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ABSTRACT 

A decoupled RFID reader for reading an RFID tag using a 
single interrogator and a plurality of reader modules. The 
interrogator transmits an RF signal to supply poWer for the 
tag, and also sends commands to the tag. One of the reader 
modules communicates With the tag to trigger the tag to 

App1_ NO; 11/513,666 transmit a tag response including tag identi?cation data. The 
?rst one of the reader modules receives the tag response and 
communicates the tag identi?cation data of the tag to all of 

Filed: Aug. 31, 2006 the other reader modules. 
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DECOUPLED RFID READER AND 
INTERROGATOR 

RELATED APPLICATIONS 

[0001] This application claims bene?t of Us. provisional 
patent application Ser. No. 60/712,957, ?led Aug. 31, 2006, 
entitled “RFID Systems And Methods”, the disclosure of 
Which is hereby incorporated by reference. 

BACKGROUND 

[0002] RFID stands for Radio-Frequency IDenti?cation. 
An RFID transponder, or ‘tag’, serves a similar purpose as 
a bar code or a magnetic strip on the back of a credit card; 
it provides an identi?er for a particular object, although, 
unlike a barcode or magnetic strip, some tags support being 
Written to. An RFID system carries data in these tags, and 
retrieves data from the tags Wirelessly. Data Within a tag may 
provide identi?cation for an item in manufacture, goods in 
transit, a location, the identity of a vehicle, an animal, or an 
individual. By including additional data, the ability is pro 
vided for supporting applications through item-speci?c 
information or instructions available upon reading the tag. 

[0003] Abasic RFID system comprises a reader, including 
an interrogator module (transmitter) and a closely-coupled 
reader (receiver) module (a transceiver is often used), and a 
transponder (an RFID tag) electronically programmed With 
identifying information. Both the reader/interrogator and 
transponder have antennas, Which emit and receive radio 
signals to activate the tag, read data from the tag, and Write 
data to it. 

[0004] Several types of RFID tags exist, including ‘active’ 
and ‘passive’ tags. Active RFID tags are poWered by an 
internal battery, While passive tags operate Without an inter 
nal battery source, deriving the poWer to operate from an 
electromagnetic ?eld typically generated by an interrogator. 

[0005] The interrogator module in the reader emits an RF 
activation signal (such as a ‘select’ command) With a range 
of anyWhere from contact to 100 feet or more, depending 
upon the interrogator’s poWer output, the radio frequency 
used, the antenna used, and environmental conditions. The 
RF signal from the interrogator provides poWer to operate a 
passive tag’s integrated circuit or microprocessor and asso 
ciated memory. 

[0006] In a tag-read situation, When an RFID tag passes 
through the electromagnetic Zone created by the interrogator 
(i.e., When the tag is ‘in-?eld’), it detects the activation 
signal, Which poWers the tag. Upon receiving a ‘read tag’ 
command from the reader module, the tag conveys its stored 
data to the reader module, using poWer provided by the 
interrogator. The reader decodes the data received from the 
tag’s integrated circuit and the decoded data may be pro 
cessed by the reader, or passed to another device (e.g., a 
computer) for processing. 

[0007] In a tag-Write situation, When an RFID tag is 
‘in-?eld’, it detects the interrogator’s activation signal, upon 
Which the tag transfers data sent from either the interrogator 
or the reader module to the tag’s internal memory (using a 
Write command), again using poWer harvested from the 
transmit signal to poWer the tag to process the command and 
provide a response. 
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[0008] Thus, unlike other radio systems, passive RFID 
systems provide not only communication betWeen elements, 
but one of the elements (the reader/interrogator) must poWer 
the other element (the tag/transponder) in the communica 
tion band itself. Communication is composed of tag com 
mands (select, read, Write, lock, kill, etc), and tag responses 
to those commands. PoWer is provided by the reader in the 
act of issuing a tag command and receiving a tag response. 
Note that transmit and receive are discussed from the 
reader’s point of vieW; from the tag point of vieW these 
terms Would be reversed. 

[0009] It is unlikely that for a given reader and tag 
combination that the transmit communication (tag com 
mands), receive communication (tag responses), and poWer 
provided are all optimiZed. Because tag commands “ride” on 
the poWer signal as modulation, these tWo legs are com 
monly Well matched. HoWever, this is not alWays the case. 
The receiver may be getting just enough poWer, but the 
speci?c modulation scheme may have too little signal-to 
noise gain to be differentiated from the poWer, thus making 
the signal from the tag is unreadable. Conversely, if the 
signal is detectable, but the poWer is insufficient for poW 
ering a response, the traditional solution has been to use 
more expensive battery-backed tags (semi-passive tags) to 
add additional poWer. 

[0010] There are also second-order effects in conventional 
RFID readers, Which include closely spaced transmitter and 
receiver sections. For example, if the tag is not getting 
suf?cient poWer, turning up the poWer alone may not achieve 
the desired result. The additional transmit signal may sWamp 
the receiver section (if there is not suf?cient isolation 
betWeen sections) degrading receive sensitivity and thus 
reducing range, rather than increasing it. The tag command 
is often issued at 27-36 dB, While the tag response is often 
at —40 dB, resulting in a 70 dB difference betWeen the 
transmit and receive legs (a very high end RFID system 
could be designed for a 100 dB difference). Each 3 dB is a 
doubling in poWer, so 70 dB represents a transmit signal 
strength that is ~17 million times greater than the receive 
signal strength. This second-order e?fect makes RFID reader 
design a complex problem, With changes in one area causing 
problems in another. 

PROBLEM TO BE SOLVED 

[0011] In the case of the prior art, typically either (1) the 
tag is poWered at a greater range (D1) than the range Within 
Which the receiver can ‘hear’ the tag response (D2) (so the 
tag can receive and execute commands from a poWer mod 
ule); the tag’s returned signal is too Weak to be read by the 
receiver (i.e., the receiver is not sensitive enough); or (2) the 
receiver is capable of reading the tag beyond the range that 
the tag response is achieving (i.e., the tag-poWering trans 
mitter does not generate suf?cient output poWer for the 
tag-receiver distance). 
[0012] By attempting to ‘optimiZe’ the system to have 
D1=D2, the performance of the system is constrained to the 
loWer value of D1 or D2, Which results in sub-optimal 
system performance. 

[0013] Additional isolation betWeen transmit and receive 
signals is typically accomplished by increasing the siZe of 
the reader or by adding isolation elements (different feed 
paths, circulators) Which Will add siZe and expense to an 
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RFID reader con?guration. In many RFID systems, isolation 
of only —25 to —40 dB can be achieved between transmit and 
receive signals between the closely-coupled transmit and 
receive sections. 

SOLUTION TO THE PROBLEM 

[0014] A decoupled RFID reader is disclosed for reading 
an RFID tag using a single interrogator and a plurality of 
reader modules. The interrogator transmits an RF signal to 
supply power for the tag, and also sends commands to the 
tag. One of the reader modules communicates with the tag 
to trigger the tag to transmit a tag response including tag 
identi?cation data. The ?rst one of the reader modules 
receives the tag response and communicates the tag identi 
?cation data of the tag to all of the other reader modules. 

[0015] The present system decouples the power plus trans 
mit function from the receiver to allow a higher powered 
transmit signal to power the tag without degrading the 
receiver. Alternatively, decoupling may include separating 
the power transmission function from the transmit plus 
receive function. Decoupling the two functional sections as 
di?ferent modules can achieve isolations well below the 
thermal noise ?oor in the —ll0 dB range. 

[0016] Full separation of power from transmit from 
receive may be accomplished by using three separate mod 
ules, i.e., a power transmitter, a command transmitter, and a 
read-only receiver. 

[0017] In summary, in most radio systems, read range is a 
function of the transmit link quality and the receive link 
quality. RFID passive tag operations add in the complication 
of the power needs of the tag. Decoupling the power needs 
from the other issues allows optimiZation of the RFID 
reader. The present system thus allows a plurality of receive 
only reader modules to be communicatively associated with 
a single interrogator, and outperform an equivalent tradi 
tional reader. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a high-level diagram of an exemplary 
embodiment of an interrogator and two types of reader 
modules that may be used by the present system; 

[0019] FIG. 2A is a diagram of an exemplary embodiment 
of the present system, showing multiple connected reader 
modules associated with a single interrogator via an RFID 
tag; 

[0020] FIG. 2B is a diagram of an exemplary alternative 
embodiment of the present system, including one or more 
reader modules, and a separate tag power transmitter; 

[0021] FIG. 2C is a diagram of an exemplary alternative 
embodiment of the present system, employing separate tag 
power, command transmit, and receive modules; 

[0022] FIG. 3 is a ?owchart showing an exemplary set of 
steps performed in operation of the present system; 

[0023] FIG. 4 is a ?owchart of an exemplary embodiment 
of the present method, showing a set of steps performed by 
the method and associated system in a real-time location 
system application; and 

[0024] FIG. 5 is an exemplary diagram showing the delta 
distance between D1, the range at which communication 
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between a reader and a passive tag can be established, and 
D2, the distance at which the tag has enough power to 
operate. 

DETAILED DESCRIPTION 

[0025] The present system physically separates the trans 
mitter (which provides both tag power and tag command 
functions) and receiver elements of a traditional RFID 
reader to increase isolation and hence provide higher 
receiver sensitivity, using a method to time-coordinate the 
transmit and receive functions. In another embodiment, the 
power transmission element is additionally separated from 
the transmit and receive elements. 

[0026] Time coordination is typically performed by a real 
time clock on each of the readers coupled with either 1) 
periodic synchronization to a known absolute time base 
(NTP, GPS), or 2) periodic synchronization to a known 
common time base (an epoch value sent out by a system 
element, such as a reader). 

[0027] FIG. 1 is a high-level diagram of an exemplary 
embodiment of an interrogator and two types of reader 
modules that may be used with the present system. As shown 
in FIG. 1, interrogator 101 includes a transmitter 104 
coupled to, and controlled by, processing logic 106. Inter 
rogator 101 sends an RF transmission to energiZe RFID tag 
203 (and other tags within the interrogator’s range), and also 
transmits modulated tag commands to one or more RFID 
readers. 

[0028] Receive-only reader module 102 includes a 
receiver 105 coupled to, and controlled by, processing logic 
106. Reader module 103 with transceiver 109 includes a 
receiver 105 and a transmitter 108, both of which are 
coupled to, and controlled by, processing logic 106. Trans 
mitters 104/108, and receiver 105 are each connected to an 
antenna 107, although, in an alternative embodiment, a 
transmitter and receiver pair may share the same antenna. 

[0029] FIG. 2A is a diagram of an exemplary embodiment 
of the present decoupled reader/interrogator system 200(A), 
where “decoupled” includes separating the power+transmit 
function from the receiver to allow a higher powered trans 
mit signal to power an RFID tag without degrading the 
receiver’s performance. Alternatively, decoupling may 
include separating the power transmission function from the 
transmit+receive function. From a practical standpoint, the 
distance between the interrogator and the associated readers 
should be suf?cient to achieve at least 40 dB of isolation. 
The present system is also ‘decoupled’ to the extent that at 
least one of the readers 102 may be located signi?cantly 
further from a target tag, e. g., tag 203, than the interrogator 
101, and is capable of reading the tag from that particular 
location. 

[0030] As shown in FIG. 2A, decoupled system 200(A) 
comprises an interrogator 101 and one or more separate 
receive-only reader modules 102(*). In this embodiment, 
interrogator 101 transmits a signal to power the readers 
102(*), and also transmits modulated tag commands to the 
readers. Each receive-only reader includes two receive 
chains4one that processes the transmit signal in approxi 
mately the 0 to 36 dB range and one that processes the tag 
response in approximately the —30 to —75 dB range. Oper 
ating receivers must lock on to the transmit signal, which 
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can be accomplished by coordinating time with the trans 
mitter or a common time base, or using phase information 
and a phase locked loop. 

[0031] In an exemplary embodiment, system 200A 
includes multiple networked or otherwise communicatively 
connected read-only reader modules 102(*) associated with 
a single interrogator 101, for reading an RFID tag 203. As 
used herein, an asterisk in parentheses following a reference 
number indicates an arbitrary one of the type of entity 
designated by the reference number. 

[0032] As indicated in FIG. 2A, a single interrogator 101 
and a plurality of receiver modules 102(*), 103(A) are 
interconnected by a network (wired or wireless) indicated by 
dotted lines 211, 212, 213, and 214. Each of the receiver 
modules 102(*), 103(*), as well as the interrogator 101, in 
the network is also communicatively coupled (as indicated 
by dotted lines 230, 231, 232, 233) to a coordinating 
reader/processor 204, which may include the read/write 
functions of readers 102 or 103, or which may, alternatively, 
function solely as a processor which coordinates the activi 
ties of the reader modules. System 200A thus comprises, in 
effect, a distributed reader including N 102(*) read-only 
modules and a separate interrogator 101, that functions as 
one logical reader. 

[0033] In the embodiment described in FIG. 2A, each 
reader 102(*) is located in suf?cient proximity to tag 203 so 
that the reader can read information from (and optionally 
write information to) the tag (as shown by arrows 221, 222, 
223) when interrogator 101 is transmitting a tag power 
(activation) signal 210. 

[0034] FIG. 2B is a diagram of an exemplary alternative 
embodiment 200(B) of the present system, including one or 
more reader transceiver modules 103(*), each of which 
outputs power only in the reader’s/tag’s frequency band. 
One or more of the readers 103(*) sends a modulated carrier 
and receives the tag response. A separate tag power trans 
mitter 201 sends a carrier or broadband noise to power the 
tag 203. 

[0035] FIG. 2C is a diagram of an exemplary alternative 
embodiment 200(C) of the present system, employing sepa 
rate tag power transmit, command transmit, and read-only 
receive modules. As shown in FIG. 2C, system 200(C) 
comprises a single tag power transmitter 201, a tag com 
mand transmit module 110, and one or more read-only 
receive modules 102(*). 

[0036] Each of the readers 102/103 may coordinate either 
using a direct protocol (a reader-to-reader protocol) or via a 
host system (not shown). In an exemplary embodiment, a 
?rst one of the readers may handle all of the singulation 
process and then hand off tag data to a second reader. 
Singulation is a method by which an RFID reader identi?es 
a tag with a speci?c serial number or other characteristic 
from a number of tags in its ?eld. REID readers typically use 
an anti-collision protocol to communicate with multiple tags 
in a reader’s ?eld. Singulation enables REID readers to scan 
multiple tags simultaneously. To ensure that tag signals do 
not interfere with one another during the scanning process, 
the singulating reader ?rst ascertains what tags are present, 
and then addresses the tags individually. 

[0037] FIG. 3 is a ?owchart of an exemplary embodiment 
of the present method, showing a high-level set of steps 
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performed by the method and associated systems 200(A), 
200(B) and 200(C). As shown in FIG. 3, at step 305, 
interrogator 101 energiZes the ?eld of a target tag (e.g., tag 
203) in response to request from an initiating reader, e.g., 
reader module 103(A), or coordinating reader/processor 
204. The initiating reader then waits for a tag response. 

[0038] At step 307, the receiving readers build a carrier 
image of what they expect the tag transmission to be (if 
necessary). The tag command and the tag response are both 
e?fected via modulation applied to the transmit carrier. To 
extract a tag response, a receiver subtracts the carrier from 
the complete tag response (the modulated carrier) leaving 
only modulation behind, which is the tag response itself. 

[0039] At step 310, on receiving one or more tag 
responses, the initiating reader performs singulation to select 
and communicate with a single responding tag via the 
standard tag protocol for that particular type of tag. Next, at 
step 315, the initiating reader communicates the tag ID of 
selected tag to all other coordinating readers (e.g., readers 
102(B) and 102(C) in FIG. 2A) coordinating with the 
initiating reader, in case the other readers receive signals 
from tags that the initiating reader did not singulate out. 

[0040] On transmit, the tag command signal plus carrier is 
the modulated tag signal which is transmitted to a tag. On 
receive, the modulated tag response signal minus the carrier 
is the tag response signal. Therefore, the receiver needs to 
know the carrier characteristics to extract the tag response 
signal. 
[0041] At step 320, the tag response and optional addi 
tional information about the response [e.g., noise pro?le data 
such as bit error rate (BER), signal strength, and/or signal 
to-noise ratio (SNR)] are sent (via the reader network) to 
coordinating reader/processor 204 from the coordinating 
readers receiving tag signals. Coordinating reader/processor 
204 forwards the response to a central processing facility 
(not shown), and/or processes the additional data. Coordi 
nating reader/processor 204 may be one of the coordinating 
readers, or it may, alternatively, be a non-tag-reading pro 
cessing device. 

[0042] At step 325, the noise pro?le data is sent back to the 
coordinating readers to allow tuning of software ?lters or 
other software mechanisms. Noise modeling is most useful 
in adaptive ?ltering to remove the modeled noise allowing 
extraction of even lower energy signals than can be achieved 
without removing (or incorrectly removing) the noise in 
processing logic 106 to improve reader performance. 

[0043] FIG. 4 is a ?owchart of an exemplary embodiment 
of the present method, showing a set of steps performed by 
the method and associated system in a real-time location 
system (RTLS) application. An RTLS may be constructed 
for determining two-dimensional tag position utiliZing a 
minimum of three ?xed read-only modules 102 and a single 
interrogator 101, which may either be stationary or moving. 
An RTLS for determining three-dimensional tag position 
requires a minimum of four ?xed read-only modules 102. As 
an example, a handheld reader that reads and writes may be 
employed as the interrogator unit 101. Passive read-only 
readers 102(*) at known locations in the room may then pick 
up transmissions between the handheld reader and a tag 203, 
and use the tag response to triangulate the tag location. 
Common timing is also needed between the readers to 
correlate the ranges to calculate the tag location. 
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[0044] In an exemplary embodiment, common timing is 
provided as follows. Each reader reports back to the RTLS 
processor the following data every time the reader interacts 
with a given tag: the tag ID, the noise value (e.g., bit error 
rate), and a timestamp. 

[0045] The RTLS system takes the reports coming from 
each reader and splits them up by tag ID so that, for example, 
all reports from all readers for tag ID 1 are together. The 
timestamp is then used to associate the reports from the 
readers at or near the same point in time (e.g., all of the 
reports from tag ID 1 are received at exactly noon from all 
the readers). An alternative is to have the RTLS system keep 
the only good time, and query each reader for its last saved 
set of tag data. In this case, each reader keeps an epoch time 
(time since it recorded the data from the tag) and reports that 
as the time. Since the RTLS system knows what time it made 
the request, it can estimate the time of the tag read. In a more 
sophisticated alternative embodiment, estimation can be 
used to ?t reports received at slightly different times to an 
average time. 

[0046] The readers all determine the bit error rate (BER) 
from the tag. If the noise environment at each reader is 
similar (an assumption that can be improved with statistical 
noise modeling), then any differences in BER from a com 
mon baseline can be assumed to be due to range. This 
technique can be improved by calibrating the system against 
a test tag in a known position to correlate the relationship 
between BER and range. This BER di?ference per reader is 
then converted to a distance. With multiple distances to the 
tag from multiple readers, triangulation, or other geometric 
methods, or least squares, or other statistical methods, can be 
used to determine a tag position. 

[0047] As shown in FIG. 4, at step 405, timing data for 
each reader-to-tag leg is determined, if the RTLS is to utiliZe 
timing information to determine a target tag’s location. The 
return signal strength or other function that correlates with 
distance, such as bit error rate or signal strength, can be used 
to estimate tag to reader distance, as indicated above. 

[0048] At step 410, either (1) noise pro?le data, such as 
BER, signal strength, and/or SNR, or (2) time of arrival data 
is converted to reader-to-tag ranges, either by processing 
logic 106 in each receiving reader or in coordinating reader/ 
processor 204. Then, at step 415, the tag-to-reader distances 
determined with respect to information of type (1) or (2) 
above are combined with known receiver (reader module 
102/102) positions and converted to a tag position relative to 
any desired component in system 200 whose position is 
known. Multiple tag-to-reader distances can be combined to 
determine tag location using mechanisms such as least 
squares regression, Kalman ?ltering, or geometric methods 
such as triangulation. 

[0049] FIG. 5 is an exemplary diagram showing the delta 
distance (D2-D1) between D1, the range at which commu 
nication between a reader (transceiver) and a passive tag can 
be established; and D2, the distance at which the tag has 
enough power to operate, i.e., to receive and execute com 
mands from the transceiver. 

[0050] In the case of the prior art, typically either (1) the 
tag is powered at a greater range than the range within which 
the receiver can ‘hear’ the tag response, but the tag’s 
returned signal is too weak to be read by the receiver (i.e., 
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the receiver is not sensitive enough); or (2) the receiver is 
capable of reading the tag beyond the range that the tag is 
achieving suf?cient power (i.e., the tag-powering transmitter 
does not generate su?icient output power for the tag-receiver 
distance). FIG. 5 shows case (1). 

[0051] By attempting to ‘optimiZe’ the system to have 
D1=D2, the performance of the system is constrained to the 
lower value of D1 or D2. By decoupling the reader elements, 
in accordance with the present system, the system can be 
optimiZed for the greater value of D1 or D2. 

[0052] Each of the embodiments described above consti 
tute a distributed reader system composed of multiple, 
relatively low cost components acting as a single, more 
capable reader. Certain changes may be made in the above 
methods and systems without departing from the scope of 
that which is described herein. It is to be noted that all matter 
contained in the above description or shown in the accom 
panying drawings is to be interpreted as illustrative and not 
in a limiting sense. For example, the methods shown in 
FIGS. 3 and 4 may include steps other than those shown 
therein, and the systems shown in FIGS. 1, 2A, 2B, and 2C 
may include different components than those shown in the 
drawings. The elements and steps shown in the present 
drawings may be modi?ed in accordance with the methods 
described herein, and the steps shown therein may be 
sequenced in other con?gurations without departing from 
the spirit of the system thus described. The following claims 
are intended to cover all generic and speci?c features 
described herein, as well as all statements of the scope of the 
present method, system and structure, which, as a matter of 
language, might be said to fall there between. 

What is claimed is: 
1. A decoupled RFID reader for reading an RFID tag 

comprising: 
a single interrogator; and 

a plurality of reader modules; 

wherein the interrogator transmits an RF signal to supply 
power for the tag, and also sends commands to the tag; 

wherein a ?rst one of the reader modules communicates 
with the tag to trigger the tag to transmit a tag response 
including tag identi?cation data and 

wherein the ?rst one of the reader modules receives the 
tag response and communicates the tag identi?cation 
data of the tag to all of the other reader modules. 

2. The decoupled RFID reader of claim 1; 

wherein the tag response includes noise pro?le data sent 
from each of the plurality of reader modules to a 
coordinating reader/processor; and 

wherein the coordinating reader/processor processes the 
noise pro?le data and sends processed data back to the 
reader modules to allow tuning of software ?lters to 
improve reader performance. 

3. The decoupled RFID reader of claim 2, wherein the 
noise pro?le data includes at least one data type selected 
from the data types consisting of bit error rate, signal 
strength, and signal-to-noise ratio. 

4. The decoupled RFID reader of claim 1, wherein the 
single interrogator and the plurality of reader modules 
function as a single logical reader. 
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5. The decoupled RFID reader of claim 1, Wherein all 
tag-Write functions are performed by the interrogator, and all 
tag-read functions are performed by certain ones of the 
plurality of reader modules. 

6. The decoupled RFID reader of claim 1, Wherein the ?rst 
one of the reader modules communicates With a plurality of 
said RFID tags to singulate one of the tags; and 

Wherein the ?rst one of the reader modules receives the 
tag response from a singulated tag, and communicates 
the tag identi?cation data of the singulated tag to other 
reader modules. 

7. The decoupled RFID reader of claim 1, Wherein: 

a second plurality of the RFID reader modules are located 
in knoWn positions, relative to each other; 

noise pro?le data is sent from each of the second plurality 
of the reader modules to a coordinating reader/proces 
sor; 

the tag distance from each reader is determined by the 
coordinating reader/processor using the noise pro?le 
data; and 

a tWo-dimensional tag position is determined When said 
second plurality is equal to three, and a three-dimen 
sional tag position is determined When said second 
plurality is equal to four, each said tag position being 
determined by the tag distance from each reader and 
use of a coordinated time base. 

8. The method of claim 7, Wherein the noise pro?le data 
includes at least one of the information types consisting of 
bit error rate, signal-to-noise ratio, and signal strength. 

9. A decoupled RFID reader for reading an RFID tag 
comprising: 

a single interrogator; and 

a plurality of reader modules, each including a trans 
ceiver; 

Wherein the interrogator transmits an RF signal to supply 
poWer for the tag; 

Wherein more than one said transceiver in the plurality of 
the reader modules outputs a command, comprising an 
RF signal in the communication band of the tag, and 
receives data from the tag in response to the command; 
and 

Wherein one of the reader modules receiving the data in a 
tag response communicates the data from the tag to a 
plurality of the other reader modules, Which then use 
this data to alloW future communication With the tag. 

10. The decoupled RFID reader of claim 9; 

Wherein the tag response includes noise pro?le data sent 
from each of the plurality of reader modules to a 
coordinating reader/processor; and 

Wherein the coordinating reader/processor processes the 
noise pro?le data and sends processed data back to the 
reader modules to alloW tuning of softWare ?lters to 
improve reader performance. 

11. The decoupled RFID reader of claim 10, Wherein the 
noise pro?le data includes at least one data type selected 
from the data types consisting of bit error rate, signal 
strength, and signal-to-noise ratio. 
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12. The decoupled RFID reader of claim 9, Wherein: 

a second plurality of the RFID reader modules are located 
in knoWn positions, relative to each other; 

noise pro?le data is sent from each of the second plurality 
of the reader modules to a coordinating reader/proces 
sor; 

the tag distance from each reader is determined by the 
coordinating reader/processor using the noise pro?le 
data; and 

a tWo-dimensional tag position is determined When said 
second plurality is equal to three, and a three-dimen 
sional tag position is determined When said second 
plurality is equal to four, each said tag position being 
determined by the tag distance from each reader and 
use of a coordinated time base 

13. The method of claim 12, Wherein the noise pro?le data 
includes at least one of the information types consisting of 
bit error rate, signal-to-noise ratio, and signal strength. 

14. A decoupled RFID reader for reading an RFID tag 
comprising: 

a ?rst transmitter; 

a second transmitter; and 

a plurality of read-only reader modules; 

Wherein the ?rst transmitter transmits an RF signal to 
supply poWer for the tag; 

Wherein the second transmitter transmits commands to the 
tag; 

Wherein the second transmitter communicates With the tag 
to trigger the tag to transmit a tag response including 
tag identi?cation data; and 

Wherein the ?rst one of the reader modules receives the 
tag response and communicates the tag identi?cation 
data of the tag to all of the other reader modules. 

15. The decoupled RFID reader of claim 14; 

Wherein the tag response includes noise pro?le data sent 
from a plurality of the reader modules to a coordinating 
reader/processor; and 

Wherein the coordinating reader/processor processes the 
noise pro?le data and sends processed data back to the 
reader modules to alloW tuning of softWare ?lters to 
improve reader performance. 

16. The decoupled RFID reader of claim 15, Wherein the 
noise pro?le data includes at least one data type selected 
from the data types consisting of bit error rate, signal 
strength, and signal-to-noise ratio; 

Wherein the ?rst one of the reader modules receives the 
tag response from a singulated tag, and communicates 
the tag identi?cation data of the singulated tag to other 
reader modules. 

17. The decoupled RFID reader of claim 14, Wherein: 

a second plurality of the RFID reader modules are located 
in knoWn positions, relative to each other; 

noise pro?le data is sent from each of the second plurality 
of the reader modules to a coordinating reader/proces 
sor; 
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the tag distance from each reader is determined by the 
coordinating reader/processor using the noise pro?le 
data; and 

a tWo-dimensional tag position is determined When said 
second plurality is equal to three, and a three-dimen 
sional tag position is determined When said second 
plurality is equal to four, each said tag position being 
determined by the tag distance from each reader and 
use of a coordinated time base. 

18. The method of claim 17, Wherein the noise pro?le data 
includes at least one of the information types consisting of 
bit error rate, signal-to-noise ratio, and signal strength. 

19. The decoupled RFID reader of claim 14, Wherein: 

at least four of the plurality of RFID reader modules are 
located in knoWn positions, relative to each other; and 

a three-dimensional tag position is determined using the 
tag distance from each reader and a coordinated time 
base. 

20. A method for reading an RFID tag comprising: 

sending a signal from a single transmitter to energiZe the 
tag, Which sends a response to a plurality of networked 
RFID readers. 

21. The method of claim 20, Wherein each of the plurality 
of netWorked RFID readers is a read-only reader. 

22. The method of claim 20, Wherein the response 
includes a tag ID. 

23. The method of claim 20, including communicating the 
response, from each of the readers receiving the response, to 
a single coordinating reader/processor. 

24. The method of claim 20, including sending noise 
pro?le data, from each of the readers receiving the response, 
to a single coordinating reader/processor. 

25. The method of claim 24, Wherein: 

the coordinating reader/processor processes the noise 
pro?le data for each of the readers sending noise pro?le 
data, and sends processed noise pro?le data back to 
each respective one of the readers; and 
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the noise pro?le data received by each of the readers is 
used to tune at least one softWare ?lter in each said 
reader. 

26. The method of claim 20, Wherein: 

a second plurality of the RFID reader modules are located 
in knoWn positions, relative to each other; 

noise pro?le data is sent from each of the second plurality 
of the reader modules to a coordinating reader/proces 
sor; 

the tag distance from each reader is determined by the 
coordinating reader/processor using the noise pro?le 
data; and 

a tWo-dimensional tag position is determined When said 
second plurality is equal to three, and a three-dimen 
sional tag position is determined When said second 
plurality is equal to four, each said tag position being 
determined by the tag distance from each reader and 
use of a coordinated time base. 

27. The method of claim 26, Wherein the noise pro?le data 
includes at least one of the information types consisting of 
bit error rate, signal-to-noise ratio, and signal strength. 

28. The method of claim 20, Wherein: 

a second plurality of the RFID reader modules are located 
in knoWn positions, relative to each other; 

noise pro?le data is sent from each of the second plurality 
of the reader modules to a coordinating reader/proces 
sor; 

the tag distance from each reader is determined by the 
coordinating reader/processor using the noise pro?le 
data; and 

a tWo-dimensional tag position is determined When said 
second plurality is equal to three, and a three-dimen 
sional tag position is determined When said second 
plurality is equal to four, each said tag position being 
determined by the tag distance from each reader and 
use of a coordinated time base. 

* * * * * 


