameter from each of the three or more backscat 
tered signals, accessing the position of the three or more 
reference tags, and determining a location of the reader using 
the plurality of measured position parameters. 
[0085] In one embodiment, the position of at least one 
reference tag is stored on the at least one tag. 

[0086] In one embodiment, the present invention further 
comprises storing one or more locations corresponding to one 
or more reference tags, receiving one or more tag IDs in one 
or more backscattered signals, and retrieving the stored loca 
tion of one or more reference tags using the tag IDs. 

[0087] In another embodiment, the present invention 
includes a radio frequency identi?cation location method 
comprising receiving an input from a user specifying an item 
to be located, said item being associated With a tag, determin 
ing a tag ID corresponding to the item, transmitting one or 
more RF signals from one or more RFID readers located at 
one or more locations to a tag to be located, receiving three or 
more backscattered signals in three or more RFID readers 
from the tag, extracting at least one measured position param 
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eter from each of the three or more backscattered signals, and 
determining a location of the tag using the plurality of mea 
sured position parameters. 
[0088] In one embodiment, the present invention further 
comprises calculating raW location parameters that specify 
the location of the tag. 
[0089] In one embodiment, the present invention further 
comprises generating mapped position information and dis 
playing the mapped position information to the user. 
[0090] In one embodiment, the present invention further 
comprises displaying the location of the item to a user on a 
map. 
[0091] In one embodiment, the present invention further 
comprises navigating the user to said item. 
[0092] In one embodiment, the user input is received by a 
mobile device. 
[0093] In one embodiment, the user input is received by a 
kiosk. 
[0094] These and other features of the present invention are 
detailed in the folloWing draWings and related description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0095] FIG. 1A illustrates an RFID location system accord 
ing to one embodiment of the present invention. 
[0096] FIG. 1B illustrates an RFID location system accord 
ing to another embodiment of the present invention. 
[0097] FIG. 1C illustrates an RFID location system accord 
ing to another embodiment of the present invention. 
[0098] FIG. 2 illustrates an RFID location method accord 
ing to one embodiment of the present invention. 
[0099] FIG. 3 illustrates an RFID location system accord 
ing to one embodiment of the present invention. 
[0100] FIG. 4 illustrates an RFID location system accord 
ing to one embodiment of the present invention. 
[0101] FIG. 5 illustrates an RFID location system accord 
ing to one embodiment of the present invention. 
[0102] FIG. 6 is an example of an RFID reader according to 
one embodiment of the present invention. 
[0103] FIG. 7 is an example of a mobile device according to 
one embodiment of the present invention. 
[0104] FIG. 8 is an example of a mobile device according to 
another embodiment of the present invention. 
[0105] FIG. 9 illustrates a location method according to one 
embodiment of the present invention. 

DETAILED DESCRIPTION 

[0106] Described herein are techniques for using RFID 
techniques for location applications. In the folloWing descrip 
tion, for purposes of explanation, numerous examples and 
speci?c details are set forth in order to provide a thorough 
understanding of the present invention. It Will be evident, 
hoWever, to one skilled in the art that the present invention as 
de?ned by the claims may include some or all of the features 
in these examples alone or in combination With other features 
described beloW, and may further include modi?cations and 
equivalents of the features and concepts described herein. 
[0107] FIG. 1A illustrates an RFID location system accord 
ing to one embodiment of the present invention. RFID loca 
tion system 100 includes RFID readers 102A-D that can 
locate a tag 101A. RFID readers transmit RF signals. The RF 
signals may address or otherWise specify a particular tag to be 
accessed. For example, readers may communicate With spe 
ci?c tags by sending a signal that all tags respond to. The 
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reader may detect collisions and request that only speci?c 
tags respond. For instance, the reader may request responses 
only from tags With a most signi?cant bit (“MSB”) in the ID 
equal to Zero. The tags may receive the signals from the reader 
and only respond if certain conditions are met. For instance, 
a tag may only respond if one or more bits in the tag ID match 
one or more bits in a reader reference signal. It is to be 
understood that these are only examples to illustrate hoW 
communication With a particular tag may be established. 

[0108] The RF signals from each reader are backscattered 
by the tags Within each reader’s range. The backscattered 
signals from the tags are modi?ed (e.g., modulated) to include 
the tag’s identi?cation number or code (i.e., the tag ID). Each 
RFID reader 102A-D receives the backscattered signals and 
may process the backscattered signal to extract the tag ID. 
Accordingly, each RFID reader may determine Which tags are 
Within the reader’s range. Additionally, each RFID reader 
may associate a backscattered signal With particular tag IDs. 
As described in more detail beloW, the location of a particular 
tag, or group of tags, may be determined by using measured 
parameters obtained from the backscattered signal that can be 
used to determine positions (e.g., received signal phase or 
signal poWer). There parameters are referred to herein as 
“measured position parameters.” 
[0109] Location of a tag may be achieved by transmitting 
three or more RF signals from three or more different loca 
tions. For example, RFID reader 102A may transmit a ?rst RF 
signal, and the RF signal may be received and backscattered 
by tag 101A. Thus, RFID reader 102A Will receive a back 
scattered signal in response to the transmitted RF signal as 
shoWn at 110A. Similarly, RFID readers 102B and 102C may 
transmit a second and third RF signals, and the RF signals 
may be received and backscattered by tag 101A. Thus, RFID 
readers 102B and 102C Will receive backscattered signals in 
response to the transmitted RF signals as shoWn at 110B and 
110C. 

[0110] Measured position parameters for determining the 
location of tag 101A may be obtained by processing each 
backscattered signal. For example, the RFID readers may 
receive the backscattered signals from tag 101A and extract 
information from the backscattered signal to determine the 
distance betWeen the reader and the tag. Embodiments of the 
present invention may include measuring the folloWing posi 
tion parameters from the backscattered signals: phase, poWer 
(or received signal strength), angle of arrival, or time of 
arrival, for example. One or more of these measured position 
parameters may be used to determine the distance betWeen 
the reader and the tag. Examples of measured position param 
eter calculations are provided beloW. 

[0111] From the measured position parameters, the 
unknoWn position of tag 101A can be determined using soft 
Ware, for example, if the reader positions are knoWn. The 
results of processing the measured position parameters may 
be raW (i.e., preprocessed) location parameters such as dis 
tances, latitudes/longitudes, altitudes, coordinates (e.g., Car 
tesian or Polar), a vector, or offsets from one or more knoWn 
positions or references.As described in more detail beloW, the 
raW location parameters may be used to generate mapped 
position information, such as actual locations in rooms, Ware 
houses, hallWays, shelves, aisles, streets, or graphic images 
thereof. The mapped position information may be presented 
to a user to alloW the user to locate items to Which the tags are 

attached, for example. 
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[0112] In this example, the measured position parameters 
are transmitted from each RFID reader to computer system 
130 (e.g., a server) over communication channel 120. Com 
munication channel 120 may be a wired or wireless channel. 
For example, communication channel 120 may be a wired 
local area network connection, such as Ethernet, or it may be 
a wireless channel such as Bluetooth, Zigbe, WiFi (IEEE 
802.11 network), Cellular (e.g., CDMA, TDMA, GSM), or 
any other wireless network, for example. Server 130 includes 
location software 131. The measured position parameters 
from the RFID readers are accumulated on the server, and 
location software 131 uses the measured position parameters 
to determine the location of the tag. Server 130 and location 
software 131 may be implemented in a variety of ways. For 
example, server 130 may be implemented as stand alone 
hardware including location software 131 coupled to the 
RFID readers over a local wired or wireless network. Alter 
natively, location software 131 may be included as a software 
component on one or more readers, and the readers may send 
measured position parameters to one of the readers for deter 
mining the position of the tag. In another embodiment, server 
130 and location software 131 may be implemented on a 
remote computer system coupled to the RFID readers over a 
wide area network, such as the Internet. 

[0113] In one embodiment, readers 102A, 102B, and 102C 
may transmit RF signals at the same time but with different 
modulated frequencies. For example, readers 102A, 102B, 
and 102C may transmit at frequencies FA, PB, and FC, 
respectively. By using different frequencies it is possible for 
the readers to transmit at the same time (as commanded by 
server 130, for example) and to then recogniZe the backscat 
tered signal that matches their own frequency. For example, 
reader 102A may use the time of arrival of the backscattered 
signal with frequency FA to represent the range from reader 
102A to tag 101A and back to reader 102A. Similarly, reader 
102B may use the time of arrival of the backscattered signal 
with frequency FB to represent the range from reader 102B to 
tag 101A and back to reader 102B. Likewise, reader 102C 
uses the time of arrival of the backscatter signal with fre 
quency FC to represent the range from reader 102C to tag 
101A and back to reader 102C. These times of arrival mea 
surements together with the readers’ position information can 
then be transmitted to one of the readers or server 130 for 
calculating the tag position using triangulation and geometric 
methods. 

[0114] In one embodiment, the readers may repeat their RF 
signal transmissions at frequent time intervals (e.g., as 
instructed by server 130 or via synchronized clocks), thereby 
providing measured tag position parameters at different time 
instances. The measured position parameters at each time 
instance may result in a plurality of corresponding raw loca 
tion parameters and mapped positions. If the tag is stationary 
the location presented to a user will not change with time. 
However, if the tag is moving the location presented to a user 
will update at each time interval. In one embodiment, the 
changing information may be used to determine the rate of 
movement and direction of movement of a tag. For example, 
one mode of display to the user may include displaying the 
current position of the tag as well as the tags velocity magni 
tude (i.e., speed or rate of movement) and direction of move 
ment. As mentioned above, the velocity can be obtained from 
the current and previous time interval locations. The magni 
tude of the velocity may be obtained from the distance 
between current and previous time interval positions divided 
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by the elapsed time interval, for example. The direction of the 
velocity may be obtained from the direction of the vector 
going from the previous time interval position to the current 
position. In one embodiment, location information may be 
stored so that the movement of tags over time may be ana 
lyZed. For example, the server or the readers may store in 
memory the current and previous positions of the interrogated 
tags. In one embodiment a user views the route traveled by the 
tag over several previous time intervals. Such a method can be 
used for example to research movement patterns of items with 
attached tags or track the paths traveled by lost or stolen items 
with attached tags. 
[0115] FIG. 1B illustrates an RFID location system accord 
ing to another embodiment of the present invention. This 
example illustrates that the location of a tag may also be 
determined from backscattered signals that are received by 
another reader. For example, RFID reader 102A may transmit 
a signal Tx1. Signal Tx1 may be backscattered off tag 101A. 
Backscattered signal BS1 may be received by a different 
reader. In this example, reader 102C receives the backscat 
tered signal BS1. Similarly, reader 102B may transmit a sig 
nal Tx2, and a corresponding backscattered signal BS2 may 
be received by reader 102A. Likewise, reader 102C may 
transmit a signal Tx3, and a corresponding backscattered 
signal BS3 may be received by reader 102B. If the locations 
of the readers are known, the location of the tag may be 
determined. In this embodiment, and the embodiment in FIG. 
1A, more readers will improve the accuracy in locating the 
tag. 
[0116] FIG. 1C illustrates an RFID location system accord 
ing to another embodiment of the present invention. In this 
embodiment, transmission by a single reader results in back 
scattered signals that are received by multiple readers. This 
embodiment may be particularly useful in determining the 
location and velocity of moving tags since all the measured 
position parameters result from a single reader transmission 
that occurs at one time, thereby avoiding the issue of the tag 
moving in between transmissions from different readers. For 
example, RFID reader 102A may transmit a signal Tx4. Sig 
nal Tx4 may be backscattered off tag 101A. In this example, 
signal Tx4 results in three backscattered signals BS_4A, 
BS_4B, and BS_4C, which are received by readers 102A, 
102B, and 102C, respectively. The location of the tag may be 
determined from measured position parameters and reader 
locations. For example, the time of arrival as measured by 
reader 102A represents the distance from reader 102A to tag 
101A and back. The time of arrival as measured by reader 
102B represents the distance from reader 102A to tag 101A to 
reader 102B. The time of arrival as measured by reader 102C 
represents the distance from reader 102A to tag 101A to 
reader 102C. In this example, the three readers use the same 
clock reference for measuring time. This could be achieved 
by synchronization. For example, the readers may synchro 
niZe their clocks with server 130. The times of arrival infor 
mation together with the readers’ position information can 
then be transmitted to one of the readers or server 130 for 
calculating the tag location using triangulation and geometric 
methods. The readers can repeat their RF signal transmissions 
at frequent time intervals (e.g., as instructed by server 130 or 
via synchroniZed clocks), thereby providing measured posi 
tion parameters at different time instances. Each measured 
position parameters at a particular time results in their own 
raw location and mapped position. If the tag is moving, the 
location will change at each time interval. As was mentioned 
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above, the system may determine and display the current 
position of the tag as Well as its velocity magnitude and 
direction. Another mode of display for the user is to present 
the route traveled by the tag over several previous time inter 
vals. This may include storing in memory the current previous 
location information. For example, the measured position 
parameters, raW location parameters, or mapped position 
information for a plurality of times may be stored in the server 
or in the readers. 

[0117] FIG. 2 illustrates an RFID location method accord 
ing to one embodiment of the present invention. At 201, a 
location request may be generated. The location request may 
be generated by the server, by one of the readers, or externally 
either manually or automatically by softWare. At 202, the 
location request is sent to the server. In this example, the 
server coordinates the location process and may instruct the 
readers to start transmitting the RF signals for locating a tag. 
At 203, the readers obtain the raW measurements (i.e., the 
measured position parameters) after sending the RF signals 
and receiving the backscattered signals. At 204 the measured 
position parameters from each reader are sent to the location 
server. At 205 the server determines if the reader locations are 
knoWn. In one embodiment, each reader may be located at a 
?xed position, and the location is stored on the server. 
Accordingly, the server may access the location of each 
reader When and if needed. HoWever, if the reader locations 
are not accessible on the server, the server requests the reader 
locations at 206. At 207, the readers determine and send their 
locations back to the server. At 208 the server may determine 
if the data from the readers is complete. For example, it is 
possible that some measured position parameters may not 
have been received or may be outside acceptable ranges. If 
multiple measurements are being used to improve accuracy as 
described above, then the server may verify the validity of 
each measurement and check that all measurements have 
been obtained. If the data for determining the tag position is 
not complete, then the server may return to 203 and obtain 
neW data from one or more readers. If the data for determining 
the position of the tag is complete, the location server deter 
mines the location of the tag using the measured position 
parameters at 209. 

[0118] FIG. 3 illustrates an RFID location system accord 
ing to one embodiment of the present invention. In this 
embodiment, one RFID reader 302A may be used to deter 
mine the location of tag 301. Reader 302A may initially be in 
a ?rst location (e.g., Location A). The reader transmits a ?rst 
RF signal and receives a ?rst backscattering signal as shoWn 
at 310A. Reader 302A may send the measured position 
parameters corresponding to the ?rst backscattering signal to 
server 330 over communication channel 320. In this example, 
reader 302A may be a mobile reader coupled to the server 
over a Wireless channel. Thus, reader 302A may be moved 
from location A to a second location (e.g., Location B). The 
reader transmits a second RF signal and receives a second 
backscattering signal as shoWn at 310B. Reader 302A may 
send the measured position parameters corresponding to the 
second backscattering signal to server 330. Reader302A may 
next be moved from location B to a third location (e.g., 
Location C). The reader transmits a third RF signal and 
receives a third backscattering signal as shoWn at 310C. 
Reader 302A may send the measured position parameters 
corresponding to the third backscattering signal to server 330. 
In one embodiment, the reader may be moved betWeen knoWn 
locations, Which may be stored on the server, for example. As 
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described in more detail beloW, the location of reader 302A 
may alternatively be determined by using reference tags or a 
global positioning system (“GPS”) in the reader. The data 
obtained by the reader at the three different locations is sent to 
the server and provided to location softWare 331. In another 
embodiment described beloW, the location softWare may be 
included on the reader itself. Location softWare 331 includes 
algorithms for determining the location of the tag using the 
measured position parameters from three or more backscat 
tered signals received at the three or more different positions. 

[0119] FIG. 4 illustrates an RFID location system accord 
ing to one embodiment of the present invention. In some 
embodiments, tWo readers may be used to determine the 
location of a tag by moving one of the readers betWeen dif 
ferent locations. In this example, tWo readers 402A and 402C 
are stationary, While a third reader 402B is moved betWeen 
tWo locations A and B. Readers 402A and 402C are coupled 
to server 430 over communication channel 420A. Readers 
402A and 402C may be located at knoWn ?xed locations, and 
channel 420A may be an Ethernet connection, for example. 
Reader 402B may be a mobile reader coupled to server 430 
over a Wireless channel 420B, for example. The location of a 
tag may be determined by sending and receiving signals With 
one of the ?xed readers 402A or 402C and by sending and 
receiving signals With mobile reader 402B from tWo different 
locations. It is to be understood that one ?xed reader and one 
mobile reader may be used to obtain three sets of measured 
position parameters at three different locations. HoWever, 
While the present invention may use three RF signals from 
three different locations, this example illustrates that more 
than three signals and locations could be used. In this 
example, measured position parameters may be obtained 
from one or more ?xed readers (e.g., readers 402A and 402C) 
and one or more mobile readers (e. g., reader 402B) gathering 
measured position parameters from any number of multiple 
different locations. Compiling additional measured position 
parameters for a tag from more locations may be used to 
reduce the error in determining the tag’s position. 
[0120] FIG. 5 illustrates an RFID location system accord 
ing to one embodiment of the present invention. In this 
embodiment, an RFID reader’s location is determined using a 
plurality of reference tags With knoWn locations. For 
example, a mobile reader 501A may transmit RF signals and 
detect both a tag 501 to be located and a plurality of reference 
(“REF”) tags 505A-C. The backscattered signals received 
from tags 505A-C may be used to obtain measured position 
parameters for the reader based on signal transactions 
510A-C With the reference tags. The measured position 
parameters may, in turn, be used to determine the location of 
the reader relative to the knoWn locations of the reference 
tags. The location of the reader may then be determined by 
accessing the knoWn reference tag locations. For example, in 
one embodiment tags 505A-C may each return a tag ID. The 
tag IDs may be used to look up the locations of tags 505A-C 
(e. g., on the server or locally on the reader). Alternatively, the 
knoWn location of each reference tag may be stored on the tag 
itself. When a reader transmits a signal, each reference tag 
returns a location to the reader With the tag ID. 

[0121] Accordingly, reader 501A may send out four (4) RF 
signals (i.e., 3 to the reference tags and l to the tag to be 
located). Three (3) of the RF signals 510A-C may be used to 
determine the location of the reader, and a fourth RF signal 
511A may be used to determine the location of tag 501. 
Reader 501A may then move from a ?rst location A to a 
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second location B. At the second location, reader 501A may 
again send out four (4) RF signals 510D-F and 511C. Three 
(3) of the RF signal 510D-F may be used to determine the neW 
location of the reader using reference tags 505B, 505D, and 
505F, and a fourth RF signal 511C may be used, together With 
information from signal 511A, to determine the location of 
tag 501. A mobile reader could be moved betWeen three or 
more locations to obtain different measured position param 
eters from reference tags and the tag to be located, and process 
the information locally to determine the location of tag 501. 
However, in this example, a second reader 501B is used for 
the third measurement on tag 501. The location of reader 
501B may be determined using reference tags 505C, 505E, 
and 505F, for example. The third measurement for determin 
ing the location of tag 501 may also be taken by reader 501B. 
In this example, the raW data from the signal transactions 
510A-H and 510] using reference tags 505A-F, and transac 
tions 511A-C betWeen the readers and the tag to be located, 
may be transmitted to the location softWare 531 on server 530 
to determine the locations of the readers 501A and 501B and 
tag 501. 
[0122] FIG. 6 is an example of an RFID reader according to 
one embodiment of the present invention. RFID reader 600 
may include a backscattering circuit 610, a position param 
eter measurement unit 620, a global positioning system 630, 
and a communication unit 640 for communicating informa 
tion With a server 650 over communication channel 651. 
Backscattering circuit 610 includes an RFID transmitter 611 
(“TX”) for generating RF signals (e.g., through one or more 
antenna (not shoWn)) and an RFID receiver 612 (“RX”) for 
receiving backscattered signals from an RFID tag (e.g., 
through an antenna). The position parameters in the backscat 
tered signals may be extracted using position parameter mea 
surement unit 620. For example, unit 629 may include circuits 
for extracting poWer from received signals, determining time 
of arrival, angle of arrive, or phase, for example. While posi 
tion parameter measurement unit 620 is illustrated here as a 
separate block, it is to be understood that electronics for 
extracting measured position parameters may be integrated 
With the backscattering receiving 612, for example. Reader 
600 may include a global positioning system 630 for deter 
mining the location of the reader. In other embodiments, a 
reader may be located in a ?xed position, and the location 
stored on the reader. Server 650 may access each reader 
location by issuing a reader location request, Which causes 
each reader to transmit its location to the server. Alternatively, 
each reader location may be stored on the server or on another 
system accessible by the server. Reader 600 may communi 
cate the location information from the GPS 630 and the mea 
sured position parameters from unit 620 through communi 
cation module 640. Communication unit 640 coordinates 
communications over channel 651 With server 650. As men 
tioned above, communication channel 651 may be either a 
Wired or Wireless channel, and communication unit 640 may 
implement any of a variety of communication protocols for 
communicating over channel 651. The location of the tag may 
be determined by location softWare on the reader, for 
example. 
[0123] FIG. 7 is an example of a mobile device according to 
another embodiment of the present invention. Mobile device 
700 may be a cellular phone, personal digital assistant 
(“PDA”), portable computer (e.g., a laptop or pocket PC), a 
music player, or any other mobile or otherWise portable elec 
tronic device With functionality implemented by components 

Jun. 19, 2008 

790. In one embodiment, an RFID reader may be embedded 
in a mobile device. In FIG. 7, mobile device 700 includes a 
backscattering circuit 710, Which includes a transmitter 711 
for sending an RF signal 701 and a receiver 712 for receiving 
a backscattered signal 702. Backscattered signal 702 may be 
received from an RFID tag. The received signal, or compo 
nents thereof, may be coupled to position parameter measure 
ment unit 730 for extracting measured position parameters as 
described above. The measured position parameters are 
coupled to location softWare 740. In one embodiment, a user 
may send and receive three or more backscattered signals 
from three or more different locations and determine the 
location of tags independently. In another embodiment, the 
mobile device receives other location information from other 
readers to determine the location of tags. For example, the 
mobile device may be coupled to a server 760. Server 760 
may be coupled to other readers in multiple different loca 
tions, and readers each send measured position parameters to 
the server. The mobile device may doWnload the measured 
position parameters from other readers and the positions of 
the other readers (as stored on the readers or on the server). 

[0124] Location softWare 740 receives the measured posi 
tion parameters and positions of the system(s) Where the 
position parameters Were measured. Location softWare 740 
may be coupled to a GPS 743 for determining the position of 
the mobile device. Location softWare 740 may include a 
position processor 741 that determines the raW location 
parameters that provide the position of the tag. For example, 
the raW location parameters may represent the position of the 
tag as longitude, latitude, altitude, in Cartesian coordinates, 
Polar coordinates (e.g., as distances and angles), or as vectors, 
for example. Location softWare 740 may further include a 
mapping processor 742 that receives the raW location param 
eters and mapping data, and transforms the raW location 
parameters into mapping position information. Mapping data 
may be used to transform the tag’s position from Cartesian 
coordinates or vector representations, for example, into 
mapped position information Which is an actual physical 
position a user can understand such as a shelf locations, aisles, 
rooms, Warehouses, hallWays, or streets. The mapping soft 
Ware component(s) may receive mapping data that maps raW 
position parameters into mapped position information. The 
mapping data may further include images (maps) that may be 
displayed to a user With the tag superimposed on the image. In 
this example, the mapping data is stored on the mobile device. 
The mapping data may include information for translating 
raW location parameters into mapped position information, 
images, or information for translating betWeen tag IDs and 
the names of items to Which the tags are attached. In other 
embodiments, some or all of this information may be received 
from an external source system such as a server, for example. 
In other embodiments, mapping data may be stored on the tag 
itself. It is to be understood that location softWare 740, posi 
tion processor 741, and mapping processor 742 may be 
implemented in softWare, hardWare, or as a combination of 
hardWare and softWare. 

[0125] FIG. 8 illustrates a location method according to one 
embodiment of the present invention. In this example, mobile 
device 800 includes backscattering circuits 810 including 
transmitter 811 and receiver 812 for sending a signal and 
receiving a backscattered signal. Position parameter mea 
surement unit 820 extracts position parameters that may be 
used to determine the position of a tag. GPS 830 provides a 
position for the mobile device. A communication unit 850 
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provides data communicationbetWeen mobile device 800 and 
a server 860 over communication channel 851. In this 

example, measured position parameters and the position of 
the mobile device 800 are sent to a server 860 for processing. 
Server 860 includes location softWare 840. Location softWare 
840 receives measured position parameters from different 
systems to determine the location of speci?ed tags. Location 
softWare 840 may include a position processor 841 for gen 
erating raW location parameters from measured position 
parameters as described above. Location software 840 may 
further include mapping processor 842 for transforming the 
raW location parameters into mapped position information as 
described above. Server 860 may include mapping data 844, 
Which may be used to translate the raW location parameters 
into mapped position information. Mapping data may include 
map images of hallWays, aisles, rooms, or shelves, for 
example, Which may be displayed to a user. The mapping 
processor may select particular maps based on the particular 
values of the raW location parameters. Selected mapping data 
may be sent to mobile device 800 and displayed to a user. The 
mapping data may further include navigation information for 
providing directions to the user based on the user’s current 
location and the location of a tag. Mapping softWare 885 on 
mobile device 800 may receive mapping data, including 
images, navigation information, and the mapped position of a 
tag (e.g., the location of the tag on a particular shelf in a 
particular aisle of a store), and mapping softWare 885 may 
display the information to a user including the location of the 
mobile device and a tag superimposed on the map image 
together With directions on hoW to move from the current 
location to the tag location, for example. 
[0126] FIG. 9 illustrates a location method according to one 
embodiment of the present invention. At 901 a user may enter 
an item to be located into a mobile device including a back 
scattering circuit described above. The item may be a loca 
tion, such as a particular room or cubicle the user Wants to ?nd 
or an object the user Wants to locate. The item may be the 
name of a person or business in an o?ice building, for 
example, that the user may Want to ?nd. At 902 the tag ID for 
the item entered by the user is determined. At 903 a reader 
netWork is accessed. The system may select a particular net 
Work of readers, or a plurality of speci?c readers in one or 
more netWorks for locating the requested item. In one 
embodiment, a search algorithm may be executed for deter 
mining if the tag ID for the desired item is in any of the 
available netWorks, and then determining the optimum read 
ers to access for ?nding the position of the tag With a high 
accuracy. At 904 speci?ed readers send RF signals and 
receive backscattered signals from the tag to be located. At 
905 measured position parameters are extracted from the 
backscattered signals. At 906 the measured position param 
eters are sent to location softWare for processing. As 
described above, the location softWare may reside on a reader 
or on a server. At 907 the raW location parameters are calcu 

lated to determine the position of the desired tag. At 908, 
mapping information is accessed. At 909 mapped position 
information, Which represents the position of the tag in terms 
a user can readily understand are generated as described 
above. Generating mapped position information may include 
mapping ranges of raW location parameters, such as ranges of 
Cartesian coordinates or ranges of vectors, into one or more 
text descriptors (e.g., 3rd Shelf, Left Side, Aisle 5 or just Aisle 
5) and associating one or more map images (e.g., a diagram of 
a store that may be Zoomed in and out). At 910 the mapped 
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location information is displayed to a user. The mapped posi 
tion information may include a map image shoWing the loca 
tion of the item and the location of the user’s mobile device 
initiating the process on a map. At 911 a user may navigate to 
the item. For example, the mapped position information may 
include directions to guide the user to the item in real time 
using a mobile device. In other embodiments, kiosks may be 
provided in stores (e.g., markets or bookstores) or Ware 
houses that users may use to ?nd any store item. The kiosk 
may access a server and netWork of readers in the store that 

locate tagged items and provide the users With maps and 
information to ?nd any item speci?ed by the user in the store. 
In other embodiments, portable devices such as cell phones or 
personal digital assistance, for example, may be used to 
access a netWork of readers for locating items. For example, 
a user may enter a store and enter an item into a portable 

device (e.g., the name of a CD or DVD in a music or video 
store, the name of a grocery item in a supermarket, or the 
name of a clothing item in a clothing store). The portable 
device may access a netWork, Which may include readers and 
a server for example. The name of the item entered by a user 
may be transmitted to the netWork, translated into a tag ID. 
The item may be located using the readers, and mapping 
information may be returned to the portable device, for 
example. 

Example Measured Position Parameters 

[0127] A variety of measured position parameters may be 
used to determine the location of a tag. As an example, the 
tWo-dimensional unknoWn tag position at time t may be 
denoted pt:(Xt, Yt), and the knoWn reader positions may be 
denoted piIQG, Yi). The readers may, in general, move in 
time. A generic measurement yit relative to reference point i 
is a function htype(pt, pi) of both unknoWn position and 
knoWn position, and it is subject to an uncertainty eit. 

[0128] In one embodiment, poWer may be used as the mea 
sured position parameter. The received poWer can be mea 
sured for example With a poWer estimator or a digital or 
analog received signal strength indicator (RSSI) block. With 
the knoWn transmit poWer, the channel attenuation (Which 
increases With distance) may be computed. The attenuation 
may be averaged over fast fading [re?ections or scattering off 
of multiple different objects] and depends on distance and 
sloW fading [shadoWing; blockages caused by objects]. For 
example, in free space and With no fading, the poWer attenu 
ation is inversely proportional to square of distance. An 
example of a more elaborate model that solely depends on the 
relative distance is What is sometimes referred to as the Oku 
mura-Hata model: 

Where std(eit)z4-l2 dB depending on the environment (desert 
to dense urban)ialpha is a path loss exponent. It is also 
possible to utiliZe a predicted or measured spatial digital map 
With RSS values. 

[0129] In another embodiment, time of arrival may be used 
as the measured position parameter. For time of arrival, the 
above equation is expressed as folloWs: 

The signal’s round-trip travel time betWeen a reader and a tag 
may be determined to estimate the range. Travel time can be 
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