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RFID tag from another. When the RFID tags are to be used by multiple parties for
identification purposes, rewriting or reprogramming the RFID tags can be problematic
since a subsequent party attempting to read the RFID tags may not be able to read new

25  data written on the RFID tags or may not be able to match the new data to information

for tracking purposes.

SUMMARY

[0004] Portable radio frequency identification (RFID) readers and methods of use are
disclosed. A particular portable RFID reader includes an active antenna array including
30  a plurality of antenna elements to receive RFID signals from one or more RFID devices.
Each of the plurality of antenna elements includes control circuitry to control a beam
pattern generated by the active antenna array. The portable RFID reader also includes

sum circuitry operable to determine a sum signal by summing the RFID signais received
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WO 2011/ 088009PCT/ US2011/ 020759 5by at | east two of the plurality of
antenna el enents. The portable RFID reader further includes

difference circuitry coupled to the plurality of antenna el enents.

The di ffer®A@RIEBIBUI try is operable to determ ne a di PCEUSAHY O Hnal
between the RFID signals received by at |east two of the plurality of
ant eRna pel AMEAY Swo SPMeAMILRR & R Sadehsali3e ﬁd?fé'b\‘éjﬁﬁlri"ré%%%l? fuHePT
to electronically steer the beampattern and to ‘determne a

di r ect i diclpdeslifferenreiccyity sevpled tathsarlviabiy efrankrre elewieots. dfhet difierence
or nore [ : j ; - J cul =] D 1 eader

i ncl udes@ﬁ@%%‘gﬁgﬁég%g&h}"ﬁ%g%‘?ﬁ%{%{gﬁ% %ﬁvﬁr%{ h%% % a{%rf%lﬁﬁ Ceved
el enent dytal least bive of iRl lusliyrdlasitdrmarelementsr TiherpriRBIdRBEY rezeler altbe
recei ved RFID si gnal ave characterjstic wavel ength. The .

51 ur gy B Rn REFBrBn T iir b bipm B 375 % afefineda

el emant diedtich Femahd RIMDedAderab ermiticuldRFID d&licadt B8 ac’)r eREatR[ANd

t he secgpd, antenna el enent are spaced apart at a distance of |ess

t han oné®M¥PP- of the characteristic wavel ength. The portable RFID
reader also includes circuitry to electronically steer a beam pattern

of the gghdsy AnaticsPpagiodldr porBBRaU D vekber ihekaby 8f Bildasandbiagnd to
determne a directign of 20 a particular RFID device of the one or

mor e RFITSIEE0g eqiuralityod gnisanageiesantstto reneita R/ Risigarlsifion are RFMDre
devi ce MP%idAsUITHe rb¥eiftd R'E!E[B)sgfn\é} el &Eﬁ#gaéria‘?d‘ﬂéweﬁgﬁth.‘ 4hst
one first RFID interrogation sign roman antenna array oOf a

por tlabl eRelitp of eaigena entatircidesatieast iarfitslatdsnra plemeal any acskecond

ant enna A i receivi a first response

ol AR e e TR APA Y AR oliert 853 1 SEYS T Hhibld FReRRY D

reader Ispaatd bpastt adistarsde efiiésnthan eheaiftof tie tiraastistinwaadieryth amte
f the ant The thod furth

by a second a el enent nn rray r
el udePoREPE Rt I Rar SRmindhiEs SISy AR or el Piest 3 feagohaitom of e
si gnal raeed ¥A@nhY a9 bakb§ bnané pstid,cel @F‘T@ﬁéi?ﬁ’éléi ah8 € Hbtehhinces @R8N of
signal received bi\_( t he second antenna el ement. The nethod al so

i ncl2lded Restigiian REWydavier pf BecameordngrdRFIBydeyas: m ni ng a 30
di fference between the first response signal received by the first

ant enna (g Avhe dfﬂtﬁ:aftih%%tpefrﬁ’éﬂ%ﬁl DS afBRE aMiGaly JrikEIBREAREs
antenna el ement. The method further includes determning a direction
f r om t hd"Pefasatsnsinaaitead anefirstdR i IReintesiogatien sigpallirere wincanteseaTanof a

the sumcsrapR) RAMF:AE: Aihd EHRRARE R0 iRt pRIPIRPG: i3 BEHIARS The

activating an indicator o € porta € i ndi'cat or
i ndi cat esethbe altiorindudemreceiving a first response signal from a targeted RFID device

25  proximate to the portable RFID reader by at least a first antenna element of the antenna
array and by a second antenna element of the antenna array. The method further
includes determining a sum signal by summing the first response signal received by the
first antenna element and the first response signal received by the second antenna
element. The method also includes determining a difference signal by determining a

30 difference between the first response signal received by the first antenna element and
the first response signal received by the second antenna element. The method further
includes determining a direction from the portable RFID reader to the targeted RFID
device based on the sum signal and the difference signal. The method also includes
activating an indicator of the portable RFID reader. The indicator indicates the direction

35 tothe targeted RFID device.
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5[ 0007] The features, functions, and advantages that have been

descri bed can be achleved |ndependently I n various enbodi nents or may
be conbi nd¥P tHIPEE%t her enbodi ments, further details BETRRAKOATE
disclosed with reference to the fol | ow ng description and draw ngs.
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port abl dem'innomMaﬂaw;ngg‘:OOll] FI GS. 4 and 5 illustrate si rrul ated sum
and difference antenna patterns related to the antenna array of FIG

2; [0012] FIG 6 is an illustration of a second particul ar enbodi nent
of an antenna array of BRI PESCRIRAQN OFTHE.DRAWINGE FIG 7 is a

circuit diagramof a second particul ar enbodi nent of a portable RFID

reader ; [G0OBILF]G.H is.a Blotls dagrarh lofi atiksttpaeticudr embduimenierd é)ﬁéltlérﬁﬁncludmg a

enbodi ment_ of antenna array of a portable RFID reader;
portable D reader;

[0009] FIG. 2 is an illustration of a first particular embodiment of an antenna array of a
portable RFID reader;

[0010] FIG. 3 is a circuit diagram of a first particular embodiment of a portable RFID
15 reader;

[0011] FIGS. 4 and 5 illustrate simulated sum and difference antenna patterns related to
the antenna array of FIG. 2;

[0012] FIG. 6 is an illustration of a second particular embodiment of an antenna array of
a portable RFID reader;

20  [0013] FIG. 7 is a circuit diagram of a second particular embodiment of a portable RFID
reader;

[0014] FIG. 8 is an illustration of a third particular embodiment of an antenna array of a
poriable RFID reader,;

[0015] FIG. 9 is a circuit diagram of a third particular embodiment of a portable RFID

25 reader;

[0016] FIGS. 10 and 11 illustrate simulated sum and difference antenna patterns related
to the antenna array of FIG. 8;

[0017] FIG. 12 is an illustration of a fourth particular embodiment of an antenna array of
a portable RFID reader;



[0015] FIG 9 is a circuit diagramof a third particul ar enbodi nent
of a portable RFID 25reader; [0016] FIGS. 10 and 11 illustrate
simul ated sum and di fference antenna patterns related to the antenna

array of PY@0I0890¢017] FIG 12 is an illustration of ZCTESHIK020759
particul ar enbodi nent of an antenna array of a portable RFID reader;
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of a fourth particul ar ment of a portable RFID reader; [0019]
FIG 14r¢3desn illustration of a fifth particul ar enbodi nent of an
antenna array of a portable RFID reader; [0020] FIGS. 15 and 16
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the.ant SoigF TR 8 %dafﬁ”ﬁé@t‘%“"t%&%tfﬁmm AP SRR G AiPadiEhd SRt o1 8

si xth p@Dﬁﬁbbl&ElDer@Bdﬁl‘,nent of an antenna array of a portable RFID
reader; [0022] FIG 18 illustrates sinmulated sumand difference

ant enna [ﬁ?ztUL?T@ {£had QQ littﬁtr?fée3|%teﬁ@@ﬁuﬁrefr@d iff reﬁ!:@angﬂezjm ﬁé"%&tgﬁﬁﬁgﬁmd

FIG 1971s lustration a seventh particul ar
ant dfina tatheagntefinaapey vhbl@® I D reader; [0024] FIG 20 illustrates
simul ated sum and di fference antenna patter ns related to the antenna
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particul'a an antenna arra
r eader ; portable RFID reader;

[0022] FIG. 18 illustrates simulated sum and difference antenna patterns related to the
antenna array of FIG. 17;

15 [0023] FIG. 19 is an illustration of a seventh particular embodiment of an antenna array
of a portable RFID reader;

[0024] FIG. 20 illustrates simulated sum and difference antenna patterns related to the
antenna array of FIG. 19;

[0025] FIG. 21 is an illustration of a eighth particular embodiment of an antenna array of
20 a portable RFID reader,;

[0026] FIG. 22 illustrates simulated sum and difference antenna pattems related to the
antenna array of FIG. 21;

[0027] FIG. 23 is an illustration of a ninth particular embodiment of an antenna array of a
portable RFID reader;

25  [0028] FIG. 24 illustrates simulated sum and difference antenna patterns related to the
antenna array of FIG. 23;

[0029] FIG. 25 is a flow chart of a first particular embodiment of a method of using a
portable RFID reader; and



[0026] FIG 22 illustrates simul ated sum and difference antenna
patterns related to the antenna array of FIG 21; [00271 FIG 23 is
an illustration of a ninth particul ar enbodi nent of an antenna array
of a port AP VKPP eader; 25[0028] FIG 24 ill ustrat eSCEUSULHO9TISUM
and difference antenna patterns related to the antenna array of FIG
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2011/ 08@@6@@@3@@2@@@020759 5[0030] FIG 26 is a flow chart of a
second particul ar enbodi mrent of a nethod of using a portable RFID
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20 technology can store information identifying each bag. The information can be retrieved
using an RFID reader. However, rapidly locating individual bags within a cargo hold of
an aircraft can be difficult with certain RFID reader technology. Locating individual bags
can be especially problematic where a large number of bags are located within a small
area (such as a cargo hold) that leads to multipath return signals. In such

25  environments, determining a direction to a particular bag using certain portable
handheld RFID readers may be difficult. For example, when it becomes necessary to
pull a particular bag from an aircraft that is already prepared for departure due to a
passenger associated with the particular bag not boarding the aircraft, airfine ground
crews may be expected fo quickly locate the particular bag to avoid delaying departure

30 of the aircraft. If the bag has already been loaded, the bag may be located in a tight
space of the airplane cargo hold along with many other bags from other passengers. If
the bag is waiting to be loaded, it may be in a stack along with many other bags. When
RFID technology is used, each of the bags may be associated with an RFID tag. Each
RFID tag may respond to an RFID reader making it difficult to identify the particular bag.



25environnents, determning a direction to a particul ar bag using
certain portable handheld RFID readers may be difficult. For exanple,
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difference signal. The phase of the difference signal switches by 180° when an arriving
angle of a return signal changes from one side of a pattern null to the other. The phase
is easily detected by comparing the phases of the sum and difference signals.

25  Additionally, the phased array antenna electronic scanning may enable discarding
muitipath return signals so that use of the portable RFID reader in an environment with
a large number of multipath return signals is improved. Further, the portable RFID
reader may filter out responses from RFID tags that are not being targeted or that are
from unexpected directions (e.g., not from a general pointing direction of the portable

30 RFID reader) without rewriting or modifying the RFID tags. Accordingly, the RFID tags
can use industry standard RFID technology and data enabling multiple parties to utilize
the RFID tags for identification purposes. Thus, use of the portable RFID reader in a
confined compartment, such as a cargo container of an aircraft, to locate a particular
RFID tag (e.g., an RFID tag associated with luggage of a particular passenger) may be

35  significantly improved. Further, the active phased array antenna system is relatively
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response si lgnal s 154 fromthe RFID devices
generated by the active antenna array 112. The control circuitry 122-123 may be
30 controlled by electronic steering circuitry 128. In a particular embodiment, a waveform
generated by each of the antenna elements 120-121 is independently controllable using
the control circuitry 122-123 to control an overall pattern (e.g., a first interrogation
pattern 142) generated by the active antenna array 112. For example, the electronic
steering circuitry 128 may include the controller 130 which may send control signals to

35  the control circuitry 122-123. The control signals may cause the control circuitry 122-
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114-116. The antenna el enents of the active antenna array 112 nmay
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2011/ 088009PCT/ US2011/ 020759 5 123 to nodify a phase of a waveform
gendbat §a03sy Tat poeable RAID ehdeht0antag ek aﬁbledle Itk S stlrz':\(blrﬂ:ﬁlflry 1%@ Mp@i Suyn
an anplltud af, .t he vef or m gener at at ne of the a tenna
o1 emont STy f24 e A THBEE o TB Slofel BeStmitns BRR el Sshansa Hiatlen or
t he \NaVan@rumnglh@rn@lﬂrpétﬁ r&@\ﬁbé%u@é&@@f&a&@@éﬂ 5y 8Rr dMeni elehfnbefrn-

pattern fromthe active antenna arra 0038] The portable RFID
reader 11@3 afée astvs arﬁ@?%@rf@m@%uﬁh%p%@bm IRFgademid29naY 8lsedusuds

Toq (1Y (e YRGRTRE oS RIIRRDIRMINTELAR diendE hlay $950FRE fteAlRlS

154 (|nclud|n t he nu esponse signals ecei ved
ant dAna cHreity rif2§ maobe ma&ra@fe homet@rmmee (hffﬂrentrtaSlgnalat;etweaj th‘Eh%FID

port abl e ffer nce .ci.rcuitr
196 coudra s TRERL I hosRe By hel FSNE afiehh R RgnE L6 6 Hrs
15ci r cuiantgnnb2dement 120)perce @ rtursreohath@’ramt@:awaateldm‘efnazlr @g.cthel geahd
bet ween tFe RFHD res se signals 154 received by one or nore of the
ant enna BEHER'SMER! 8? the first antenna el enent 120) and one or
nore ot her antenna el enents (e.g., the second antenna el enent 121).

[ 0039] Toess¢ Thtrcohirelier 130 may clekbrohicallyi stadd bé@rﬂ@fatt@rrb@@ﬁr@@ﬁttﬁﬁﬂe
generated by the 20act|v antenna array 112 (e.
o BT o GRiYSAMSAS GFAY 113)(C BaguesniHESGRIE! Etam JAS) baRbcan e o

si gnal , s@nabaﬁ@thé&ﬁ@&nbé%ug%nb? ebtc 'u'éi@n@'tﬁé on{?& cir@éutrg)ﬁ 202G Gaepna

el ement 120-121. For exa e, the controller may determ ne a
directi @Wtqﬂf@rﬁlefﬁémpb?r&é% eFRF‘?)@”ﬁ@@déﬁ C@OQOHQB 1§0|cfaw fetgrminermAyirection

device ofyni fife &Frt}éBl@ﬂﬂler%o‘eEﬁP%’i g%gtﬁ:uiag{\qﬂd dUVRle F9RL RO HefRAL that

T0|Ilustrate e porta
respond to an interrogation signal. To illustrate, the portab]e RFID reader 102 may

25 transmit a first interrogation signal via the first interrogation pattern 142. The first
interrogation pattern 142 may be relatively broad (i.e., have a relatively wide
transmission angle). The first RFID device 114, the second RFID device 115 and the
third RFID device 116 may all respond to the first interrogation signal by transmitting
response signals 154. However, a user of the portable RFID device 102 may only be

30 looking for the first luggage 104 which is associated with the first RFID device 114.
Accordingly, the portable RFID device 102 may access the memory 134. The memory
134 may include an RFID device identifier 136 indicating an identification of a target
RFID device, which, in this example, is the first RFID device 114. The controller 130
may determine a direction to the target RFID device, based on the sum signal, the

35 difference signal, or both, and the RFID device identifier 136. Excellent angle resolution
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25transmt a first interrogation signal via the first interrogation
pattern 142. The first interrogation pattern 142 may be relatively
broad (i.e., have a relatively wide transm ssion angle). The first

RFI D devi ¢EO2814/08800 second RFI D device 115 and the thiPCA/URFIIDOWEDI ce
116 may all respond to the first interrogation signal by transmtting

v 2
oy oty B B O B St Bpe S A% B P RiTal IR bR
with théhe ﬂﬁ@feﬁQEIS@fwéQWti@@l‘tﬁO ﬁ@dmrdsm @'dlfferfmopqraﬂam BUIRIRILB previdiog

102 may i, c The nmenory 134 may include an RFID
devi ce | @I g%%ig@mﬁ%frég (ljnng an identification of a target RFID

devi ce, V\/m ch, inthis exanple, is the first RFID device 114. The
control I[@&‘iﬂlmendqtedemm dhfetatiouiti todloe tavgett RF IDhdevia, gfes ccRFtthedeI\?lﬁ) amy

b d 5dj f f rene nd . the

ot b doaehB S ATaRRHIR nedd Pailat b S21 SRRt bertEnis M 133 that

2?11ﬂ08&)@&m§w%dnﬁé1ﬁédtc&wa5we Eﬁrgest WIDNdeﬁﬁda baf cﬁm@g RfFIfED Hbﬁc@h%e&)r
e e o0 e | erence Ssi

ovi t CeSXalol 458 fisClofestaaetiof PartRine 145 BV batressh aRGEVE Fslropian 41 Higt

hi gh angd gertamy téwa@@tﬁmpmraé\h@ém{aﬂ%@hsféf r%% ?gt:wgtraté%@rrst

direction to the target RFID device, the contr may generate
an adapthteBosiion Ratlere A2 mayde diseqierd aseerehyialons @rpaieing dreqyan véthe

143 thﬁvbﬂ%gbﬁ?ﬂ%ﬁé{%m? A@%tﬁgﬁé%@;g nqut%lst f!%ggx% IJ?E% (ﬁjetHé%Srta e

rst vice nt er rogaton
pat tlér n RFD reagers®)Zomeypimplethenbadaiveibeaot foomirtyté gematate shegserandl | y

oo o BBt 43 Wi S cPeflon s dihe IMIBlRR! e AR e o
directi @evmé 1tthe R@pbabé sigRElsna\eké @alazghfbg a{gﬁ%ﬁ%};bﬁﬁtﬁ@%@?f@@éﬁ@

bl 15
éggp? .r Sé’r ﬁsﬁw I F@w&@ﬁ%gm tﬁé%‘é@o‘ﬁ@ﬁ%@&?fﬁ Baté?mot%aw Bfn
143 whi ¢Rrad&r thai th@‘t“tét%e%éatﬁﬁﬂ%’t%‘rﬁ Y45 QWA rehyf @@?éﬁé@hy &Fé&e&i?a%s

114. Response Slt%{a S may be received in response to t he second
i nt Pr odfa taseetpd FéDrdem Eeyvemeaspona@mr@is mey hegectived Bueaponse to the

i nt er r ogath NG dRkibn baGeTYa L eTARL SIS rp 5 ¢ 102" Ry iteratively repeat
Iﬂ%é general T ected ¥ oward

i nterrogation pattern and ma
determining a direction to the targeted RFID device and adaptively formlng narrower

and more accurately directed interrogation patterns to further refine the direction to the
targeted RFID device. In a particular embodiment, the iterative generation of

25  interrogation patterns and determining the direction to the targeted RFID device may be
performed by the portable RFID device 102 automatically, in response to an input from
the user requesting a direction to the targeted RFID device.

[0041] The portable RFID reader 102 may also include the direction indicator 138. The
direction indicator 138 may indicate the direction to the targeted RFID device. For

30 example, the direction indicator 138 may include a visual or audible indication that is
detectable by the user of the portable RFID device 102 to indicate the direction from the
portable RFID device 102 to the targeted RFID device. To illustrate, the direction
indicator 138 may include an arrow, a display screen, a light, or ancther indication that
conveys to the user of the portable RFID reader 102 a general direction to the RFID

35 device 114. The direction indicator 138 may indicate an azimuth direction, an elevation
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20 the targeted RFID device, fewer response signals may be received
In response to the second interrogation pattern 143. The portable
RFID reader 102 may iteratively repeat determning a direction to the

t ar get ed REPRPIAEFOLL and adaptively form ng narrower aR§TH5RM1/020759
accurately directed interrogation patterns to further refine the

di regt i Qfrekford, %@ah%gﬁibﬁ%tﬁﬁ'ﬂ%r@sw | &ditidrhNg, WRES iHe ;#&fab@igﬁﬁj P&fYer 102

the iterative generation of 25interrogationh patter and determ ni ng

t he di r dleratyghtasnerneics aﬂgeu\ednmogaa@vp@eerna@ndeietmnﬁme dirgclidreto the
port abl &l | from

the use(rTa eqétzjaelgfl\'l'j g&lﬁ%?%gﬁgon%t'g&% %t%ﬂ%é‘ @&@8@?%53%@?%%%[%841]

The por ttaigetedRFD de\ackeas iridi?e mayuratesiofarmalkionl & ddterndinegct i on i ndi cat or

138. The direction indicator 138 nay indicate the direction to the

t t e iaon_i.ndi cat 8 .na
el e 1a0%) FrEREHERIe SR GARETRS Fray i, 58 pIFalitaRE B2 it TR
of tibe plevicabld® Ry Rodine inpuilfidn the um‘ltgaig?tafyhtgadﬂammlar@argfetmﬂmte

t abl RFID tar evi ce, [ate,
e o Siebihn R hrERpE: hesBPHLgay Ml GisdnioAmaPesaiorss i Ba R Eaisan
light, aderifiet 186 siofst Patht Aerh&Fi1 320 MRYIBpEIIdvite v&eﬁqagpfalémcigeé faabl e
RFI D reader 102 a general direction to the RFI D 35devi ce 114. The

di r ect | dHIGai@r OHhesCeyiss tadpjtiata dntedpeation oftherRHD devises il b 115r{e g. to

oo A A R AR S SR Pl e

i t erlat i VidByangesudbsagesntaniapogation watarmsag@wmmgu@m?mamdt_odg_ﬂbm{mg:ies
| I I cCa

135y Sheaity iorkRfeh et RS 8 i e P bR 157 ore

accurate information is determ ned. [0042] The portabl e RFID device
102 may [B0460 ﬂha@cﬂ%aaﬂenhapa‘eydéﬁimey memdem riunpher of 26tetiesictam&rd and

i t.h t th ar .ta ed .
eSS R B i 6 B A B 1 e
Ejhe RFI 3n@l\/32 'rﬁﬂghd@bblﬁolneblela?ﬁi istablceid effaactlwt?rﬁy ﬂ%&dﬁmmalétﬂme JFEﬁ:tibﬁ{&Nthe

i I.NC e a tri er or other evl ce olntlate
o oy o el BRI fevifes O Gilysae 198 40iBnas elbrhents 120 el G thactie st

i nterrogatdim d}?éd\} £f L“m!aﬁ%etébaegd 888kt by aldiStaREs BNsh RAY (Er%gﬁ’éif 8
pattern 15143 and subsequent interrogation patterns may be sent

aut omat ,c@grqoyerts@cw\(ﬁvemgth t59.n &he characteristic wavelength may be the wavelength
156 of the response signals 154 expected from the RFID devices 114-116. |n another

example, the characteristic wavelength 156 may be a wavelength of signals transmitted

25 by the active antenna array 112 via the interrogation patterns 142-143. In a particular
embodiment, the active antenna array includes more than the two antenna elements
120-121 illustrated in FIG. 1. Various configurations and performance of the antenna
elements are described further with reference to FIGS. 2-24.

[0044] [n a particular embodiment, the active antenna array 112 has a first edge and a
30 second edge that is opposite of the first edge. The antenna elements 120-121 (and any
other antenna elements that may be present) reside between the first edge and the
second edge. Thus, the first edge and the second edge define boundaries of the active
antenna array 112. In a particular embodiment, the edge-to-edge distance between the
first edge and the second edge is less than one half the characteristic wavelength 156.
35 Inanother particular embodiment, a distance between the antenna elements 120-121 is

-10-



direction information determi ned in response to the response signals
154. [0043] The active antenna array 112 may include any nunber of

antenna el enents and any arrangenent of antenna el enents so | ong as
t he port adY@2Rt0$508% ader 102 remmi ns snmal |l enough to bECEESULPWTENI
is able to effectively discrimnate the direction to the 20 targeted

RFI Dsdeyh&Rsired Qerltbd t'ésée’h?érewﬁglee APLABPE & §%EF\§ ofpfsnt %aeprjefe%rl'fﬁ an

active antenna array may be spaced apart a distan
t han onéffaslivie esnter Qrwaqaeartrtom pethe@anieivel &imeht 1@& anteena h@mmrttseﬁ%{l 2é

wavel en t th n

b poct o0 e ool JKELENY. TP Gl Afud SERRS By 8 AR fgfer
char act elrstamloer) lasavibhe pgt half B6e dwabtenatlclwaeélem‘ggh H56f Iispgnialiar, the
transmtt 2 t he active ant gnna arra 1 ia the ipterrogation
et or nelsiepeidh Rt dGrRT b Enna RIS e e o BBt e o g
array i @ﬁém@msn@m\/émmﬁ e etV eadlitermisst hriMPRicterddibls Iefbr td Antehnat ed
in FIG 1. Various confl guratl ons and performance of the antenna

el enent Slefp@ntg dstyegieuhic m%ﬁh%ﬁmnﬂeﬁ@%ﬁé of therative apteyma grmy U2
In a partdigal! gpr br@t@tdfﬁén& 8Cthb \LRitMaed ﬁ{ r?y) ﬂﬂﬂzmgg%ean%\‘vééﬁ
the ftir

edge and a 30 second edge that 1S opposite o st e
ant enna o8edalfrang aregfounth of ti?@df:fmﬁqct@tlﬁ@rwwmia 166 elreapsrtichlr may be

present ) n{eb%gﬁﬁgntbﬁ{e"@&@n%@& tfh'eraé')té SRERARAL 150928 RN LHBE onFTGrn bR

first e nd t he second edge oun aries o
ant dfna chara:;ertslzﬁ walvaleagtta‘rﬁﬁ Clebrasxaernide dhaeistandehsf tiesl getehna etigeents 120-

di st anc et we e first_e nd th nd ed e I.s. |l ess than e
nal {1t hd2d TAEER BP MG Olp B AR Presao NS sty Aaerisji # eerath 156. In
enbodi nerdarticulal shBodimeBE ine 8idtdrize (ﬂlﬂi@ﬂlﬁ@nﬁé eEidriis 120-1221s ie8s thMA one
2011/ 088009PCT/ US2011/ 020759 5 measured center to cent er, where a

center &IGHH theeharaeiestichuavelergih 86 For gxamples theudistaace ehiherardgenng
centroi ‘élé?ﬁeﬁt@eiz@f‘ltzquﬂéy s&% GEiken @#bee.g fl‘ﬁ%ﬁﬁo% S9RRhh drafls LhdralR¥ishe

spaced at a distance (1-.e., stance or a
cent28r - tavelemgdr 1%6. stiraamﬂlduwﬁmwmen’e tﬂmd:enterh@ ahderatisteancess of the

o ement Sy ster Bl a4 Rlenptoinilel) G Bionl B PE e st n.

wher e t heavelgngtim®ds@. ant enna el enents refer to antenna el enents
bet ween which the other antenna el enments of the active antenna array

112 resi 1 FO I e dj stanc a ele S -121

vy bo. tiifsL EPbRGARAR e uhaforthe bBNSGe R bRl ARA R AT e RF DD ae3e

wavel engtﬂelkntliléﬁ‘! 38 ?szmepgrrgbted}:iﬁm @@iﬁ@ﬂIf@mﬁamﬁl@,&hdﬁlﬁétﬁglhdﬁwdehﬂ4 using

ant enna el enept s is | ess than one r characteristic
oo P 5, MEEROS g 733 e Usbt RBy Y Hen bl R0 astr 108 enerall

120 1230w the RFDWRSIReNE 4106 drly @6%@“95@@&% thpot déNige 132, that an

characteristic wavel ength 156. In a particular enbodinent, the

di st ancdtgrogaion-gigra iashauldba®sent 20- 121 is | ess than one eighth the
characteristic wavel ength 156. For exanple, the distance of the

ant enna (648 TAE RABGeAddr ﬂ@ymeﬁtraﬁgeﬁﬁ%ﬁb %@w@ér%&é‘ﬂioﬁ’b‘étt@ﬁﬁ@z ér?e?azmn

of the characterlstlc 20 wavel eng In a particul ar enbodi nment
t he centhks peistieg diregtion; Kdofdle ppriakle PeﬁiDe*ﬁa@ere Qé.’néntrgsmemiha first

apprgXi MREGLYatipatet $82 e HrbMRVRAAMAGL £id Mb) SeXEHR! R85 e'S8nals

154. The response signals 154 may be relatively broad, generally directed signals that
propagate in many directions, including a direction 158 generally toward the portable
RFID reader 102 and in one or more other directions that may generate the multipath
return signals 160 (e.g., due to reflections off of the walls 162 or other return signals).
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[ 0045] In operation, the user of the portable RFID reader 102 nay

i nput the RFID device identifier 136 of the targeted RFID device, for
exanple, the first RFID device 114, using 25 the input device 132.
The user ™9 2p3{0B%00% he portabl e RFID reader 102 gener alPICF/asauna/oz75%e
RFI D devi ces 114-116 and indicate, using the input device 132, that

an it erﬁlﬁﬂ?ﬂh@@e?ﬁcﬂ‘%@lm s by B’PeﬁIGHEJaﬂ{ r%%f{g]stgqe-ﬁ% ﬁﬁ Rap %qﬁ{:elgigg

may fransmt the Tirst Thterrogation
poi nt i nydhe estensa clements 2R Ztior’t'faﬁum RIFCEtry dademayl@élermlne ithees pamsdignal

to the fj ok r tern 142 RFIDdew

my sondEbe PR EEHRN. P A8 et s il higRbY T8k s apt”

rel ati velifferbnoasignale mexyalbd wodrideeabelﬁb Sd)r@tﬁﬂleNBbatrhérc@ﬁ@@&ira 30MARHYe
directi i nclu (ﬁ)ﬁnI%adJre on, 158 generallé toward t he ortable
RFI D r e dtR SUTGICAIRRCR RIanglS EITBINER SanPiettirestion pkarchie yeRiadt o
t he 10ul RMBtdRVidL (erd), tﬁbgirﬁét'ﬁF@%v(c% W%cmg coftrbRdr! 1Bl A Ser bnbr ke
walls 162 or other return signals 2011/ 088009PCT/ US2011/ 020759

5[ 0047] Sigels @sthﬁﬁ%’"%h%fﬁaﬁ@ 1?@41 thﬁéntﬁmnmq&@vﬁntﬁéﬂarﬂbtpw@pﬁv%o
may be t

e i L T

det er m férectien 3 fowasd dee tse\r@tadi RFihaleyizam dihe srﬂcbhtérrémcmalogrmnermm

be provi h trol e the sum
oo 1 ol & PEnERgt el SiahiB mor R TpBRIHAR Y etdte R BIER e

t ar dét ﬁd\dl‘ﬂl@lﬁlaﬂ)j ,dee co:et&cﬁlker a30 nﬁd]ﬁ)rbml‘cistlnfﬁrrhﬁlcﬂﬁmihthé dilréét)onl imBieator 138 to
controll er nd. one or re s a o the control _circuitry
122- 123 95t %aar#wrﬁao g]eelr'?@ﬁfré&%é'ﬁ'gfbggfr%‘:t!?('i‘dﬁtﬂi“\"/@rQetfagﬁﬁ|Prf@V§7@eond
i nt er r ogathen tRatbFaliet 430 ki rﬁbré ﬁwéﬂ)ﬁﬁmﬁeaddglé Qibér@rﬁﬁw%ﬂo@bf)ﬂﬁ% ddtGe
direction 145 toward the targeted RFI'D device. The second

i nt er r oGAESBR PEY Erusing thessortirgl eireuitha i 25183 to eegvopiptietessingrasreturn
finely tar@e! rekBel %9?8‘?&’(‘85% Bl Vi G fthe ' RRRALA ll%'ﬁ%v!ré’rd tltlg'gar%etted RFID

controller 130 may provide information to the direction in
to génedgrisean out put to the user indicating the direction to the
targeted RFID device. Further, the controller 130 nay nore finely

tune an t i 1e
e, ST ERROEAED BBkl SR AN SR B Aol dghlts
recei vegaftemsiid mwetflnelysdajedmne theadirédiion do trectargated &5 |D dekicd, tolimprove
target e%ng’:el fg?scrimination of the received return signals, and to provide additional or better

information to the direction indicator to point the user toward the targeted RFID device.

25 [0049] The controlier 130 may filter out the return signals that are received at the active
antenna array 112 that are not from the targeted RFID device to facilitate determining
the direction to the targeted RFID device. For example, when the first RFID device 114
is the targeted RFID device, return signals received from the second RFID device 115
and the third RFID device 116 may be discarded. Additionally, the multipath return

30  signals 160 may be discarded. For example, the controller 130 may filter out return
signals received from an unexpected angle (e.g., an angle significantly different than the
pointing direction 144 of the portable RFID device 102).

[0050] Adaptive beam forming can be used to dynamically adjust angle selectivity or
discrimination of the portable RFID reader 102 in a muitipath environment by reducing
35  sensitivity to certain directions of signal arrival. For example, the portable RFID reader
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20devi ce. [0048] The portable RFID reader 102 may iteratively
generate additional interrogations patterns to nore finely determ ne
the direction to the targeted RFID device, to inprove angle

di scri m na¥PéM18%¥%he received return signals, and to FCAHSE1/020759
additional or better information to the direction indicator to point

the yser1opgHay dsé B@néﬁiraeé@%ﬁ%bﬂna% EPnuIPhSd sﬂ;;hszscreﬂém@& hrSFn AP

may filter out the return signals that are received™at the act

ant enna PaFicaiar irgciiont Thiyse ”ﬂﬁ)POﬁt&W F@%ﬁ@je‘l@@dﬂwbe)ab@ﬁpdecus)on reéurn

f I V] or

exanpl ¢ GREn LT Fa/Bel ST bt 0 b PR BENEE, TR 4iEh: oo

return ﬁlsgwmllsatmdemédmfdnmmtmﬁacweeleq cti:el-‘&lélem! d"esrearehlﬂxgi'oorahd tz?]rgeteHPRF L)
dev d t t t t

S0si gnal s b0 i PO <bakaSMer AFI HhiRE: (ot ' Soneearval o

filter @jetnceet'ltlsmﬁ)gnal s recei ved from an unexpected angle (e.g., an
angle significantly different than the pointing direction 144 of the

t abl d 1 Ada ive, he formn an_be
Poed to TS Rob S¥arBieafel e trsh ErEatoh Poley 1 R Py e BB iapersate
por t abl eyRh¢ Beiivvagittendfarray 182 @u"dssmtéht@élgpém fent ml?a\/re'lﬁﬂléﬁ/'v(?@e beam
35sensi ti vi Fté%ll'é'lr certain directions of SIP%?a arrival. For exanple

the por PAHP 5tiogs @b pUbSREUSHMRItIREED GYATRS LS ac0NointEsYostiorp pagm
use signab, @ér@ﬁ@%ﬁﬂcﬂﬁatéoeﬁé‘é@d%lﬁénélé’s BP%{#WHI ptﬁg%ﬁ%%ggﬂ shrel gﬁ?&if"tgg

from any partlcu ar direction. Thus, rea
be dBl e regpanee$greis 124, JGA agydg:mss@ly le&emédnidamfwrmeth@lt&@etecblﬁﬂﬁ t he

t ar get egyq Bﬁggs é§t‘ﬁ REES c?edldgﬁ'@e? 1% ng P %Q@Héé)t]egurges[(@{f ~°R|l£$‘b 160

di recti ons can al so be use I N searc
devi ce iftom hecrparaeeneeleuﬁemaﬂg @theay BEIsB)ﬂee!\byczeenIQEsel@ha@@am@edﬁsw@r@

and third REI.D 10devi c 115 6 0051] For, exanpl e, r the first
7t er r oG AT CTP FOMP 3Bk O Fepppoalionil s FaRaRa b gndh &'siminason
ant enna imtheadireklign actesargie€RFID gegbati al front in a relatively w de
beam pattern. Directions of subsequent patterns, such as the second

T R R T o T S A
and possinBlsitd Bbes MRlyl K priodesdd by tHidadtg ahedritrhyRHD The position and
gain of the lobes can be controlled using the control circuitry 122-123. Different
patterns can be used each time for the subsequent interrogation patterns until a
direction to a targeted RFID device is determined with sufficient certainty or accuracy
25 (e.g., based on a predetermined or adjustable threshold).

[0053] FIG. 2 is an illustration of a first particular embodiment of an antenna array 200 of
a portable RFID reader, such as the portable RFID reader 102 of FIG. 1. The active
antenna array 200 includes a first antenna element 201 and a second antenna element
202. The active antenna array 200 has a spacing measured from center to center of the

30 antenna elements 201 and 202 of approximately four inches. Thus, the active antenna
array 200 is small enough to be usable in a portable RFID reader. For certain RFID
applications, signals may be sent with a center frequency of about 915 MHz. Taking the
speed of light in free space to be approximately 2.9979x10410 cm/sec, the
characteristic wavelength of these signals is about 12.9 inches. Thus, the center-to-

35  center spacing of the antenna elements 201 and 202 illustrated in FIG. 2 is less than
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device, such as the RFID device identifier 136. The received return
signals 154, 160 from each antenna el enment 120-121 may be shifted by
a uni que phase and adjusted by a predeterm ned wei ght factor, or a
conbi nat i WOBH1BHOPY t 0 i nprove angl e discrimnation i nPCRASA1L/BWII%N
of the targeted RFID device. 20[0052] A controll able beam pattern

i ncl tsdl %e%éﬁ#&e‘l@%ﬁ% and mo%ywafé@eﬁméf ﬁzcﬁléll?}rﬁné‘ érﬂoed;he.%%%e

may be produced b active antenna ar |on an
gai n of signgld l@ﬁﬁ@d wuiets signals siceyad byithe at!tmnecﬁi&memtséﬁon a@nidt202, the

122-123. fe r. 1he subseguent

i nt errogag %‘r? %Jrg%%%%gg h{g §? %@'Hig#%ﬁte Cq‘ﬁ’?' Céh g&bo&otg W%@\?jﬂgﬁt'qr’s
det er m ned tmgeteds[aFfD deioe despitesthatpyesenca et ml.ﬂltmte RH( B dgvicedane thiMipah
predet erm ned ustabl et sh I s a

P Fust  aPkBhPaf sidtilis 213 s sortin dr sayl iRsenet ki G CamiSar r ay 200
of a portable RFID reader, such as the portabl e RFI D reader 102 of

FI Giol. [(Uta] &G VR aanmmm@cerrayfémt aciculdesmbotiinisii o AtpoRAaBlegREIMENt

201 d 0 Th ct t rray 200
e S e L R 580 FETHER a5y SathE ot asrmtaving a
el enment f’ﬂrs%%teﬁﬂﬂ 187 ehf 3@9@&45&%5'8@'86&‘ é!nt%ﬁh'é e|éﬁ¢é?ﬁ%02T|Pié? exéMﬁleaﬁféDé(&ive

antenna array 200 is small enough be usable Iin a portable
reader . aPENN@SHTAM mambﬁﬂi\%la@wec%ntemarr@y gPRpPEFtm 2. e anether wixample, the

center fj |k t

cpace t oL Anelnglanay ity oY Erpp it bilfe SRERaNIeh b ad1rad7 fin
vvavéISeanne]adivetaTésreﬂ$a@maE@0 pEFEbut Td Bustratacthesactifastennbarray may be
center-t acing of t nt.en | e s 201 and 202

T ety et MEREe RG] Gedls 4o o 2R brcr: Us011) 050759
5one half wavel ength (i.e., about 0.31 wavel engths). By determ ne sum

and di fﬂ%h&ée@gahleﬁlﬁfﬂsmddem@malsorincﬁthctmaéwn Badeflfﬁeem%ycmchery 240.
ant enna-el enent s 4\% antenna, arra

oot TR 1R IR b3 AR dRE S ARy BRI S AP a ifSrepge gional

t ar get edo Rirhibradenriteticfi24Di TRe Mi€roRioR&BNEre243f may bbh@b@mBlé&Duéi@MI sidtfals to
and nultipath return path si ginal S, as is described further wth

r ef épen@QBP‘b"qﬂP‘%ﬁn forming central grewiay pf £pel othpenierseralementsi 3Jr30a. ofora
first paxbinpid, &e ﬁfﬁ?@%ﬂﬁaﬁer%z&}nﬁﬁh@i&eepr%%b%r%%’@ phd-sh shﬁé‘?s 211- 212

portabl e RFID reader I ncl udes an active anténna array
first amf mt@nmwm?@h&a deangitlenerample. féemmc@@@nemz may

1P pibf REENRueSLERN, B BTy e 2200 VD RAGRAND s 0.
di f f er ed02sghei pmasefs@rlmB ant magaltuaieesrgmis nBH1be80skd nathe antenna elements
25  301-302 to generate an adaptive beam form that is generated by the antenna array via
radiators 231-232. The phase signals and magnitude signals may also or in the
alternative be used by the antenna elements 301-302 to fune direction discrimination of
the active antenna array. The micro-controller 242 may provide a direction display via
the display 244. The direction display may indicate to an operator of the portable RFID
30 reader 300 a direction to a targeted RFID device. The portable RFID reader 300 may
also include additional components such as componentis illustrated in the portable RFID
reader 102 of FIG. 1.

[0056] FIGS. 4 and 5 illustrate simulated sum and difference signals related to a two
element antenna array. In particular, FiG. 4 illustrates a sum beam pattern 401 and a
35 difference beam pattern 402 for the two element active antenna array 200 of FIG. 2. A

-14-



15t he active antenna array 200 of FIG 2. To illustrate, the active
antenna array may be one of the active antenna arrays of FIGS. 17,
19, 21 and 23. [0055] The portable RFID reader 300 al so i ncludes sum
and di f f er'¥@@@1¢P808%i try 240. The sum and difference ciPCEHS2G1Y/ ORI
may provide a sumsignal and a difference signal to a

m cr @- CQpkFPhlIEH t%@iﬁe?&?cerﬂé%fegﬁ 8OPLE PhiE'= Bﬂi%dféﬁ?ésse%éagm,ﬁﬁggh%ﬁvi%cl:hor

wei ght signals to 20 adaptive beam formng control circu
of the #&eEpR ablaastmnt$0"3a1glgelecikyy foe Rinhp Ireadarmpplidations ioexpenkddrThe

242 j ' - . £t 211-. 212 .h
ant enna SBrar hAFaR8BREs3ERR BRI Bnat 8P BtaR e dleeliois epe
242 may glines ifeeemmegmn sighel begnaksbé prdceasadbg theaRPID faagles. 221- 222 of
t he antenna el enents 301- 302. The phase signals and magnitude

i | h | t 5 301-302 t
aaapt i vd0BL e o3 iRt Mo BT RER AR B RhEe Rled it sy rf il St
r adilat ?rbfeaﬁlﬁfbrrﬁaél usifigehp has elesngnahtenmad BTN ofFB8GS P9 MakSadaBiivelbssms
or in the a

ernat.i ve be used by the enna el enents 301-302 to tune
i recti dreLE R eI SRe BT e ety 200 Ao ARl SERORIPaI Rgarned in Space
M Cr o- CQut HbtRT of2dbduiBY-degRadsde a direction display via the display
244. The direction display may indicate to an operator of the

port abl e RFI O.reader 300 a direction to a targeted RFID device.
The. por 10038 PIH DI AlaLr TRi60 01, Scpus PRRISLIAEmRs oo mIan@sHgo ABIFNSa

] _ )
such as a?@?}@@@%g;aspgr{ésb‘]@ 5‘12% g@bge?,l éid&ﬁ ARk %BhsulB'ﬂrf?g:%aQ&f 1 ddzogf Bk, 1.

FIG 1. 005 : | ustrate sinulated sum an

di f flér erlde agtiys antennalagiey$O0dneludewa &r motannaralement 0, aysecbnd antenna

parti cul I i t a1 a

differ er?zeém%@aﬁzpagﬁéé#%%ﬁgé% @'F ﬁ'lééﬁ §/§§'g}r g?ré%ﬁv%acrﬁ%%géﬁ?% ﬁﬁé hg?r ay

200 of Eb&ing.alohg ANDsPORis/NSBNOAPTIMUSRGL 16 6262581 hetemtenrmudlementst 4!
s excel lent sensitivi

Ic—‘ho]; f g)r(g %ﬁe@;‘#%@&é‘?n%iﬁyl@%gh%egs é)ré. %qﬁ@a BY 2seced axigdpeasured Fém

appl i catcentes to sSerstspeithe Gntehne cldaentsBo2 ard 608 of épﬁfr@ximétél%' R hches. Ina
mtigation, si nce it _rejects_ undesirable reflections and all ows fewer

ret dPn SRgHIErSERRdIT 8N e irgtads spaspendieliaophe saeed axigoihe eplig 5
illustr if pREaM f,

adapti vg&ﬁ%e ggtglrulnﬁ% gﬁﬁégﬂgsﬁ%xgﬂstlﬁig ?‘\%g%é)?emn%%;ﬁ{edﬁﬁg%P rlgglh"%%n %If

FI G 2. eTRegémbe Heable énaporiabieddl IDyrepHer. t Adidonaily nthe antennacelameals

200 can r.onj | P e can.. of about

200 dogr S8T- AU ERRRERY W MERTRE, (hrRBRREy (MhechAd ARaRGuBl L) o

enbodi nmeanfigifraten )adhieverdittean nanfiguratjor6@fohe Bnenpard abéets BBH B03eadbies
RELD reader 102 of FIG,,1. 15 The .ac%gg%%%t epna

such_.as ortable.

e85 OB ARBRREY S S et e TS s NN gL B
By determining sum and difference signals based on return signals received by the
antenna elements 601-603, the antenna array 600 may have sufficient direction
discrimination to determine azimuth and elevation directions to a targeted RFID device

despite the presence of multiple RFID devices and multipath return path signals.

30 [0059] FIG. 7 is a circuit diagram of a second particular embodiment of a portable RFID
reader 700. The portable RFID reader 700 includes an active antenna array having
three antenna elements including a first antenna element 701, a second antenna
element 702 and a third antenna element 703. For example, the active antenna array
may be the active antenna array 600 of FIG. 6. In another example, the active antenna

35 array may have a different spacing or configuration of the antenna elements 801-603
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el ement 602 and a third antenna el enent 603. The active antenna array
600 has spacing along a first axis measured fromcenter to center of
the antenna el enents 601 and 602 of approximately two i nches and
spaci ng alVWRAg01a/088bnd axi s neasured fromcenter to ceRCEUSHLPHES
antenna el ements 602 and 603 of approximately two inches. In a
20passt | Gl RiheSHR08 LARMa & d00f SFIBXBS Fop eﬂahgenme%ﬁteﬁné Qohlthts 701-
second axis. The entire active antenna arra 0 covers less

si xt een 79guaaebe avregedlinedrly ariug different rotol rtconwratgubﬂhemthe actlve
port abl Eﬁd?ed i 0

arrange ﬂrzﬁr’a8 €’ano - |On%fa$g@c§n?ﬁgh!r)§{e{%g§?§%e %ﬁq IS?%EBPB?’E?‘E ﬁ%‘g‘gﬁé‘?‘g'ﬁ‘a
conf i guredgrmemiys.70THd3moay be mifferemtdhémn ¢he spidoiny, afzet hleb@thl efitha aetemmant s
601- 603 nable t tion of directions along tw axes,

r ef erre(? §8e W@%@gfﬁ@ ‘%ﬂbngth and el evation. By deternining sum and
di fference signals based on return signals received by the antenna

el erment 06801 -The Jortable t%irﬁm:emaaea‘im(ammﬂ@srmm maiﬁetéﬁce@remtwwomim

di scrim cﬁ}zlonto(gtermne g}f el evati on dlr Ctl(t)@p
t ar get ed TREPHN A r&B%%P'(‘éJ {) @MYRe MU peralpgd erﬁ%'\‘ﬁec%gna‘
and nul tgrpatH) basédl bA tRERtHY shtahsa el%&[&@é%hcﬁbgitnafaﬂsﬁ aﬁteﬁhé Glnbent 701

di agram of a second particul ar enbodi ment of ortabl e RFID reader
700. Th@ngdheaap@mte‘”ﬁea@e?enm@& H@plﬁa@ssenala d}%eraﬁt:eﬁ@aalapr agth,
havi ng n

 secondoiaruat BUfIE FoeER oha R Sy 68 B b 18y 8G £ 1P Syofd sum

exangl e anﬂrcbfferencevelrmm& ahe agcond/sibe and@hféaremeemmten@@ Ay Pyo\sod

of FIG 6 arr have a
G 11 or et D A REAETE IR siphalio BihiekE-AN AR+ 2R TG

V\;D Izi? %i 1/%%?@8@@@&152@6@1%&2@&5%5ﬂtshanmtekrcd aﬁ%efEe gggmpaztgranayh@oo |
0 Qr exa enna e arrange
! nonr | JOBATE SAGIRE Slegi BN (Aes: ORI SIS SRR UBhe act | ve
antenna array 600 of FIG 6. In another exanple, spacing, size, or

bot h, of[oédig Taetremrtac@itmneﬂmz HH-sEbd gignald® 4tidpties estmtfbaning htentrol
spaci ng, ,size, .or both, of the antenna el ements 601-603 of FIG

10[ @@GO]CW?H%W&S eesh et ieRseemensio’ § hiéPdber %’Eﬂﬁ‘%ﬁdﬁhalf‘F‘F@r%ﬁi‘m@“er
circui trego648y BFHincfe"ﬁhas'é' di @%al@%l‘?&&@ ﬁi:ﬁér@%@ﬁm@ :‘be tﬁlé'atnﬁéhn@%erﬁ@b{ts 701-

determ ne a sum si gna ference si gna , based on two of
t he ant &i¥%a [Blasater exa@mehtf&mqnerwnﬁr@terﬁﬁeéﬁﬁvapr@w@ﬁefﬁtlgmmtq Ibw

q T ) ) :
bt ol ipfiTBele2der 1 anEHR Bleiis 71908 THETFRSE spRdRng DY
pr ovi dedNelght%@misjmumehEe%idw thefanézreracdemienisud G 1F 5035 #0genEnate ssacadagptive

sum.and di ff e eC|r tr rovide a sum,si.gn

o111 oreanL R INRE: 5 raHtell Y, (e 2P et SpR BB d R 0. “rhe

di f f er emtaiss IswﬁﬁlsSarEceweigﬁeéigﬁéle maéh&lsd iof § theuitepitvdibbfieeanyahe antenna
i i remai ni ng,.antenna elenent, in this case

Third aremRats i orams 2 igldiscrTRAtACRdhe eﬁvwnte?n%aﬁam‘yfhe ERero-
si gnal s dtrBfaB42vRaP aRe drovidt BieRhbh Bisplay via the display 644. The direction
display may indicate to an operator of the portable RFID reader 700 a direction to a
30 targeted RFID device. When the antenna elements 701-703 are arranged in a non-
linear configuration, the direction display may include direction information along two
axes, e.g., an azimuth direction and an elevation direction, to the targeted RFID device.
The portable RFID reader 700 may also include additional components such as

components illustrated in the portable RFID reader 102 of FIG. 1.
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20 circuitry of each of the antenna el enents 701-703. For exanple,
the mcro-controller 642 may provi de phase signals to phase shifters
611- 613 of the antenna el enents 701- 703. In another exanple, the
m cr o- contWORYRO388ED may provi de wei ght signals to | owPE&US2011/020759
anplifiers 621-623 of the antenna el enents 701-703. The phase signals

and wei gfije25 FIBa & APMudeatdned ab(}"lirﬂgﬁrt&ﬂfa? %Qﬂ)ot%hgé@@t%ﬂg@aﬁg{r%%r?& 800

generate an adaf)tl ve 25beam formt I's radi ate I've
ant enna cAerrytapleaR hHieader, suel &s 633 portakle dBeeadeyf2ofan@. heiThhat

signal s I { 4 er ive th nt enn

ol onent SRR Yod flhBEs B S R BRSSP 3R AT b pmrn,
arr ay.h ‘Blgé aitrdrdjegginmqir ﬁlehmnd_ 1802, amxys(aj abusrTh atonmaleleenetit 8041 The adtetplaay
via the dis . The directiqn display may i cate to an

oper at oY RN ERAAD RepB EEdteT 0306 1o G et b SpiGnas ety 804
RFI Dode\dng04\irenodtbamadt tersimacdienBitss of dpréQimaasI@ faurindtead Addéscribed
nonl i near_ configuration, the direction display may include direction

i nf or matYiGrTeiarenes ovid Caded charagterisha wayplengh Uredddt sestpimRE R tpchnologies
el evati @oagh§ia%td Ridhed OTHIE tﬁ@%gﬁtbﬁ%-ﬁﬁt@r B cfof 108, RO LR D

reader 700 may al so include additional co s such as conponents
i 11 ust r Rlesdenta 804 @ngddidab lessiiFamone hdk waveength reGabout 0. 3 wavelengths)

2011/ 08 I i i t i of a
Chird pa e pehepEReaar e S A Aert blioqfiaiclerfifiss (g dioinb 3P e

RFI D3r e atannasalernenis8a hanpiet sdabad BRtdDnaederaentlSi2) of lebs anlaboliene
antenna arr.ay 800 i | ydes first antenna el nt 801, second

ot enna BRBRL wavelehdth, Ackprdhai 16 ARoRE Ry BRmaw ke Sindl siough o be
ant enna uehbBlgant fitableTREIRRAIRIBAABA e IRy Bas shdSdiféieRBe BRAGKREed on
fromcenter to center of the antenna elenents 801 10 and 804 (the

out er nodelUEEIGRRE reFRvRhPY iheointapp: elemesiefy1-Bdrthe setrngna areay 800 may
descr | bagvuisliticlet 8GR distrilifatich ot dRIAS bYfilehidfioRIr6ERA IS ed
cnn . S. us, e

by certain RFID te ol ogies I's about ‘Inche
cent28r - eviceriespite fecpregende efitaulipiediMbsde vinasendameltipatbretirg athasignals.

804 is I!-_%?ﬂ; £ e . 8., 0. 31 wavel en

and the cent %Eﬁ?g?@gﬂﬁéﬁn&%ﬁ]\é ér%%‘“%%&até?%%&ﬁrg%ﬁﬁ%% aé]t%rl]%ggaygé(ﬁzﬁs
as the fdongparddbtoahtentiee ehtenpatar@d 20and G2 seygndvidairaprace lderaetivn
802) is ) ess.than about one guarter vel engt h., Accordi y, the

ant enna Jé%ﬁf'ﬁvﬂag@@ %Hﬁ@%m%f Qﬁﬁ? gn %Gs%lt%?‘é”t? ﬁ%a[@%‘r%m%p%ﬁﬁ@
reader . iRy agehas Bamdergs somaaed di fference signals based on return
signals received by the antenna el enents 801-804, the antenna array

800 ve sufficient direction discrimnation to determ ne a
i aar ) SRPRSE 128 pariu i on: REG Seracke o EHENES BB g1 used to
nul ti pl gomirite sltehsearan GuehlakiRld. 8 ehd bAtPRE RIGhER3Ican bEWrERELed @3‘8

addi tional antenna elenents that are present in the antenna array
as sub-arrays. For example, the first antenna element 801 and the second antenna

element 802 may be a first sub-array (“1st Sub”) and the third antenna element 803 and
the fourth antenna element 804 may be a second sub-array (“2nd Sub”). In another

30 example, the first antenna element 801 and the third antenna element 803 may be the
first sub-array and the second antenna element 802 and the fourth antenna element
804 may be the second sub-array. In still another example, the first antenna element
801 and the fourth antenna element 804 may be the first sub-array and the second
antenna element 802 and the third antenna element 803 may be the second sub-array.

35  Other configurations of the sub-arrays are also possible. For example, the first sub-

array may include three of the antenna elements, such as the first, second and third
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conpared to the active antenna array 200 of FIG 2 may provide

| nproved direction discrimnation despite the smaller size of the
antenna el enents 801-804 as conpared to the antenna el enents 201-202.
2510063] WO a01Y88809% ul ar enbodi nent, when nore than t wBCEHSeMHB20759

el enments are used to formthe antenna array, such as in FIG 8, the
ant egna . D~ i

irer aof Sone IERs oo e A HRE s K STl A i IEBe Briergl
first seleneentag.g( the fousihenienraelement B04.d Thus, dhegraipimgsmf s8b3reayd t he

anot hor 5 PR FAs D pad Mp SR sl BS P RURH AN A g g Ty 1

antenna el enent 803 nmay be the first sub-array and the second antenna
el enent [@B3] kHd. 9 Isea Eioauittdiagratreofrmthird grasicul SGmivedimbet dfreepereabde &FID

b-arr | tid | n e | he, fjrst ant enna el enent, 801
ona ohe Waderbod! s BRELRCRE AR 000 il dels i, A8 8 WBhoa TR nbfi four
SﬁCGﬂd antmmagai@henﬁﬁmcggﬁcif% ar’fdsttdrfﬁel’ﬁﬁd sldmant QD‘P&; ﬁémiebr‘atntaﬁ% dlainehe
t he sec S -array. I on ratl ons o e Sup-arrays are
oo oo 80 U i na aamert baS Ahd S0 AManrhgloept Bt  Faceramue. e
the ant epfge th@ﬁﬁé‘bﬁay?ﬁ%fb@ﬁweté&vé laffdnina SRR Sb PR 1ENBT th aM¥her
20111088009PCT/ US20117 020759 5 antenna el ements 801-803, and the
second $YBMRIG: He Aeifre) AR Payhave st WaeH o apsfigyradorof therpstenna
fourth ARaNE opn SRl ditfeltitSnar e SRURIEMU Sl A% 8, For

I 8 an Sl?b f ustrative ané’ not

illustrated in sequent figures are 1
| i mlfi ngxampios e antenng elesnents POEG0E rodalge armeofedlindsrlydr raatioadinaar

enbodi , ortabl.e RFEID reader. 900. Th ortabl e .RFI D reader
500 1 nerahidirafod Ot §fer Sxamdi€ 3386 dre, Kol I 3% frEhiaekiiss o0t-
i ncl udi ®g4andy be tiflendreningn tHeepabing?ite, o lsricwidh@ah@ANa cirtems 509304,
a third antenna el enent 903, and a fourth antenna el enent 904. For

exanpl e, active antenna.array my be the acti tenna array. 800
of P 1906 S RatuBT e lRracH e Ttemin el e o PRy has ik o
spaci ng sab-zeeiybi ghediorableoRFICheadst 80McRides TRt IndGkcdd stiaind &fference
different than the active antenna array 800 of FIG 8. For 15

exartfl e CITEWEY St GRS ethsniirst ayish serpndiawn Bed difiesngedincHivy £41yansk 843
a non-1li i il ; X , ' ' ;

A e R A Ao e el
spaci ngan&nne elemenistal cagh respective svinarrey efenexarage, bedirstsoo6shd | n a
parti cul ' g=Tals I t - f

"ot o sustisrFiOLarRe et ity ARlaRG, Sl dR' B8 ice o ds bespdph e
second segnivettbylibfef fesieardenna element 801 and the second antenna element 902 to form

25  afirst sub-array signal. The second sum and difference circuitry 843 may determine
sum and difference signals based on signals received by the third antenna element 903
and the fourth antenna element 904 to form a second sub-array signal. The first sub-
array signal and the second sub-array signal may be received at sum and difference
circuitry 840. The sum and difference circuitry 840 may generate a sum signal and a

30 difference signal that are provided to a micro-controller 842.

[0666] The micro-controller 842 may send signals to adaptive beam forming control

circuitry of each of the antenna elements 201-804. For example, the micro-controller

842 may provide phase signals to phase shifters 811-814 of the antenna elements 901-

904. In another example, the micro-coniroller 842 may provide weight signals to low
35 noise amplifiers 821-824 of the antenna elements 901-804. The phase signals, the
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20 circuitry 841 and 843. The first and second sum and difference
circuitry 841 and 843 may determ ne sum signals, difference signals,
or both based on signals received by antenna el enents of each
respecti vévQabuAss08y,. For exanple, the first sum and diPCT8IS2H©E20759
circuitry 841 nmay determ ne sumand difference signals based on

si gnal s Wi NGhILYr bBs frr\arr)rffﬁzeS t?'leeérﬁ elg%nf’s@of %_ﬁag&-gg%%tﬁ =y

antenna el emen 902 to for st sub-array signa
sum and adeptive kerre palteaubhat i rad:atam ﬁjtet%ﬂenr‘reearsamvlamdd:dioié 83t884.

signal s I he 1hi ant nna 903
and the gour?' ﬁ%ﬁf@%ﬁ%aﬁ @%@ﬁ %6%2R¥sé § %rln {h?e%%% *E rmi)? I A
The fi r sised by-tlae aaiensa @ﬂ\a&her&ﬂ@Oﬂh’m4$ted:tﬂrrejamlbdwcr:ﬁynaioﬂﬂﬂhhéT’QMehﬁa
recei ved at sum and difference circuitry 840. The sum and difference

ci rcui tf”\/r 40 may generate a sumsignal and a 30difference signal
that are provided to a mcro-controller 842. [0066] The

M crl0- ¢ ¢oena7pThe mirb2carainlised4p magrmécSprboid@(’ha@ﬁ'édt" en mm?rayf V2E] Iﬂié\@%splay 844,
of each of . the antenna el ements 90

|
Cvanm! e Theididelion aBpisfiiey Peicaliyis Sroboaior ol aspariapl Rb T reades 9BR dse
shi ft er gir8ddorBibda RirgdtBe RANbeRNREVORBNIHE @rﬁéﬂnagglﬁme'n'ib Q@P@b@ 'ére arrar\}\ged

exanpl e, the micro-controller 842 may provide weight signals
35n0i se IkdpENTineps caigugstipnothe; diesclipn éﬁﬁbayen@mﬁ@egmpcg@mqurmnph ase

si gnal s gd, 0 ée%oéry OB BORA0EH T4 Fé%%gljr%g%%eg%eglgﬁl%gﬁoé "9 e a%e%d

bot h, may t'he ant enna ement erer a
adapﬁi v&%@aiavmt t"léherpc!rtw.ﬂe REID sehder 800 lmyayc deo am:ilﬂiemadcmmycmnaonents

< anal s opt A B rr ol hlsPaRt B bRl Badd 10 ortaBlal cnne

el ements 901-904 to tune angle discrimnation of the antenna array.
10[ 00670068 FiESr 16 et (iltustrateﬁslmutmw adxmmrﬂrcbﬁéréac@s@halecrbiatﬁd to a four

display ia the. displa ection dis indicate to an
oper at of eﬂeqtﬁ@twﬁfﬂﬁ%’ye év 56 1@’5‘?[3 959'1‘36“"5 %EFEB%%H%$Q1 é‘”ge?r‘éi&?ré’ﬁce
RF| D debeam paleen 1002 f@amhe ina chdrsmiictive QhtePB4 anfh @U@r‘ﬂt@@ds Withdhe
non-li near configuration, the direction display maix_i i ncl ude direction

i nf $Pra@NEHING SleigeniReonligweddntg. SUbeﬁfrad,?lWﬂWC@‘ieFjé% G rB-ahaatdp the first
el evat | %ﬂtéﬂnb%}émeﬁt SGﬁaﬁ$§|ets%chﬁa %ﬁte%ﬁg%l!@ngﬂ‘@t@eforrﬁ e RQY glﬁ?'&ﬁ'&lﬁ%h@

reader 900 may al so includ di tronal conmponents such as co
i |1 ust r dhethidanternaiemnept éowmthee@wh ancmar@felsnn@t a04 {0@@68&} SECABE,

2 tour Sreuel® TofdhetahaLEA AR HepTREET B Sud o Bteis
1001 andOathdi drftemrenelements of each respective sub-array are summed to form sub-array
25  signals. The sum and difference beam patterns 1001 and 1002 are determined based
on the sub-array signals. A sharp null in the difference pattern 1002 at Theta = 0°
indicates improved sensitivity as compared to the difference pattern 402 of FIG. 4.
Greater than +/-10° angle selection for RFID reader applications is expected. The
sharp null also indicates improved multipath mitigation since undesirable reflections can

30  be rejected and fewer return signal beams may be processed by the portable RFID
reader.

[0069] FIG. 11 illustrates a sum beam pattern 1101 and a difference beam pattern 1102

for the four element active antenna array 800 of FIG. 8 without the antenna elements

configured into sub-arrays. That is, the first, second, third and fourth antenna elements
35 801-804 are summed to determine the sum signal. The sum of the first and second
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beam pattern 1002 for the four elenent active antenna array 800 of
FIG 8 with the 20antenna el enents configured into sub-arrays as
indicated in FIG 8. That is, the first antenna el enent 801 and the
second ant¥hHH1/e4880ent 802 formthe first sub-array an8CTHE2EHP0EO
antenna el ement 803 and the fourth antenna el ement 804 formthe

second gHRmARMerle sgaqnﬁfza& ubirgcted ?eoﬁnme%m Sftﬁ@%ir@éﬁmd%%teﬁﬁé}%a

1001 and 1002 of FIG 10, the antenna el ements of each respective

sub- ar r glgregnds 802904 te def&ﬁmm%ma%ff&raycwgsaig masRarp Tl i the difierence

di ff t .

Sub- ar £ BoteRCHBPRRTIRIES o Hitledtel mitredi i e Affhea kit gtence
Thet a =péttemd2afddGi dprGreetdr demst/A 1067 a‘rygiaselemtrqma‘oeBFt[b réduer applications
di ff ater t .angl | ecti
For | Ret B PR s 1oud Pl eSogiepledaintovef Bhuiiaey Fllpstics oo °'' "

i ndicates inproved multipath mtigation since undesirable reflections
can180 70pfEE.t s amdlldsstion 08 b dourtls pgrialiabemirsdinment béap nokesa elrayy

th t RF : 069] FIG, 11 ill t

bt t br n 129051 &panabf R D ende” BUGh He B Aol BF 8 65 5st dOR TG brrdhe
active apfirnadtedhd aiapad00indildes Hriret éﬂit@hhﬁa blRenatttig0N s Sé@RNrfenna
configured intg sub-arrays. That is, the first, second, third and

fourth &lfresd Qﬁe@rﬁﬁﬁdsafﬁsnr@)qtemt AP ansrtpuith anderdiaepmenh&264,m

si gnal . ofhe s4M Ohob MRedd ., &1%re 8FARENgRr) configuration, The acti t
5031, 0ndhaRaddh 2nob Miear 3., &iiere BF Attandiidn configuration, The active antenn

f r oft h@rayh26f hekspabing @I@n@da fistipxin nagaserathiremaesiardo goateg ohthedirst
determ ' f

oat ¢ or'n A8 ks % NS i RBRLP oBilicnt 1208 Bk M BB B
to the didheermedepapiabtatony at@éccafd Flimedsu@ddaire cebiaain ddntdlofahg liest
sel ection, for er ications i s e shar ||

ST soCi natieeoment i nd PR saband i gnd e 520a A popRE&tsituo,,
i 11 ustraidhes. Thedirdtaixd AhddetdeebhdbxieMAPbEBBIpePicalr i bR BRoMEF. al)s
1200 of a portabl e RFID reader, such as the portable RFID reader_ 102

of BPG explaingd Wi refrense khhis. 2 ﬁzﬁha!lazi@@'ﬁt'ﬁ&ﬁ)@tﬁygﬁ' H59LPY Beftain fREID
el ement té&%:og%ég%eet @Qmse'm%@%e%%ﬁ?er-t@ cgme?ép %Bf‘ﬁ"le%lrﬁm

1203, and a fourth antenna el ement 1204 arrange
(e.g., stpaendsdp1180dtiangaltone shivvaystendiiot.e. muaeﬂﬁwea\mlﬂ@ﬁmi along
both axes. Additionally, with edge dimensions of less than about four inches by four
inches, the active antenna array 1200 is small enough to be usable in a portable RFID
25 reader. By determining sum and difference signals based on return signals received by
the antenna elements 1201-1204, the antenna array 1200 may have sufficient direction
discrimination to determine a direction to a targeted RFID device despite the presence
of muitiple RFID devices and multipath return path signals. Further, the additional
antenna elements that are present in the active antenna array 1200 as compared to the
30 active antenna array 200 of FIG. 2 may provide improved direction discrimination.
Further, since the antenna elements 1201-1204 are arranged in a non-linear
configuration, the antenna array may provide direction discrimination in two axes, e.g.,

an azimuth axis and an elevation axis.

[0071] In a particular embodiment, the antenna elements 1201-1204 can be organized

35 into sub-arrays. For example, the first antenna element 1201 and the second antenna
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15 array 1200 has spacing along a first axis neasured fromcenter to
center of the first antenna el enents 1201 and the third antenna

el ement 1203 of approximately two i nches and spacing al ong a second
axi s measO¥@aVP#EMcenter to center of the first ant enBETASEHEPRO7P201
and the second antenna el enent 1202 of approximately two inches. The
firsg a’éle?nélfﬂdlzbﬁ%éy%@ﬁcfr@t@u%eﬂ%& Qﬁdﬂ%ﬂ%ddn?éﬂr?areléﬁleﬂi‘?z@% fe
As 20 explalned wth reference to 2, a characteristic wavel ength
used by fewsth antanREeemeart A6# oydse & §ea¢musubkarr@y i mcdresher®hvayple,Hbe frst
center t u

cixt b wel SR SRl 6 BhERNE o D2 iy B i el e
Addi t i omabltye sw:ar‘mi ardgenaleleeresit 0282 afd tesfoutth antaivawtiehent 1204cihes beythe

four inches e active antenna arra s smal | . eno ob

usanl o SRSt aRre fra St e, et A st ddo e dhence
si gnal s ihageantennd elewight ID0NahFy BeetrRl firSikubYartd\e afd ke BecHideiRah 5
1201- 1204, the antenna array 1200 may have sufficient direction

di scri meFEpeHn 208 ansttBe #?'Hjea'geﬂ”fl‘ é'@m%ﬁ 1283 avheybesecre pubrapiaye Other
despite shb%rﬁy%ﬁﬂ%&a%nﬁ (J% Foﬂ:ﬂﬂg @Ry 'eﬁé’r'ﬁpl%”%rgé' Lt lf%aéﬁier‘i i YEmhents

path signals. "Furt 1onal antenna el enents that are

pr esent May fore the fitsy sUbxatiel wadanef the ooteasa eamente tnaydotrh éhedgeaatnidvaub-
antenna a I

i sor | ey ii? opk oPdre B AR FE leTRERY iy 16514 norg er

ar r ddgednersua-aray- | Farexampde) thegfirshtumarray Inmayantiada thafinsg seonnyd pndtHide

direction,discrimnatj i WO , e.g., an azimuth axi s n
ol evat i ttrPEeMenE 08, 1904 ARa T3 and P se Bl iaey Meandnte e,
el ement sed@ft, tHid04nd duripearté ganélaa@nddi 2020 1908 a8l r@ma FEﬂheﬁXﬁéTB'tl@an
the first antenna el ement 1201 and the second anten

2011/ 08400 OPEAIMaEs MaY bpusesd Borx@maie. the fitst sHb- aﬁr@yanw m§tud§dbe Erst.dyird
and the ahH'féStﬂ'tl@Qﬁt%Hﬁé‘efén%FﬁQﬁ2@?0@0@3% ks %écfhoﬁﬁ ﬁB"&?raﬁJ Melude

1204 may be a second sub-array. 1n another éxa ntenna
el edBnt thesacangd thifdeanchioudh @nt@maael@heht@nﬂom@?naw 1204; raethfrdrsslb -array
sub-arr r tenna
ol omont THERgS U ARERLLATLAR R SIEN= pRRE o4 GhE A, Ehe
the fir id}ur&nmmwaﬂayehmyem:ludéﬂfe faral sebendlénd thindtamtemteslameatset@, 12804
may be t fi..st .sub-array, and th second anten nt 1202 and
Tha i P08 HaE AR St B Uns b S BRENoE S Lo B Ty oseRe a0
sub- ar r ayibeprlys RHthadon®Nr &l 6f tAk SMtdIPSSdlomentsHED e B eng LseRr lorbhe
ant enna eI enents may formthe first sub-array and one of the antenna
el erent $NFMYNS 8¥RrRTAY second sub- array. Simlarly, one or nore of the
antenna el enents may be included in nore than 150ne sub-array. For

exanpl e [0d72¢ FiG! £3 isSEircuit dygraBYof aﬂ@uﬂlal%a?tktwrlén%od;rﬁeﬁm% FoehHid RIFD
antenna el enments 1201, 1202 and 1203, and the second sub-array may

i ncl ude "e3derskE08nd hetrariedleaRBID eraden 1200 mh@eéla@rﬁéﬁtf@ antegpa arzyhaying
1204. Flﬂ%ﬁrha%&enﬂaoa@rr{eh@némmﬁ@r@f éﬁ&ﬁn%ﬁbég%tﬂ%? Eﬁé oD the
u ude ourt

first s array may | nc |rst ant enna
el enent slapent, 130208 thirtiani2ona eichrerd d308.darslib faurihegntesya elrolanié304 Foe

SoCoRY, shBirpfe, BRe ol RMT o SRAPR BV HETRE 2cdit fnieh e ARV 20 e R 12. o
Fi coent SnhRt exddne, i adRaniant ATt yhas?bp?a[%%ﬂﬁmﬁmoﬂ'bmow

i kovi <376 SREnBAEI et a30H TRNE ST Fresit Srhsh G 4rdyS Bateig aiey @00 of
into sulE@r HEYFON\eie’finﬁIQWMecﬁntéﬂﬁa abmehss astensm @beBRHrandél linda@for in

bei ng used for nore
a different non-linear configuration.
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25 than one sub-array. [0072] FIG 13 is a circuit diagramof a
fourth particul ar enbodi nent of a portable RFID reader 1300. The
portable RFID reader 1300 includes an active antenna array having
four ant eYR2ULEFBM s i ncluding a first antenna el emenPCTAE011/820759
second antenna el enment 1302, a third antenna el enent 13083, and a

fourgh ?ﬁ?@?ﬂﬁa%&ﬁﬁﬁﬁ?e%ﬂlmgﬁrﬁ%ﬁéﬁ%%meglgﬁﬁtﬂlﬂ 3 exgur%w.ﬁ%

may be the active antenna arra n anot
t he act isue-aaiayenhe ortablerfalyl Dnr@adesbmﬂ ingludes fiestand @emncgsuratawdn of

th t ' nt _than,t ctive .
e oot SRR SLEGRN Pt A e S LR o B B
1301- 13(]44ﬂrmy|dué4armanqadrmmaaam signals) diffareticé kgmell onboth| basay on

f t WO 2011/ 0 009 CT/ 1182011/ Q20759 5100Q73] In a
par e R e e g S ORI S05h TSP e Lub-BBRY 1 Bak ed

| Nt QoS ulkxambRY $he ﬂ@ESmﬁraﬁwawlfeera?é@cuf@méﬁﬁziﬁ% IdREdrHesS sdirh =9t cﬁﬁ&ence

second sum and difference circuitry 1241 and 1543 The first and

second SERNRAECIAPIEsRRRSESIgRAP Wgel\@zmy thedirstamemaclamest iheardihe
si gnal s so i £RERRS 8@@1@%94 t&form ﬁr'st B@s. Eﬁa? dighe pmbsgec%nag%%%d

recei ved by antenna el enments of each respect sub-array
exanpl e diffetiends eiguitgut4dnmagidetesminecaung iand diiffargngeosignata pased en nésponse

d h
Firs astoRlseEReea by HESRta ik SERRA TR0 2 kI Ml APl R At At
formsa fiB0Sto st @sea@ndssupratay Ji Q&alz é]'m][f;istswh}armj sigiﬁélwhglnhe (fjsecond sub-

t 1243 et erence .Si s._based on
C b pons 81l Sl Myt CEaVE] af hum SCRraRe S ArGEy LaBh: THSBSM AR 1 he
third agifRmnescetiBimAt 12@%@@ gbReizs MsanSa§RAGreUddiffefetie %ig@faaihat ahe
first sub- arra% signal and the second sub- array signal may be

recei ve®ratided o aRveraicontpleicledei rcui try 1240. The sum and difference
circuitry 1240 may generate a sumsignal and a difference signal that

are proyo@af The ndciL&drrolent 242 hay séa&%r naRAd4baphee B@aﬁﬁ PorrfRg EGhtHST

1242 may send signals to adaptive beam form ngF control 20 circuitry
of @8ch coeuitrief gacheahiie aintsrng emsots- 1880413040 rFas exapiIpEs, thenmicro-controller

m cro-c At

111 1597 5 ot praRY RN EOHIBSAISHST2| f15 P BIRSSuidina dbeps

m cr o- cddfi-di30ér In2adtheagxgpnplei the mi@i’cghmntgjllgna%?. tnaylpnwm«ammht signals

anplifi e el enent é h

<1 onal s © uERGE? e fe2d . P 0 SRR st i el anBaRase

el ement sighdai] tHe3Rdighbsignals, or both, may be used by the antenna elements 1301-1304 to

25 generate an adaptive beam pattern that is radiated by the antenna array via radiators

1231-1234. Additionally or in the alternative, the phase signals, the weight signals, or
both, may be used by the antenna elements 1301-1304 to fune angle discrimination of
the antenna array.

[0075] The micro-controller 1242 may also provide a direction display via the display

30 1244. The direction display may indicate to an operator of the portable RFID reader
1300 a direction to a targeted RFID device. When the antenna elements 1301-1304 are
arranged in a non-linear configuration, the direction display may include direction
information along two axes, e.g., an azimuth direction and an elevation direction, to the
targeted RFID device. The portable RFID reader 1300 may also include additional

35 components such as components illustrated in the portable RFID reader 102 of FIG. 1.
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25 generate an adaptive beam pattern that is radiated by the antenna
array via radiators 1231-1234. Additionally or in the alternative,
t he phase signals, the weight signals, or both, may be used by the
ant enna elV¥ReHild88¥01- 1304 to tune angl e di scrimi nati oRCEUSRE020759
antenna array. 10075] The micro-controller 1242 may al so provide a

direati ' a | o 7 ' ; (Ha?'ﬁ'rfh Te ki ' |
I ndi gat gﬁf%'%ﬂ gﬂhb%%}réa?]oﬂrlnﬁéﬂtoﬁgj 1E%(y;ﬁrftﬁabl e quelzzrlé%ﬁlr)ngdégwgﬁ’é ?%%]Ogﬂz]ité%?ércrt 34%00

to a tardhetnaitaRi RFdReEacer, sunbrstihe pariaiie it IBireaden H21301G1802 har e
o Se iR A0 HORE SO0 B ARl A0E Y 2l 3t i

i ncl ude directio
di r ect i dd0and third aitenrd elematit 1403,i ofourth@ntdrend degeheth ¥4l ddéith @atenna

Th t abl | der, .1300 i ncl ud ddi ti | .
35conporHPEME AR UG GBHIbAAR AR S0y HRERS P ooy D g dovten. The
reader tfernia ditdg 1400 hadDh 2PAGKQERBAGFE! AR2ALLE0RAMSN BEARTE oG of

8
14 is an illustration of a fift% particul ar enbodi nrent of an antenna

array 140076H 28iehar CpTeRAMD! ABE der Secandtprienidelepsnt AhP2oRpramoximately
reader 02 wafelehGinsbnd pRchHBlRONPa 8EEGH éﬁ@%éa@ﬁh&!ﬂ?&n Qehieh & ¢ %ﬁﬁ'{"a

el enent 1401, a second antenna €l enent 1402, a third antenna e e
1403, a thefirst Antgnnamiementciiditantdsba fanth antenna alearang a4 of approxinminey
arrange b iLnear . e

con 1 o dgwavaflabl D9 axfaihd wi RERIKLR FRE 2 Sdterictio wavaenaly
axi dsnmeaseaddd dertam REM wchhaogiertieabaft 12kinthest Thun, einn eerbetecdrser

1401 and_the seco t.enna el e 1402 of roxi.mately 0.6 ,
wavel ongPRARS AP eGe TR BHR GoBIC LB es oo IRG shA RS ARsth e feeand axis
center of abd 1finch! Aaosreimgly, eheagie diétinparehy 100 BWHIAN GHYLEANE be
el ement 1404 of Cgaop roxinmately 0.35 wavel engths. As explained with

r ef er endig@pls ip@ ble;REHAFefdeEr i stic wavel ength 15used by certain
RFI D technol ogies is about 12.9 inches. Thus, the center-to-center

spaci ng (a7 Bytdegeriining saifi Snd giffeRMeE signéds bayeies A idimafPaRbNEd by
al ong the second axis I's about 1 inch. Accordlzgj%l y, the active
ant éina tBe paienDg elemants A4P1-14R8ulR antema arsani400 may hpee sulicienkeirgstion

eaer idtffihaidh BRGNS B rBBroRh Grodiel K8 VAR RERR R ence

return signal's receivel ant enn ement's
ant enna chralipla B0 sleyichaved sudlfipath eeitrrdpatb sidravs. df gthvernthaacdiddionab

determ 'la?lteann%i é'lgl%rehf%"{hétoar% p&%&?ﬁnege%kipe %Yein%g aqt%ﬁp‘li4t0% é[shc% praergg 1S fhe
active antenna array 200 of FIG. 2 may provide improved direction discrimination.
25  Further, since the antenna elements 1401-1405 are arranged in a non-linear
configuration, the antenna array may provide direction discrimination in two axes, e.g.,

along an azimuth axis and along an elevation axis.

[0078] Additionally, as described above, the antenna elements 1401-1405 may be used
to form sub-arrays. For example, groups of two, three or four of the antenna elements

30  1401-1405 may be configured into sub-arrays. Some or all of the antenna elements
1401-1405 may be included in more than one sub-array.

[0079] FIGS. 15 and 16 illustrate simulated sum and difference signals related to the

antenna array 1400 of FIG. 14. In particular, FIG. 15 illustrates a sum beam pattern

1501 and a difference beam pattern 1502 for the bow-tie shaped active antenna array
35 1400 of FIG. 14. A sharp null in the difference pattern 1502 at Theta = 0° indicates
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of multiple RFID devices and nultipath return path signals. Further,
the additional antenna elenents that are present in the active
antenna array 1400 as conpared to the active antenna array 200 of
FIG 2 rra?v‘bg%‘\‘//i”?i‘é“ﬁ mproved direction discrimnation. ZSEHSHEP20759
since the antenna el enents 1401-1405 are arranged in a non-linear

conf kQUieRbdIRMt sémn@tpt %F@xé‘rﬁb@{af‘%&sﬂ/% Ciﬁqgra é&é&tlo‘?ﬁoﬂRﬁﬁﬁ FdHRAL i on

in two axes, . an azi muth axis and™al on an el evation axis.
[ 0078] Aéailqatleﬁara @XpeaseddeBter shesp nsb else, indipatea modipath eniigaionssince

1401- 14

three orneaarathy et e e Prat 31 DRk s 7 KB R Risb
i nt o subydine ayﬁablsﬁl’éDo‘eawﬂ of the antenna el enents 1401 1405 may be
i ncluded in nore than one sub-array. [0079] FIGS. 15 and 16

i 11 ust ' | | t

ant enna IRORF T, B G Rtk 8%t o0 FRETE Rfirel® Iadfo4ar et Phens
sumlbeamﬂpamuewearﬂmmminfklmg t!lleft:fcﬁv-eeeetr\kmmﬂepﬁé baan 135@31‘ FKEE t4h€eThe
't he. GPPEHEEN KT V100 S0F S PR EDtepia it DAl caRbe eledronicaly
2011/ 08&6&%@%@5&@@%@2@%&&1 5ﬁ@§i@€6fg terStBBA 30l drdes froh 1RX BEMEE, at

| east +/-10 angle selection for reader appl Ications is expected.

Th h I t on si nce undesirabl e
rort ect 102l EiGS: BF det g SaHa ribtiotS BrdpAmsrnal MelBhgnEns arays
pr ocessegtharohs s?@é;ﬁg"@' eIGE 1B, Q@a@@éﬂd b@@ﬁ.@lta@ &nui‘a@ed E&M%{dad:ﬁéreﬁce
sum 1601 and a difference 1602 beam pattern f adaptive beam

for ded SEINAl elatediiheitwoplemert %m@rm@rr@sr%ff |@$0070f9 R1@Nd23, The
adapt i vey %@FW gor med by the bowtie active antenna array 1400 can be
el ectroni y Scanned in space, with a scan angle of greater than
30-degrees fromthe center. [0081] FIGS. 17, 19,21 and 23 illustrate
enbodi mi82] 51G t Woiséindusiratian o Briixta prEigslaientbodiment of as mmtenmgsarray

FI GS. 1%7039, %%g%pl% BA D teaHéF 5'15\} ma%gbant@&?&boﬁr‘ﬂ@@wﬁ@é%t@éi@ﬁ%tolQ,

15si gnal's re o the nna arrays
21 and 28nter of antenna elements 1701 and 1702. FIG. 18 illustrates simulated sum and
20  difference signals related to the antenna array 1700 of FIG. 17 and illustrates that at
one half wavelength spacing of the antenna elements 1701 and 1702 the antenna array

1700 has good sensitivity and angle selection.

[0083] FIG. 19 is an illustration of a seventh particular embodiment of an antenna array
1900 of a portable RFID reader having spacing of about 0.25 wavelengths center to

25  center of antenna elements 1901 and 1902. FIG. 20 illustrates simulated sum and
difference signals related to the antenna array 1900 of FIG. 19 and illustrates that at
one fourth wavelength spacing of the antenna elements 1901 and 1902 the antenna

array 1900 still has good sensitivity and angle selection.

[0084] FIG. 21 is an illustration of a eighth particular embodiment of an antenna array
30 2100 of a portable RFID reader having spacing of about 0.125 wavelengths center to
center of antenna elements 2101 and 2102. FIG. 22 illustrates simulated sum and
difference signals related to the antenna array 2100 of FIG. 21 and illustrates that at
one eighth wavelength spacing of the antenna elements 2101 and 2102 the antenna

array 2100 still has good sensitivity and angle selection.
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respectively. [0082] FIG 17 is an illustration of a sixth particular
enbodi nent of an antenna array 1700 of a portable RFID reader having
spaci ng of about 0.5 wavel engths center to center of antenna el enents
1701 and MWO20118880° 18 j| | ustrates sinul ated sum and 2@§T{USHEHES

signals related to the antenna array 1700 of FIG 17 and |IIustrates

that sat | m! s oy ﬁ@ghﬁ.oﬁﬁﬁ%‘ m&h%rﬁ&@ar%ﬁ%&%eﬁ!m o ect | nd

1702 the antenna arra ood sensitivit

[ 0083] RBED of g postakle %Fllih@adaf h@‘f‘ln@ﬁpacle@ﬁéabwt@a@&ﬂ&wamiemmdemtenF

f 0
abour 0 Skt Bhefle tEklerts 2307 3h3308, £16 24 BRE RS b diheRiOM o8y
and 1902iffarei@e ggnats relatedatbelse animhataaﬁy%ﬂﬂaxﬂ&(lj@ 23 en@ﬁlqetratleg ﬁﬁt%tt

I d t 1900 G 1 r at a

one- f o e RE NG ReRit Shheti o R oblerom o BPemantd Sr60i0%ihe Botgmna
t he 1ant @mzy ZB00Aas LBeful senditivityasndoaafle seBsiidr, iINb tRaCchIMRBYE FIGS. 17-24
selectio %gﬁ)gﬁlaﬂl G 2 Is an illustration of a eighth particul ar

errbodl P@Hﬁ& APerHhArFRYS 29NSItHitY 8N apglgsiededtion mavehe Brther

havi ng %Bgﬁdveg wfaa@h%toff?ndr%%n\f@%%l SBYERS, qﬁ‘%ﬂte%@%,&%hﬁéme n&@ Bl
el enents 2101 and 2102. FIG 22 illustrates simulated sum an

di f f er ef€@ydiayingl @ni@rtatf@atqr@p@ﬁag Shoen ﬁactmlawazele?gmfbazwean 2djaaent

il

ol et ST5T5E Geryhie R eI RURE R RRRC I iR pAT LRI

sendft i entannarairayrA0s @‘eFH@cQB ovhile nvint20rig %@W@V&BZ@&%%E’%&F
3 I nmen

of an_ nADISTna a5, P8 saTRe. s e haerBli wBRelenGiE RS b p hes

about 0 oaéa&tmalcenwmcemt epading Ba8sLthadfon@nheNNehed, %rfsniaeaé%
and 2302. FIG 24 illustrates. sinmulated sumand difference si gnal s

r el at ed APNRATEIBARAURFS SONTERERIOHF Wik ene siatognth pentasioreanier snastngamay

one si Xiceedtdh ¥Rvadrepatint sRasknsctpf the antenna el ements 2301 and
2302 the antenna

20 [0086] FIG. 25 is a flow chart of a first particular embodiment of a method of using a
portable RFID reader. The method includes using a portable RFID reader that sends at
least one first RFID interrogation signal from an antenna array of the portable RFID
reader, at 2502. An interrogation signal in this context may include a signal that
requests information from an RFID device and that does not rewrite or reprogram the

25  RFID device. The antenna array at the portable RFID reader includes a plurality of
antenna elements. For example, the portable RFID reader may include the portable
RFID reader 102 illustrated in FIG. 1. The antenna array may include any number or
configuration of antenna array elements so long as the portable RFID reader is small
enough for portable, handheld operation. For example, the antenna array may include

30 antenna elements as described with reference to FIGS. 2, 6, 8, 12, 14, 17, 19, 21, or 23
and circuitry as described with reference to FIGS. 3, 7, 9, or 13.

[0087] A first response signal may be received from an RFID device that is proximate to
the portable RFID reader, at 2504. The first response signal may be received by at
least a first antenna element of the antenna array and by a second antenna element of

35 the antenna array. The method also includes, at 2506, determining a sum signal by
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10array 2300 has useful sensitivity and angle selection. Note that
al t hough FIGS. 17-24 deal wth two antenna el enment arrays,
sensitivity and angle selection nmay be further inproved by addition

of nore aM@AHE'8I¥nhents. For exanple, a four antenna EBCEMEHH1/E07RyY
havi ng center-to-center spacing of one sixteenth wavel ength between

adj agentsypimifg e FLERRPbSsSHgHAIdeBaYEY bym@ffr@fﬂarﬁ@ﬁ.ﬁ@éw a8t fing

to the two elenent 1b5antenna array 2300 | e mal ntal ni ng
very snigspopseregdivay bmma@ﬁgn@ﬁntam@amréﬁmia Taherraythoptdurtree(amju@es when

the chanagh ecf%téltn'uﬁln V&h&%%:? S @afﬁ@%te%m?n&%%ﬂ%ﬁenc%@et béltm ﬁ'?elnﬁ st ot

center-to-center s n-one our
ant enna respoage |S|1gnal &q:aafed hydhé rﬁgail ratanoa alerhantoare ibe Xirdeasgonse signal

center-to-center.spacin er an.area f about 1 square_jnch.
oL oosoroeniad SRR sihnE ety e Beton Al hesS R hont o
a mahhodetfrmirgnge da-epmﬁﬁ fbheh&bbRapleaiED. reab@r Behd agiD ielidd 2588 bAgha
portabl e RFI east _one first RFID interrogation

Dr %ﬁﬁ % ]}é sends at
si gnal prEhsigral arddhe 4! FETHF B9nd hd BovetaeY enaxmaley incliderat, 2112 90vating
i nt er r ogatih@bael SN@k ;do'ﬂtab@ ﬁFI@fga%éF TRY idditehotdRaintic@@ih et diRlction to the

requests information from an D device and that” does not rewite or
repr ogr &hlPKEVices RFI D devi ce. The antenna array at the portable RFID
reader includes a plurality of antenna el enents. For exanple, the

por t abl Tt(ﬁg] Pic e.?éj%fa fIRY ch& bEd et iRy patit @k &ngg#igﬁr?afiﬁhéﬁ of usmg a

illustra In FIG 1. The antenna array may inc an
conflb guipartbble RﬁiDaﬁaéarhanm ma{hasl ispludes; aé@%&r@rdmgatéem:onatﬂrﬁ FFEFFDD

[ hade  iet 8o SN ol Ohn BRIELAR ey MR BHNIBICRPIT ez, FE pSHATR' ©
r ef Sgggwgggeﬁ&naﬁmg;mgﬁ?; ?%LD ﬂe@x,de&% dé@cnb%ﬂ:l WIﬂf re?e?eamitOCFIGE%l:Tz?'
e sponsd NS TFAP IS G ThERBE BV Sar T AR ZHIVGoRE PERY MR LR ralbe

to the ppahRBhe ofithéhts eTHefirstHFIBIRRrodBso sibRal hepBOBER! \ih 9iAbIs M
be received by at least a first antenna el enent of the antenna array

and 2By a@ntswgrierapRis i hepdiverrntennasarictnahearhbave 7 Ryrticyias Phesehard
al so i nghugagie QichZr0fe ARGHREALGAR SatBrRe $48R85crB%d with reference to FIG. 1.

[0089] The method also includes, at 2604, receiving a plurality of response signals from
a targeted RFID device and one or more other RFID devices that are located proximate
to the RFID reader. The response signals may be received by at least a first antenna

25 element and a second antenna element of the active antenna array. The method also
includes, at 2606, determining a sum signal by summing the first response signal
received by the first antenna element and the first response signal received by the
second antenna element. Additional sum signals may be determined based on signals
received by other antenna elements. For example, when more than two antenna

30 elements are present, two or more of the antenna elements may be grouped into sub-
arrays that are treated as individual elements for purposes of determining sum and
difference signals {o determine a direction to the targeted RFID device. The method
may also include, at 2608, determining a difference signal by determining a difference
between the first response signal received by the first antenna element and the first

35 response signal received by the second antenna element. As with the sum signals,
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WD 2011/ 088009PCT/ US2011/ 020759 5sunmmi ng the first response signal
received by the first antenna el enment and the first response received
by the second antenna el enent. The nethod further includes, at 2508,
det er m ni NYO301A{%¥%8% ence signal by deternining a diffePEREE2¢IH0EEN
the first response signal received by the first antenna el enent and

the & 1 SifidreRaIBGRalThaNSk deraaineabdudldiea tREMS AThEBRRCARERAS ordpe

nmet hod al so i ncl udes, at 2510, 10 determning & direction fromt

por t abl &vhan oreeihge iwe @ntansamigpenis\dre rés@oed on t he sum si gnal and
the difference signal. The nmethod may al so include at, 2512,

act i vat ijpghoRTheNeeiF8l Piaydisd ﬂ%uﬁg[ %g?éDm %&&ﬁ@%%egﬁr&ﬁ&ﬂ%%&?&sb?% RFID

may indicate the directifon to t devi ce.
f | ow chdeadesfthal iselyderidpariderdiying thentaogtited Ri-1B desicretThednathod siaygalao

15porta . j S, 602 ing.a

I egst olr}:ﬂé&'f(fgrzét?zﬁli?’gﬁﬁrem]érlafeog@Eﬁn@g&sﬁgg%%%f%‘%%'%ﬁecgh‘{egﬁgﬂﬁrpgg?gﬁﬁ5’D
por tlébl eedfdrio ricmm&rthe‘ﬁgﬁ rpfpdr&bls@gr%i:l'@eﬁmdmm Itfea/firisthFlmielegFeRFbD
reader as_described with referen to . 1-24, The portable

oader ORI BIETSh Sl SRR Ea T B Z0er RS oivet MAtoe seigetReaRT )
of ant ereaicelreaEbé SiscakRdiy Bt RENhY.| The Meda! ina) aSHddinaliddB Ja4sent
via signals from 20 antenna el enents of the active antenna array that

each haWete{Miring adiesHon fragethe mertakiel R ifbeadatte the targeted; RRID device
i nt err ogakkQBnRRé s6MNSgrt 2nd eve BirBrG W didhd ef erence to FIG 1. [0089]

The nethod al so 1 ncludes, at 2604, receiving a plurality of response
signals froma targeted RFID device and one or nore other RFID

devilées 048] TApen¢tBedmay Psdiniclideeat & tth elartrppicabasieering B secernp Birde
ignals; : i ' n a

second. ANEHoRBIdFSGhATONP ot BRPRER foddeh JBAC B it MERRE D,

i ncl udeglevise. Xe06xaniptee fhe sgaoyd RFEDrintegatiorbyigsaiman be shet Via astecond

i i ved t first I t first
" oebone bealrtifierh 468 Y hcVe B latiny M Rfuctus Beh r88ert  relseigpha
sum si gihebm paterbenaiebeeki-nedchipssdered &ir@'@:l@tiﬂ@@@bnﬁdrrbtﬂggﬂ%leEaxamtp!e,
el enent s

antenna el enents. For exanpl e, Y\/nen nor e tc];,an t wo ant enna
ar e(agr eéiéehﬁ‘?cqqube@rm ﬁﬁ?%mgrga)f e U&‘ﬁtt_@ﬁ RECH ETEagagay pedegr did GndoTo
sub-  ar rijpxgatd) 8lgralstsdnt BBHEShAST B elgﬂ tﬂé%‘ng&ir@@é\hén%Qg fHHT m_%%%%?gé

determ ning sumand difference signals to determ ne irection

t he tar GEEEUPHEDMRKAYE 2 Medifiestrhgge napdifipd @mplitdedy both rel@de, to the
det er m njhage 3ndi [ j O B § i f 1 -

he 1§ r o ape and IgTLERTS A5 SRR 105 1Eh BFIL Mool chHRRNE, RioMeRiy.
t he firsxinthe alternative, the method may include tuning angle discrimination of the active

25  antenna array using the maodified phase, the modified amplitude or both.

[0092] The method may also include, at 2618, receiving a second response signal from
the targeted RFID device and potentially one or more other RFID devices by the active
antenna array. For example, the second response signal may be received by at least
the first antenna element and the second antenna element of the antenna array. The
30 method may also include, at 2620, determining a second sum signal and a second
difference signal. For example, the second sum signal may be determined by summing
the second response signal received by the first antenna element and the second
response signal received by the second antenna element. The second difference signal
may be determined by determining a difference between the second response signal

35 received by the first antenna element and the second response signal received by the
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35 response signal received by the second antenna elenent. As with
the sumsignals, WO 2011/088009PCT/ US2011/020759 5 di ffer ence signal
may be determ ned based on sub-arrays of the active ant

when mor e N8R ant enna el enents are present. [0090F gzo 'izﬁ%’a
may al so include, at 2610, accessing a nmenory of the portabl e RFID

reader tbaind afbasieslciiting AdeRdviduEnaxgiaiaed aviged ﬁ@r@mdatd@\am@qname
met hod may al so include at, 2612, filtering the pl ura{a %y thHrres onse

si gnal seleswity e wse’hteaa@ﬂﬂa@ieénwﬁ Blayo%a'z?éllae@ Ho GEAE PUPSES
responsg, &ét%ﬂﬁﬁmr{ge&ﬁh “Rafs A diffsrehté SignBlsl D devi ce. For exanpl e,

response signa recei ved from RFI D devices other than the targeted
RFI D devi ce nay be discarded b the filtering, The nethod may al so

i ncl ude]0088] Dha metied Bewiaksrigciida; atefiZoreierBinntha r%@ﬂaﬁbﬂ@éﬂwﬂf@“ the
reader he rthbg éﬁp%%gfr&ggg?t#ﬁgﬂee@aﬁé |dérbé§%% oL Seesd s@\ﬂ%i%ﬁé?and

di fference signa met hod may al so 1 nclude, at
el ed0r othesddopdstifarencrysignale do adpaRitutan emnkodivgat, |thﬁ1mt@¢hﬂettffﬂ$)iﬁ 2616 to

Dl o ey SRR IR e BRERFLT i GretBhioREdReEE o Gie BBRable
REID reagor rp@déreﬁgggﬂlgmm tai?frgetemm'mﬁ?‘gﬁwiamh?|spb$etmrg’é
usi ng a&%ﬁfﬁ@@%’e‘ﬁ?ﬁq’% rﬂ@ Wﬁéﬁgrﬁé regger[tﬁéﬁgg%rg ‘%dd{Flﬁ)' ern

may include the second interrogation pattern 143 of FIG 1. To

i 11 ustr ase4] ThemedtBos Ay fltiesn inglederatipepe, @cftlvbhﬁag anireficsoedfehe pbaalblo
formthe second beam pattern

di f h fied
LISt UG GHORAT T BRIFYer M ORI B arman di e BIes RATHSeugn g
of the feké.%wé?'ﬁ%é%w&fa?drrrﬁ&aﬁnb%t@aﬁ b8ifiuth Afglet bﬁ'éﬁa'vbt{on 8fgleNoft igh, from

alternative, the neth mey include tuning angle discrimnation of
the act itheporsahie &ma raatﬂeaymﬁze iaoetaed RivBidevisg- phase, the nodified
anplitude or both. [0092] The nethod may al so include, at 2618,

recei vi fiohgd) SREAR HASROGRe ShtiRIm QWb bl dteRste L RIGleNY BB

pot enti y one or nore ot I'D devices by the active antenna
array. RBenemlanpirsiarding ofdbestiuctaspoiibe variguabmbaginnts.etlee Hestrafipngt

| ea I e
e S M P eS0T POl O pRR Rl SR ALETTRY o0
second sjﬂﬁpsa:gm&l arathslysterae tom aifitizd lﬁwers&mucmrss gnalethddsrdesridvaal Ieeretrhd\ﬂany

second sum si gnal. ma be determn supmi. he second res

S onal e SRt anny DS ePRAIEE - EpE ORI S AL G R B se
signal  ropagisies @Yhér@n&ﬁﬁrﬂ@dts&ﬁéyﬁb@@tﬂﬁe@mder‘%ﬁ fome orecdistlbdee enam
signal may be determ ned determning a difference between the

second rt@%tﬁfh@@réh WPQ@B‘(%PW@B”%?”@ ﬁ@aﬁgqss’f‘a)éﬁ?érﬁﬁg@ Wit qierarting
t he ;secopgh IRSRAPEDr I IBREIEEES! PR ExBihpld) fnethod steps may be performed in a

different order than is shown in the figures or one or more method steps may be
omitted. Accordingly, the disclosure and the figures are to be regarded as illustrative
rather than restrictive. Additionally, for simplicity and clarity of illustration, certain
elements illustrated in the drawings have not necessarily been drawn to scale. For

30 example, the dimensions of some of the elements may be exaggerated relative to other

elements.

[0096] Moreover, although specific embodiments have been illustrated and described
herein, it should be appreciated that any subsequent arrangement designed to achieve

the same or similar results may be substituted for the specific embodiments shown.
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WO 20111088009PCT/ US2011/ 020759 5 second antenna el enent. As

previ ously expl ai ned, when nore than two antenna el enents are
present, antenna el enents may be grouped into sub-arrays for purposes
to det er mMWP AR 188/W%i gnal s and di fference signals. [009ST/USHd1/pastivod
may al so include, at 2622, determning a refined direction fromthe

t abl :
Do 81 ARSI rhEn ol 210 Y APt PR s SRR
enbodi nwatipus embogitTrends. r@Dmbmtlbos pbthe above eertadinenty, akécﬁhleonl cally

" eader GUREATPYrEh LY PASHIRR Nt EP 4T BRI traniTin he

subsequ@mlkgomwewtrqﬂhleeibsdnpitm| ons from t he portable RFID reader to
the targeted RFID devi ce. [0094] The nethod may further incl ude at

o o OMETH R R AbOSHRE PRl ey PR ST Wit Tt doep B RGitha! Ewiy ot

exanpl e betds@dltadtt@mtr@troth thedicepé er ARaditigniftife sRBhE, It dEERY @i then
angl e, ? bot h, ?r’al{) ortabl e RFID reader to the targ{et ed RFID
devi ce. '9r6goip Eﬁi@l § P8R SfRsICHB Teatures faatbErUpeddsashBLer dRscHbep

are int wg%%gq@e%gamt %rﬁﬁ@?h?dosﬁr&ﬁ'%frééﬁﬂﬁh@%@&m&lﬁ@ul%t rﬂﬁé Hl%@logure

t he various enbodi nents. l'ustrations 20 are not 1 ntended

serve ads Bolderhs! istegpratescas weflpelingodn mtgntion thaidhe clapad @rnimllm%@ts ueq;sre
of appa C

descri bé@IS HEZ?%P%SS{ ﬁ%ﬂ??ﬁﬂr@& %éédee ﬁgﬁég&ngltaf eké%zr%% h%%n?’ﬂﬁ% Cla'r{ls
ski 116 i mefidod, the tclaiped sub,jectamattg [1g]2)"] bdlcknebtwlmdaess%hmall ehthedeatnt sofnany
be utili iﬁgeﬁnq de({)i %d fromthe disclosure, such that structural and
| ogi cal 8 UBsY P TOR ﬂ'meéﬁ%nges may be made w thout departing 25
fromthe scope of the disclosure. For exanple, nmethod steps may be
performed in a different order than is shown in the figures or one or
nore nmet hod steps may be omtted. Accordingly, the disclosure and the

figures are to be regarded as illustrative rather than restrictive.
Additionally, for sinplicity and clarity of illustration, certain
elenments illustrated in the drawi ngs have not necessarily been drawn

to scale. For 30 exanple, the dinensions of sone of the el enents may
be exaggerated relative to other el enents.
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[ 0096] Mbreover, although specific enbodi nents have been illustrated
and described herein, it should be appreciated that any subsequent
arrangenent designed to achieve the sane or simlar results may be
substituted for the specific enbodi nents showmn. WO

2011/ 0860LAIMST/ US2011/ 020759 5This disclosure is intended to cover
any and all subsequent adaptations or variations of various

enbodi nents. Conbi nati ons of the above enbodi nents, and ot her

embodi nént s Adorgpieradie krnyerpsidentiicatioar(BRD) igaderpeomprisipgnt t o

t hose of ski i e indRRfN 1 EWW: t (ol 7
Abstract of %ﬁgh%@é aosd% |é1'6| g s%%?ﬁ@@é@q% ?et eg%h@edrtggbaﬁ%%ﬁ% h%p'a
it w il mood REODssigrssdsl from eadcreoda eluralitylaf iR Dt deevicss) péhedeinnesmhi afghef
the clains.. In addition, in the fore %épg Det ai | ed %scri%i on,

var i ousPHERY: PEEN AP HPBiTIREIUES BRI PO 3 hedm Hatg
enbodi "gé'ﬁerfa%d b EhPHARARS a?:fag,st ream ining the disclosure. This
to

di scl ostre is no be Interpreted as reflecting an intention that
t he cl ai ned swhbadlicoidnt cparaiai ioalatemengé easum eggrich hasad enexpuresHltlye one

recited in ea | aim, Rather,_as the fgllow nqg clai Sreflect, th
C1 ai nedoblgTe R tarls Fep i Gpmeae e PludyierRaR defices & bt eatt
f eat ur egyPbf MRYDIGFItNSF sHtERhAeRmEmROdI ments.  CLAIMS 1. A portable
radi o frequency identification (RFID) reader, conprising: an

ant enna ar r aglifierenagtirayitey ppenalld todeitrmineendiffeseaecsigralthnsedow ae

' | s f h. of I | i f devi
wher of ntGearter ot b W TP ERER Hisdlaiister et oo R iRt
Ci r cui t RFID @eviReb oyl atdefgawoRAthE blurgip of aheshri2yelbhenbitze@na array;
sumcircuitry operable to determ ne a sum signal based on a sum of

the one or nBreenterlley 8i gnal s recei ved fromeach of the plurality of
RFI D devices by alioLfa5talyQetf thdedth Patteht ¥ SirBBEGH8Ra AR RFID

device of the plurality of RFID devices using the control circuitry
of the plurality of antenna elements; and

determine the direction of the particular RFID device of the plurality of
RFID devices 1o steer the beam pattern based on the sum signal

and the difference signal.

2. The portable RFID reader of claim 1, wherein the one or more RFID signals
received have a characteristic wavelength, wherein the plurality of antenna elements
are separated by a center-to-center distance of less than one half the characteristic

wavelength.

3. The portable RFID reader of claim 2, wherein the center-to-center distance is

less than one eighth of the characteristic wavelength.

4, The portable RFID reader of claim 1, further comprising a direction indicator to

indicate the direction to the particular RFID device.
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difference circuitry operable to determ ne a difference signal based
on a difference of the one or nore RFID signals received fromeach of
the plurality of RFID devices by at least two of the plurality of
antenna el enments; and a controller to: electronically steer the beam
pattern5in aTde rpectebtmREfD eequinrtof cldimr, RitEedenmpesing at irrusitg) vetiarein
of RFI D, devi ces u contr ol ur tr t he uralit f

ant ennaﬂﬁ%r‘ﬁ!@“' I%(n ed‘é'ﬁ@ﬁﬁcﬁé?'rtCH Wdr'?GéE‘PX%(ﬁ %fanfjr&i’%%?wr%é agrle%fl D
devi ce gfilte nBLikE Wtﬁ evr ces to steer the beam pattern
based oﬁ tlhrewsum s?gr'ra C]%:LLE difference signal. 2. The portable
RFI D reader of claim1l, V\,her ein the one or nore RFID signals received

havea errs | engt in the Iuralr f ant en

e 2 G ST g MRS SR e ST £ B PR SRR BRe
one hal Bzré&lﬁmcﬂﬂ@rh@tﬁé %ﬁ%bléRW@é&:l&ttb the aanmermrrrba%\ﬁcé?ﬁé&d gesakt
of claim2, wherein the center-to-center distance is |l ess than one

ei ght h iBFparhenchihass efthediferacesiangl.n. 4. The portabl e RFID reader
of claim1, further conprising a direction indicator to indicate the
direction to the particular RFID device. 5. The portable RFID
reader of cl Thepbriably RAED rearof elais B visdsimte pbeilig 6f drftensaim

Ci rcurtrP/ the difference circuitry the controller and a battery are
at | easelepgnits are prapgedn w!mﬁahcwﬂsuﬁ@m ng. 6. The portable RFID

r eader of claim1l1, wherein the controller determ nes the direction
fromthe portable RFID reader to the particular RFID device based at

| east i 8. par ThempoatapleaREIDFedder diictdier Bneleersirgth@l plurafity dientpona abl e
RFI D reader of claim1, wherein the CPI ural ity of antenna el enents are
ar r ange8ISMETES R EHRNGRAIT §UICAIINGH. COFIgUIgHOThor t abl e RFI D reader of
claim1l1, wherein the plurality of antenna el enents are arranged in a

nonl i near configuration. 9. The portable RFID reader of claiml,
wher ei n9at | dhstpooiableoRFD peadsr dfclaimibwelienein atdldast etk brya phabe of aat

e R RIS Sy B
t he ant gafgnal Q8mRhes ﬁrﬁ@ah RAQRROSE B ih\é WaVETbahralibted by BacH BEthe at ieast

portable RFID reader of claim1, further conprising: an i nput
devi ce two phthe artenna eersentsrse Rilapateenty codsallatieer i ndi cat | ng a
target RFID device; and a nenory to store the at | east one

RFI D device identifier, wherein the controll er determ nes the
directi 9p. t oThB&op@ibld REIlarreﬂ?érEbfdﬁmpe fukther edmpfsiRgdevi ce

identifier of the particular RFID device is stored in the nenory.
an input device to receive at least one RFID device identifier indicating a
target RFID device; and
a memory to store the at least one RFID device identifier, wherein the
controller determines the direction to the particular RFID device when an RFID

device identifier of the particular RFID device is stored in the memary.

11. A portable radio frequency identification (RFID) reader, comprising:

an antenna array including a plurality of antenna elements to receive one or
more RFID signals from each of a plurality of RFID devices, the one or more
received RFID signals having a characteristic wavelength, wherein the plurality of
antenna elements include at least a first antenna element and a second antenna
element, wherein the first antenna element and the second antenna element are

spaced apart at a distance of less than one half of the characteristic wavelength;
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11. A portable radio frequency identification (RFID) reader,

conpri si ng: an antenna array including a plurality of antenna
el ements to receive one or nore RFID signals fromeach of a plurality
of RFID devices, the one or nore received RFID signals having a

char act er i st sumwircaltgrgiupledvteihei first freepharciméent aid anthervezoat emterirs

include at least a first antenna el enpnt and a_secQ ant enna .

el errent‘?feﬁ)r?é&é‘? Heterming ?@%ﬁ@@ﬁh%%&%ﬁﬁ%&f ?H%@%@W&?Hﬁ?@ﬁﬁ%fmm
el enent j I I

Char ot SR EoPRRIAGABARAID Bofibat BPifi fis! fiféhrid B afgthe Sopbilf.
ant ennaarteena®eraadt;t o t he second antenna el enent to deternmine a sum

i | b d, f RFI I | i f h,of th
B bral ity of RBIRCUY Byee ] I FreLATERng Sruraht G NEReSBlond
ant ennag@eARB™Mement to délbfrhiREeNEiFefeic@Udigna BaRenl Bfla UfrdrBBcd bf 86 RFID

antenna el enent and to the second antenna el enent to determne a
di f f er epigeakicgatveditye@¢ach chthi plusaliy oé RE1D aleviResbysthgrfust ardepna ed

Lo ety D8 B S e R BB 85, 0o St oo e
el ectroni cal tiyostrg®y: @ beam pattern in a direction of a particular

RFI D device of the plurality of RFID devices; and . determne the
direction of the parti @gdrngally siesn z beam patterplinpglireciionOf rmaricular

devices to steer r t he.sum.signal and the

di fference signal Rpﬂ:i?gq@ﬁgﬁyé%pgﬁ?@%@%a é?ééofaﬁgl aim 11, wherein
the antenna array i ncldeteaminie theaiiectione of the shrdiotlenR¥ Bldavimetoftthat i s
| ocated in between the first antenna el ement and the second ant enna

el ement. 13. A nBURYHY ObRHIP sevipes 1o steerdap beam BRti¢raases D Hersm
radi o frequency i i £ | interrogation signal to each of
a plurality of RF %Hé{a%/ﬁl&cg{sé @ﬁgéﬁbﬁ?%ﬂha array of a portable RFID

reader, wherein the antenna array includes a plurality of antenna

el ement s; recej vi afirs lural ity of response signal t
Ceast al2i r sThegogaRle B dsaddsior it vfeselay Py inaa Sedi s &
ant enna|cakeaRAthiRS ahiefnadHENBAt Mt AYlocHearig ibatwesh Y firsh8nfdnhatelement
plurality of response signals is received fromone of the plurality

of RFI Dao@ihieessond antendaetdemeni.ng a sum si gnal based on a sum of the
first plurality of response signals received fromthe plurality of

RFI D devi ces; determ ning a difference signal based on a
di fferemge of rmbtolidosipriditg:al ity of response signals received from
the plurality of RFIDd%vices; determning a direction fromthe

port abl e RFI $endiag et laast ane drgsadio freausneydeifioatiom &RplLiriaterogagen
D SRR B O R I B IS Sl SREFoF b0y P
i ndi cat mradengdivhatedrs tHehantéhnaarizgrintiadéd e pglaragt efcariRbhiia dRmaertts;
receiving a first plurality of response signals by at least a first antenna element
of the antenna array and a second antenna element of the antenna array, wherein
each of the first plurality of response signals is received from one of the plurality of
RFID devices;
determining a sum signal based on a sum of the first plurality of response
signals received from the plurality of RFID devices;
determining a difference signal based on a difference of the first plurality of
response signals received from the plurality of RFID devices;
determining a direction from the portable RFID reader o a targeted RFID
device of the plurality of RFID devices based on the sum signal and the difference

signal; and
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14. The method of claim 13, further conprising electronically
steering at |east one second RFID interrogation signal fromthe
portable RFID reader generally toward the targeted RFID device. 15.
The nethod of claim 14, wherein the antenna array sends the at | east
one first RAdIvatibhgandgditaton ofi theaoriapld RES neddernghardin tisd insoatbor m

havi ng a phase and an anplitude fromat |east one antenna el enent of
t he pl dPQ{éﬁ?ﬁiﬁW@ Cﬂ%ﬁﬂggm%ﬁﬁ?@p n@) (RYF®i n el ectronically

steering the at | east one second RFID interrogation signal includes
sending a second waveformfromthe at | east one antenna el enent, the
second Whvef dhentethoa gf alairh dds furtrer coinEisiglelectrdnishis steechgtat least one

the first Y/ m,and g. nodi fied anplityde r ive to the first
wnvet o sroondg it B asediTonors o 1he ppliRBiRr £ isries Brperall toierd the
recei vi gyt gD dlicg.al i ty of response signals by at |east the
first antenna el enent of the antenna array and the second antenna

el enrent of the antenna array, wherein each of the second plurality of

Gevt coa > OFRe fuof BF B 34 LBSHER SR ooyl Bl B it dufoe iy
second RFWD ﬁ{téir&f%@ﬂioﬁ sighansetrahamating barsi wadkiofm Mal/itg $prassiand an
plurality of RFID devices; determ ning a second difference

si gnal Rpbydedram @t 1gast epeandgnselest 9f tfpﬁ plusality §‘f @ﬂtwgm@nts,
gnal . el Y97 sent
o o ATE ALY Y Senine ot 185st Bl SABNIRR Mihogation signal

t ar get eighckided sdedineea basadt aavefoemsiearartbe st taast gnalantgrthd dlensatahd
difference signal. 17. The nethod of clajm 13, wherein the plurality

of respILVERIPEMRRYNCGAIIREF P! 3 MAdigd Rhatiyiantivea tARdFE n the
prural | by olor@URN A T HifRP Al RRAREAL e Rist iRRRNRT - L O cent ef
a the c el e

di stance o ess than one aracteristic wav ngth. 18.
The nethod of claim 13, further conprising filtering the first

pLural i 4 of £e3Panss PLnal s, RARES Qiifnglata 1 dentifying the
receiving a second plurality of response signals by at least the first antenna
element of the antenna array and the seccond antenna element of the antenna array,
wherein each of the second plurality of response signals is received from one of a
second plurality of RFID devices;
determining a second sum signal based on a sum of the second plurality of
response signals received from the second plurality of RFID devices;
determining a second difference signal based on a difference of the second
plurality of response signals received the second plurality of RFID devices; and
determining a refined direction from the portable RFID reader to a targeted

RFID device based on the second sum signal and the second difference signal.

17.  The method of claim 13, wherein the plurality of response signals have a
characteristic wavelength, and wherein the plurality of antenna elements are
separated by a center-to-center distance of less than one half the characteristic

wavelength.

18.  The method of claim 13, further comprising filtering the first plurality of

response signals based on the data identifying the targeted RFID device.
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