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(RFI D) READER [0001] The present disclosure is generally related to

port abl e wadon/dsgmguency identification (RFID) readers aou/usetihoodwsof using
t he sane. [0002] Radio frequency identification (RFID) technol ogy has been
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data to inf or matl on for tracking purposes. SUVWARY [0004] Portable radio
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particul ar portable RFID reader includes an active antenna arra% i ncl udi ng
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20 interrogation signals. That is, these RFID readers send signals that rewrite data on the
RFID tags or that reprogram the function of the RFID tags to facilitate differentiating one
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 signals received
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antenna el enents. The portable RFID reader further includes difference
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20 a partlcular RFID device of the one or more RFID devices.

[0006] A method of locating a particular RFID device among a plurality of RFID devices
includes sending at least one first RFID interrogation signal from an antenna array of a
portable RFID reader. The antenna array includes a plurality of antenna elements. The
method also includes receiving 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.



the first response signal received by the second antenna el enent. The

met hod further includes determning a direction fromthe portable RFID
reader towohelirmsget ed RFI D devi ce based on the sum si gralr/usoa 1t0bes9
difference signal. The nethod al so includes activating an indicator of the
por t abl I.LD reader. The.indicator ipdicates the directign 35to the
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10[ 000 FIREOM A ALWINGR % di agram of a first particul ar enbodi nent of a
systemincluding a portable RFID reader; [0009] FIG 2 is an illustration
of a first particular ' n f @ portable RFID

r eader ; [ 0010] FI gmi& @Egtcﬁi’g ¥ Na@i:%@;ﬂq{é‘ﬂé”&& st particul ar
enbodi nrent of a portable RFID 15reader; [0011] FIGS. 4 and 5 illustrate
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of FIG,_ 2. [0 .6 is an illustration of a second particul ar

enbodi rPé)ﬁabi% ﬁgﬁéé%oe%r{ha array of a portable RFID reader; 20[0013] FIG 7
is acircuit diagramof a second particul ar enbodi nrent of a portable RFID
r eader ;[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

portable 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;



[0014] FIG 8 is an illustration of a third particul ar enbodi nent of an
antenna array of a portable RFID reader; [0015] FIG 9 is a circuit
di agram oloaotiiss@oparti cul ar enbodi nent of a portabl e RETDS2&Nm2aiey ;
[0016] FIGS. 10 and 11 illustrate sinmulated sum and difference antenna

patter | ated.to the antenna r f FIL.G 8; [0017] FI.G 12 s

PR bet aefd €165 125 aisont siadpeuita RleBiraricer srivaaritntalapatatis fio,
port abligafft D reader; WD 2011/ 088009PCT/ US2011/ 020759 5[ 0018] FIG 13 is a
circuit diagramof a fourth particular enbodi nent of a portable RFID
reader; [0019] FIG 14 is an illustration of a fifth particular enbodi nent
of an d#FAGad 4y apfllustigien b pdiflRppaticwag embodimenty gferoantenes arrey fed 16
illustr ' um and difference antenna patterns related 10to the
antenng%ztr%rbgéyﬁg!ﬁg%esrm; [0021] FIG 17 is an illustration of a sixth
particul ar enbodi nent of an antenna array of a portable RFID reader; [0022]
FI G hlé[oﬁlz(l] HGSatésamsl ;rﬁllllanstrdteﬁsimudaa[rtdd et'uihf ang differamdéecantznpatdattenss retatetied
to the antenna array o |G, 17; 15[0023] FIG 19 is an illustration of a
sevént 0 ?P'&%‘Pérarém%fdﬁﬁeﬂf‘? of an antenna array of a portable RFID
reader; [0024] FIG 20 illustrates simulated sum and difference antenna

pat t er ngoF1§/PAEE4 749 ah MRIsARLIBA MR addiktBYpPlicUthemb8diment of BRGERENTA Srrag bf S an
illustration of a eighth particular enbodi nent of an antenna array of 20a

por t ablperRbleDRFHAdeader] 0026] FIG 22 illustrates sinul ated sum and
di fference antenna patterns related to the antenna array of FIG 21;

[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 patterns 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



[0027] FIG 23 is an illustration of a ninth particul ar enbodi nent of an
antenna array of a portable RFID reader; 25[0028] FIG 24 illustrates

si mul at edweuniznssoodi f f erence antenna patterns rel ated t @eCrhs2anteorsa arr ay
of FIG 23; [0029] FIG 25 is a flow chart of a first particul ar enbodi nent
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parti cyopinbRRew pEsderof a method of using a portable RFID reader. DETAILED
DESCRI PTI ON [ 0031] Aviation security has becone an increasing concern. One
aspect of aviation security that can be expensive and tine consumng is

mat ching airline passengers tg¥aiEeb'DE gfioNhi s aspect of aviation
security has been particul arl he bonbi ng of Pan Am
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sui ? cadé‘%grl. Q’b"é%ﬂoé‘ ??Fé“”ﬁf EG%SGF‘NQF A GRS TELFYHE™ -olajaaﬂ%/a%%%% Qha}é'ﬁﬁ%oar d
the ai rsecafity- thAbean BeERpEhSIFe RAY thtd BohsingNamAateRingr#ArlihB Passbhgdrsitbi nes
mat ch passengers on an aircraft to checked l'uggage on the aircraft to
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be i nprac arrport he  process o nual |y

mat chi rgtripasseRoessitame drabgsarcihe HikgHtahatr did moe baiong tarthyrpasseagseatbddrght
del ays and add additional operational costs to airlines. Radio frequency
i dent i @ &ircEHt (WFDPOQW'%H}%\{ B@‘{ﬁ l2xys Webreauingrthahall psingsg@atGhy yi ng each
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be especially problematic where a | arge nunber of bags are located within a
A I G R R R B R A A Y e
cert ai nmpeddtieBl i airport operations. For example, the process of manually matching
passengers and bags can be labor intensive and may cause flight delays and add
additional operational costs to airlines. Radio frequency identification (RFID)
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, airline ground
crews may be expected to 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.
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reader is gagw c?e \éctrecc)i rg/e(r;lgm\r/)\némﬁlg the phases of the sum and difference signals.
25  Additionally, the phased array antenna electronic scanning may enable discarding
multipath 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 readerin 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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[0037] The portable RFID reader 102 may also include an active antenna array 112.

The active antenna array 112 may include a plurality of antenna elements to send RFID

25 interrogation signals and to receive RFID response signals 154 from the RFID devices
114-116. The antenna elements of the active antenna array 112 may include at least a
first antenna element 120 and a second antenna element 121. Each of the antenna
elements 120-121 may include control circuitry 122-123 to control a beam pattern
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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el ements 120-121 may include control circuitry 122-123 to control a beam
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124 mra%gﬁﬁgrm ne O?&%nﬂgpg%a%ﬁds}% ng trﬁmﬁﬁt}%ge@?}% SESésglgh ry
(i ncl udlnngjdlrirgathumultpatmrefse@psesq;rsallsgmﬁﬂ))sretéﬂ)adrtalcthe\eeﬂiem;a cleenents eﬁﬁa

I ts,,l f th t Th t ab RF d
Y05yt 24 Sghe sEviianiehBeditat] o ShepreaPl D Rkl doBahes Asenaideve.
ant ennﬂhé"aff@feﬁée?elré[hl‘?y qpbfRUBREOIRE! 'a"ctiivlé bhenkdtarfay 192 ‘Pﬁérdﬂ*&rén&é’
determ ne a difference signal between the RFID response signals 154

r edéi vetrchijryolR6 mayrhasr eperblene determnng aeclilé‘ﬁmncg signal between the BFIRnt enna

ant enndegrdnenong s o%rsbRPe Haste A B B FelRhde tRaferair B iieer

beam paint&fria glentimtied) hydohe atldasitd stbepah@nna emalitsidy.( hedsecondsecond
interrogation pattern 143) based on the sum signal and the difference

si gnal ,angennsoelemamdildd)-t he control circuitry 122-123 of each antenna
el ement 120-121. For exanple, the controller 130 may determ ne a direction

fromt gﬁ?ﬂrﬁ%bécﬁ]tl%gﬁm BEFES elb@fohiRally BREH bct}%a?ﬁ ﬁz?ﬁ H gé'r‘/ SOy Lﬂeée RFID

devi ce respond to an i'nterrogation signa trate,
po2dablaetiRE-bbterewdaTayl 022 (@y., 2Zbsecmsiintersodation tpattetre 1 4 dpiaaseshors trgnsimvi a

the f t 1 It The f 1 1 1 142
e be SanaLangane Wldsaicd Slons. S bof 48 thel g G iy A 2ol b L & 12
The fi rgfedid QeﬂﬁéﬁtQQolﬂﬂ F&ee)?a?ﬁ[ﬂ@dtl'@:édatl‘éﬂéf €80 Héfy @é‘l@rﬁnﬁ 4 BirestidaF! D

device 116 may all respond to the Tirst interrogation signa
t r ansniftan e pedaklady16) pades 10840 aHmnbadar REIL sevicefof the Rdfd)latcéwl@smhab
devi ce r%g&onrgi 0 é)nnln\ferl?ggatlon signal. To illustrate, the portable 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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30l ooking for the first luggage 104 which is associated with the first RFID
device 114. Accordingly, the portable RFID device 102 may access the nenory
134. The worroriysé®4 nay i ncl ude an RFID device identifi ecTABBotiockh76at i ng an
identification of a target RFI D device, which, in this exanple, is the

first RFID device 114. cotroII 130rra termne a, direct ontPthe
{ar get TRBIOYGR PE ompacad Tos, e offhe: tm PRt HiEErSaEr Frasisc B it of o

bot h, aRd difgcitd Qgﬁﬁb’é\ﬁﬁcHééemdoféseif crb3les @%ﬁﬁéﬂeﬁﬁé p%'ftﬁh?nﬂl?ﬁﬂjs%rbﬂ?ﬂlnq‘f'@
2011/ 088009PCT/ US2011/ 020759 5is provi ded by conparing the phases of

sum andigh anglegrgelutioginfognatiiie phase of the difference signal sw tches 180
as it crosses a difference pattern null thus providing high angle

res ol U0y AR PR Aol 0RO e I5%B1 REM MBI EELY BT Gbligoy ar get

RFI D devr o may g an a | Vé ' beam partt er such

as the gepeedtd armwprtmgaiea@m ppaértrersudiéa thé Ieetorid)lrﬁerg@gmroai patteth r1erc31; etht
toward the target RFID dev rst RFID device 114.

exafpl ds SeReAlY direclastlemaed e taﬁg%ta%lf@ fevas ey theirgf BaE dReichdvd. For
di rect 'é%%nié;ﬁé‘ thBkstliftedRatigh P)étt& &bHdALgvd ﬁ&x?eﬁejogrrle%ﬂrén @}34%3{ oup.

To illus the first“inte ogatronp ttern 14 recte

gener ali$ geaemﬂg tewaai thei Rigl Dddedces dm4-dfl 6tdsea posupabl @ |IIBI§tr®tedelwe Gest102. After
t he response si are re eive t he portable RFI.D read 102 may
ol endiEnagaReT DatSuatis Bt b drec 6 menarab e adsina R B 4 s

pat t er ihokdBIRFID d@@@e@ o rﬁl‘t‘ér‘ tA8 réé‘&)r&%r@@ﬁélbw 54oarrecéibed f thePorfdbldd

device 114. Response signals may be received in response to the second
i ntlér r D i@adpad 02 meaylndlementadaptiveesam forming do geeetaie dmiseeanst r ogat i on

ey e WenBoaTy BEPALEARHiGhID SaRekioT 100 bR N AR FRASI BelY” °

r esponsrvigedny. SR@@Norﬁfe sigagls\(ray bb re€siPem ftrdspohbe t¢ Brosstondtiftaregationn
pattern 143. The portable RFID reader 102 may iteratively repeat

det er nmiRdtteEn A43iasawell- olrloweverhélrtosrtbetseeomtrr[beﬂegaw Bateradkdst Ma¥IBE f or ni ng
R TR IR Ao R B PR 0B o Bl g R
emodi neatargetesl REW dbvice, fgawwrres;pmeoérgr%s Imhagy begectermd patesponse tnthe
deter m.sneic:gr% Enqgrrgbgt?ocrr[ Ipgt?ertno1 3heTrt1éfjl E)grtabl Iﬁ-EIIDDre%ed\elr%82 gy ﬁgratively repeat
determining a direction to the targeted RFID device and adaptively forming narrower
and more accurately directed interrogation patterns to further refine the direction to the
targeted RFID device. |n 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 another 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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performed by the portable RFID device 102 automatically, in response to an
I nput fromthe user requesting a direction to the targeted RFID device.

[ 0041] Thwoporitmkioe RFI D reader 102 may al so i ncl ude thecaiuseaitliozn?s9

i ndi cator 138. The direction indicator 138 may i ndi cate the direction to

h d d 30 di 38
| neP uaMeo, i CoBl Ineiian. ARl Moehdre conPl 85T feaddcioler
the porierhh@labRiaeey 6apti2 ihRricaBlGRDANES slid séﬁehﬁrhefsrtﬁ@oﬁﬂé%uwd al e

RFI D device 102 to the targete ID device. To illustrate, the direction
i ndi cattagelSBRinY denigeuthe cireciiondogicatadi1Sgl ragy mfefrthesjlmpmm fo the anot her

i ndi cat,ion,t onveys to the use of th ortable.RFI D reader 102 a
generaltarcgaie Agﬁ]i:é)[rﬁ] dteglcﬁh%s rﬁﬁf%aé%%@\ﬁ' gor jl_o%fﬁgegqrpg%? ‘on indicator 138 nay
i ndicate an azinuth direction, an elevation WO

2011/ 0466429 AGE pészdbld RI2D dhes¥icedl 02 pidycdiso dricludy ae it ni@t/icem 32 eTled fnput
Additionally, when the portable RFID reader 102 iteratjvely (tgenerat es

addBt | FEVIGet 137 BgatTReeive AR TR HeiUsrr lorsdenidy theparicuiak fargrtachRFHe
target g, [ Q(ﬁ%ﬁ:@ %tﬂﬁ@ |Hbuﬁﬂn¥)mlud@in?mtlo4ﬂ%qo@ymrfﬁg'RfFMBtcﬂﬁ/ il rection

tothetarget evi ce as re accurate information i s determ ned.
[ 0042] |d'é1'ﬁ|f|p0ﬂ8§l$lt@'eal-‘rm helmancary 1132 . nbye sipsibdevice U32 raay iatgounclddeiece 132.

The input 10 VIC 132ma reC|ve|n ser entify the
par t1 ciGgeran A Ede At e Goe e KR IELSe eSS 118y BiBid

i nf or medalue8 ti%d ﬂf&%téﬁo%@%ﬁét@érﬂ%ﬂ% belgant) f iTRE s%%@né‘irﬂéﬁggét"bﬁ pSttemnor y
134. The input device 132 nmay also include a trigger or other device to

i nildi at1d3; anobwk@mueohlrtbeerManmaﬁanea Naysbe santialgonetigally todugheaseefinge

pat ¢ or VBGOSR C et SPre R e R P e o

automatically to further reflne direction information determned in

r esponge043p Theeadteemsens agapl1d 2kbdy ifdli3dnyThembet bf ent@nhamiemantsayhdl 12
may include any nunber of antenna el enments and any arrangenent of antenna

el enentdYTAGRNYY of REig¥Ia lsMentEFolontaar el RortaRig L Terder 1@AKRMAINSo be
D0t ar oot PR EARIG B il o SRR RS REAIRTS 1917 ¢ e
actve targeted RFID devices. To illustrate the antenna elements 120-121 of the active
antenna array 112 may be spaced apart by a distance of less than one half of a
characteristic wavelength 156. The characteristic wavelength may be the wavelength
156 of the response signals 154 expected from the RFID devices 114-116. In 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] In 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. |n 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 In another particular embodiment, a distance between the antenna elements 120-121 is
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antenna array 112 may be spaced apart by a distance of |less than one half
of a characteristic wavel ength 156. The characteristic wavel ength may be

t he wavelwogoh/s8®9of the response signals 154 expect edpCrarsedihe2isd D
devices 114-116. In another exanple, the char acteristic wavel ength 156 may

be a wavel ength o ansmtted 25 the active ante array 112
vt a3 ndhsaniar Setier 36 SRRler ovhETE 50 S of Rn Ayl SRIIeE RGP RSN 1 he
acti ve AakaiddcRiel BY al dRpliofesf tﬁ@ra?]térﬂ}?é‘efehﬂaﬁtv‘qh%rﬁrﬂéﬁﬁa @|e¢1’ﬂ@rﬂ§9|2©2f21121
illustrated in FIG 1. Various conf |gurat|ons and performance of the

ant ennanay bﬁ@ﬁased\aéa@b@am:@éce famd hege-iw-enge slisare er a@enteﬂﬂo czenzex [ 0044]
Inap tlcu odi ment act ve ant.en r as,a first edge
and- o SaBEHACRaNET LI Re i Sl EbleSHE MeSBRAaly B, & PotlBTat: okt

el enentdistadRfe dPvd 8irabyt ahteAha AMVrAeMNE rehe BeNéss mnbatorféab{albmepr esent)

resi de between the first edge and the second edge. Thus, the first edge and

t hd0s e chARGaGRtIcIuAYelengbuwiars ke eftermastantenea sleneeis refier g antepna) n a
f d
pa”'%' §*g)ée)é?!€|/vs twm&rﬁ‘ &%%r%ﬁfg%ﬁ%}@ﬂnﬁh B%Yﬁ&%nw‘rﬁ] éﬁ%{ﬁ’gge an

t he seco ess t an one arac & stT & Wavel

35In arremher meeb(ampllearthemmamafmotuﬂeeardersmaemaets\A/Qemmhmagmwmta/eeherrent s
120-121 is 011/.088009PCT/ US2011/ 020759 red center to center,
wher e é)”@ehﬁé\oqz)fm%ﬁo%f the Cé]aéﬂ%tﬁf's%‘ya}’%lﬁﬂgtht&sg I3 PEEIGUAE center or a

cent r Oihin e it %Hé %M@n@é Sff{‘ﬁ@tantérﬁ‘ﬁa e 8 19b9123|”|"351e§s291a?a2&nef@0rth%hé paced

at a distance (i.e., -to-ed I stance or a center-to-center
di slﬁanm)aracéerssttcrmavejaegthaﬁG t fhey @wamralet hei distiaoceay Sieeagtennastements 120-

partic t he di.stance qf two quternp enna el ene nts s, t han
P harPimay BR Sev R efedbpit Sl S8Rt Gbe ERErE SR Roadtfi g i

el enentsspa@itelar EmbvAiRBEREa R eRBIHCE dTehsRATenH @IEmTelh@s 2092138 13NBak lopeent s
of the active antenna array 112 reside. For exa t he di stance of the

ant enn£ightbriee charepteristic wmgelmtbéﬁﬁedﬁorcﬂxémﬂqa,nﬁamtan@e pbinetantenna he

char act o ce of
the ant ién@‘f& 13&@? ﬁ%@igg&eérress tgj}\gﬁir@nfeourg %h{ﬁﬁgtggcﬂgg%é%isﬁﬁstl o
wagel engdveldrigih 1661  kxapattiuldriemisbditnane ehofcehtie-temjcataralistapo@of thel 20- 121
may be between one fourth and one ei (r;]hth of .the characteristic wavel ength
156. | RNeHE elepiands 18atladi irepprotimatiely spasbdeenthidhe gharacieristienent s

120- 12]wév%lér‘?‘%ﬁ 1@an one ei ghth the characteristic wavel ength 156. For
exanpl e I stance of the antenna el enents 120-121 nay be between one
ei ghth and one sixteenth of the characteristic 20wavel ength 156. In a

par t i cy0e4s] déniopeiatiom the heeradfribe pottableeb B} retider 402emay irtpud thanREMD alevice

el ement ?rﬁ%lfgééé of?héE‘PaDréé’fédrﬁlEI‘ﬂ Me\%cr;]ee fsolr )&aer%B}e tr?é fIFSt[]?QFC[Bad’ea\'/I i eJI’JIftusmg

wavel er
25  the input device 132. The user may point the portable RFID reader 102 generally

toward the RFID devices 114-116 and indicate, using the input device 132, that an

interrogation signal is should be sent.

[0046] The RFID reader 102 may transmit the first interrogation pattern 142 generally in
the pointing direction 144 of the portable RFID reader 102. In response to the first

30 interrogation pattern 142, the RFID devices 114-116 may send the response signals
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 may input the
RFI D device identifier 136 of the targeted RFID device, for exanple, the
first RFIWOdeuis800214, using 25 the input device 132. TReTaseo11/02075P0i nt
the portable RFID reader 102 generally toward the RFID devices 114-116 and

di t th t t [
shot d 16047 e respaney SehelataEind Bk muladh i uf SRERR Tacebitioehvec
| nter T ogahb aaitd EleelA2 190neral o binldieune) 14 eydicianhingnd ddnplighte

portabl é RFID reader 102. In response to thefirs Ointerrogation pattern
142, t mdnhemlfémenceglrgmtryﬂ% may dstarthinethe diffpranse signalalThelsam ande

hat  pbTtee SreRmg e et Bl ke tlipRy 16T REbrlrole S i ey 4T ©

t owar d théeuprandbifferétddsigeaidas db@Anang al gerend! difeclibh %Wéﬁdeﬂhedafgé(téd ons
t hat I__r}/g)(saneratethe mul tipath return signals 1603 ., due to
r eflPectRiIRsd®¥i¢e (3.9 Hee fiest IR 1Ratevise blﬁerlhee@qntrp"@r ﬁarrggy senghone or more

20117 O3RN (et BFOfiRY 1%0{34336& heSGfiERRe R‘a%eﬁ%tgﬁ oo 24oh ARl 8s

mul ti pat rn sig recelv t he an enna el
120- 12%ornT Ittee secora mUarrcig’atroﬂnzﬂattrmy 1d8f whichrie gtaheraetlym"secgamdaloagdhe he

differe ce circuitr eth differepnce signal. The s and
di f f er &HEEMQR aﬁﬁrtgw tﬁéa[ﬁ%ﬁhﬁ{ig‘ G 'Eﬁﬁ??%‘?r? Wt%rﬁggat@ﬁdoaﬁ%@rgg]
130 maymasRald1g rtvAstbeinh Wtﬁﬂ&%&b&ﬂ@l?té@?ﬁﬁb%geﬂ@d RFUSHRNRE di T ECt ion

toward the tar ete?l ORFI D device (e. I rst I D device 114). The
condr oIAo@htlcmdiyrfﬂﬂfB mhr@lleh&@)mampr@vwiegnﬁ:lrmattrontt(néwe:dmecrtrﬂn iodicatort 138 to

122- 123 of the anten | enents,. 120- dapt r e second
oter  SEBeraR asCoutah o TSR ics BaghRahBeon B I er G BN  ect s on
145 t owajrther B etcdhgll@d1 3¥-haydasicnely hﬂqesgﬁgrecaué,drmhé@@abfm aapkern 143
may have a narrower beam w dth to nore flncﬁﬁytarget the targeted RFID

gew ce anigmalarayAaRIuping the aaniol eirewiry 128-1#logeeurd erecesemeeefirefurno L he
438
G oot AR Al LR TP PR LT nd PBSERE S

finely davive.angl e discrimnation of the act I ve antenna array 112 using the

cont rol circuitry 122-123 to reduce processing of return signals received

fromdirections rﬁ IJTB %éectlon 14 towardtggtar eted REID
[0048] The porta reader may iteratively generate a |t|ona interrogations
patterns to more finely determine the direction to the targeted RFID device, to improve
angle discrimination 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 controller 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 multipath 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 tavgevads®ebD device, to inprove angl e discri m nacirars2afi/oedres
received return signals, and to provide additional or better information to

the dir (étion i ndicator to Poi nt the user ﬁoward tone targeted REID device.
25[ §04dP2TRAY USREIPIA! rocessngischniopes 1 ppll URWanigd signals dreeived [om apy

recei vegriiduldh@rétibhY eTHR! fesorddBle RAIbZcbhat 182 thditbe BhRMotBEuS 8h dstes
RFID device to facilitate determning the direction to the targeted RFID

devi ce.sigrais esceinscefromtiba dingstion pftheRprgetad \RFP dendcd. sincreasesragled RFI D

device, .return.siagnals .received fromthe second RFlLD.devi 15 an

Ch o b g M BB LA P HIsh o GeNE ssar hing for e rasBRRFLS |,
30si gnalewickan thapréserdessTansiedothe RERaEYdS (Ehéh a0Mhé ebtsrid 338 thRYRFiDt er
out return signals received froman unexpected angle (e.g., an angle

si dAi f idexipesyl @i fIflél-ent than the pointing direction 144 of the portable
RFI D devi ce 102). [ 0050] Adaptive beam form ng can be used to dynanmically

adj usmw]ﬂggth?@xﬁﬁ{d|él,if5b/tr@ firdt ﬁ]?éd‘régem%‘hisrg[te% _1HE?RP0ér¥e¢B§é%aﬁ'B!e%i d;?ej%@&. 102

in a environnment by reduclng sensitivity to"certain ections
of si grgltharaciivalantdroa axayrpl 2 actdss goentablspaREl ftbmtda denelati@ly wide beam

2011/ 088009PCI/ US2011/ 020759 5102 i I [ .echni t

Ul | U dOLP RS O SR UATY R HyS (45 B S0P nREOGRISTRALOT e
por t able3REhPbeeaf@nattdb a5y eafdibs of Arrives FhalB drif $gRalSdt@nats of eei ved

fromthe direction of the targeted RFID device. |Increased angle

di déri nespansersignals didtail A0 @indeussistihys indermatiosddpatifyingfthe targetedhREWPng f or

the tar d_REl D_devi i he. \RI.& ny.. ot her RFlD Lce such
st ho BTG Ao Y R T OB REC, St BV OB SdIg i Ted °1 oy
the fi rfedm ieatlahegiia @Bmeat 12011 214Ray Be shisdby @amifee phasebre dafstédBy
active antenna array 112 across an entire spatial front in a relatively
d

wi de beapregataretined peighd fadiak ope carmkiegtiemer paihtterdmprovg englgSisaienisatiem
interr [ O t 4 ul ated based on angles of arrival,
phase gﬁ?ésﬁlg%ﬁﬁ)%sﬁtgﬁé?%egﬁﬁgﬁ?fgre#g%'ponse signals 154, 160 and possibly
information identifying the targeted RFID device, such as the RFID device
i dent i fl0es2] ¥36ontidikablebeameguhtieen ircuding mahainllbe abh@(pdssioly eae lor amdre mais

el ement 120-1 may be shifted a uni que phase and adjysted . a

or oot &N LG heqHEY PaTBrUSKS BY kAR BRNS Fright HE: ot HeBroden 2REI e

di scri igaiabi $2 1bhed BSn Bl @MitioRed Akinghfelcdne sl &ftUiry P2aeniac ifferent
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 2.9979x10*10 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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20[ 0052] A controll able beam pattern including a main | obe and possi bly one
or nore nulls and side | obes nay be produced by the active antenna array
112. The wo=bti/mssooand gai n of the | obes can be control | @edTuaseeig/oedied cont r ol
circuitry 122 123. Different patterns can be used each time for the

b 1 1 tt til t T, ta
Sevh oo e hatf WEIREE O B Hokr D eV algndte b BY Setdimice Sui i tieretdss o
on a pr, §b€§ét?€n Qéttﬁﬁblgﬁfe@ﬂe%ewéﬁ%hl‘%@ntelﬁr@é@néﬂt@%q drdl 202, the

illustration of a first gartlcu ar enbodi nent of an antenna array 200 of a
por t ablastgwmeDairandeP may baveisuffisienp directiiredipsiiminatiande deggrmine Bldixection The

ant enndo 8 BRERABEI8 ditled B Rriunndiicn 1) SBH6 REBERYsR Pl el ™

from cestueh plath signbe! adfs tdscribedanitRBN@ItR réfesrice O0AGBId 28R 501
apprOX| mately four inches. Thus, the active antenna array 200 |s smal |

enough to be usable in adoortable RFI D reader. For certain

appPi c 09| Gs Bdnal drchii yiagrageeha {ifst RaRiciaRPbodiment AES POraBBRED 15 .
Taki ng ré%‘ﬁe dTRE pbiEBle RPID Fq‘é%eg@@@f?néleﬂﬁaﬁ%fu9é?ﬂ?érﬂay @afﬁ%\gﬁég 10

cm sec, characteristic wave h of these signals iIs
i nches firStargenndeleteeitS&01tand 85Seecond antgnaei algmeht 802. &ot eramptd, démeatiive201

and 202 illustrated in FIG 2 is |less 11/ Q8800 PCT/ USZ 020759
Sone_ hanierA aTakGiaY £ e aotfisAntoBia s p0e s 7. BRI PP S UhFand
di f f er epgge ShedhMaSarPAB Rty GHaveRifing 5EAGhS of BREhNRANBLISRENRMEENDE BlTent s
201 and 202, the antenna arra%/ may have sufficient direction

di 46ri theactivmaniennetasray 200 af GIG. e?ttT@nilustrahe tihe getiweiamenDa@siayovaddspi t e
the pre RELD d n h return path signals, as
o abs CEREdn? arlht Phlirf Slvs 6 aTrtee! BhRRs 101 0oba) FIe 3 b a

circuit diagramof a first particul ar enbodi nent of a portable RFID reader

300. Theo3s)MmhapertdRie RA1Badade3800 iar$©|Indade@-Buﬁﬁérﬁdlélff@FéMF@ﬁtf)a24®laVi ng a
first antenna el enent 301 and a second antenna el enent 302. For exanple
t he act |f\?eSlﬁﬂt3é‘HrFHﬁ%ﬁeP8? C#Fﬁy'trbe?“t%ré‘aad)cr PYide 2rWn signg ?‘59 axifieincestgna .’

anot her, RSB RIGiIBY 288 i | the
ant enna” 8 Do Eonk TRy Ph M GB b ridB) 2P S o e eGS0 1o
i | R0st ragiapfive beaachormengacdrdrot @iranitrsyof agh lné tlomentehnaledermenisva) kB02n kar
arrays of Fl 17, 005 The ort bl e RFI D, read 3 al so
el v deseslnledhe THier evuileT ety Piovido PPt SehR R P e R B I 2ad try
240 mayfphO¥hANa e‘fémeﬁtémi 3epd waﬁlb%%ﬁaﬁ@esItﬁ@mlcﬁoocmmner szww ol I er
242. The mcro-controller 242 may send conpl ex wei ght signals
provide magnitude S|gnals to low noise amplifiers 221-222 of the antenna elements 301-
302. The phase signals and magnitude signals may be used by the 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 tune 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 components 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 -



20adaptive beam form ng control circuitry of each of the antenna el enents
301-302. For exanple, the mcro-controller 242 may provi de phase signals to
phase shiwoens/@&m9 212 of the antenna el enents 301- 302 PCirruSanaotobes9
exanple, the mcro-controller 242 may provide magnitude signals to | ow

noi se anplifiers 221-222 of the en | enents 301- 302. The phase

o onal SERNHEERESERsRAemg0REt A8 ) (HcaifF atRaTen: SABARYPEE0R.- 302
to geneh@ahlartadagi/ v ke sQeaidhRir REDIRABEAEEHIdNIohE & 8Xpee@ Theay
via radi ators 231-232. The phase signals and nmagnitude signals nay al so or

i n t he sherenuthalseeoftass nydipaih noitigation since itgleaih tsdgonabss peftestionsand
directi (ﬂn di,scri m'tnat iion Iot%e the, acti \r/e eant grbna[ ar% b’ T 8 m cro-cont roll er
242 ma BYVS\;?\ng i e %P%bq ?pv(?% *h |Eﬁ| @ %29 he direction

di splay may indicate to an operator of the portable RFID 30 reader 300 a

di r ect i[0057] & 1G. ballgsiatss Risubh 8@V iand.a differgraetiizine pBiEbD b2 terar3ddapthye al so

I ncl ude additional conponents such as conponents illustrated in the
porlpablb@aRFfQﬂT}eéia!éFé'Fg feptwa ellen@ntia_ntenr[ao@'g@q 269 gF1G. andhs adapfjye pgprs

si mul at | | t

array. et By AR b bleRi e el Birdy PB0TeR b AsEbiay SR Mg <RAcS

35di f f avidne scheafmpatt 20-degesf or the two el enent active antenna array 200
of FIG 2. A WD 2011/ 088009PCT/ US2011/ 020759 5sharp null in the difference

pattern 4 heta .= i.ndi cat es excel l.ent senpsitivity. For. exanple, at
aast 19096 Kl PaS eBilistraiiniS B seeeB i@l SEPPUm i an S EPR The
sharp nyitdy Gdcef @Fﬁﬁéﬁlefﬂﬂzﬂ] Retider NdUohdad thepsitdiie RAIDIeh@&t s02180ERS rabl e
reflections and allows fewer return signal beans to be processed by the

RFILD r ddweactivegoaennapeay $00Iin¢lydesadisstarianna elenent 60 1diprsaspad @ateymem

Pty Sughent @i Rq 3RY Y ferkls BBRE 80TP THE e dHiehiR araf BB, . enna
array 2pcihgnalbeg alfiesit axis hlsuyed franmneshténtosgeater, ofthe andersenslenfernd 601

30-degrees. [0058] FIG, 6 is an illustration of a second particul ar
enbodi AER O olgprIeximaielyiweriRehes AR SBaeNg RN DB SEaRNE ks TLaRHEe fTo ych

as the potdag lc%n%:rlo@tﬁ@ﬁﬂférnn%(@erﬂtgaf;sl 682 and %@§Q)zn gPék{ﬁla%ﬁ%‘%@%@% 800

i ncludes a first antenna el enent , a secon nna e and a
t htd garicutar e@hbodinierB0Be fifbeaxas i9 perpendientza tathage GOl dvds. Ipaantige al ong a
first axi.s rrerur ed f rgﬁbcent er to, center of the anhenna el ﬁ}rer_,ent s 601 and
602 of a&b}ﬂ? GRIGRIEANAY QRO CRYFISJes inalRPeieRp SaUBHRyINgNER @8AdS USSR sur ed
from cemopghtts beai®le Rfa bBRaBIBIRPIMArRIdRIE AuditRRAIR e @Pterifa SBRIH Mt ely
two inches.” In a 20particul ar enbodinent, the first axis is perpendicul ar
t o t he 6§de@htiaxagangarbinemnppdinear configuration (specifically, a triangular

configuration). The non-linear configuration of the antenna elements 601-603 enables

25  determination of directions along two axes, referred to herein as azimuth and elevation.

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 601-603

-15-



active antenna array 600 covers |ess than sixteen square inches and is thus
smal | enough to be usable in a portable RFID reader. Additionally, the

ant enna evermmtmss@®d1- 603 are arranged in a non-linear ceoffiusariaoearsy
(specifically, a triangular configuration). The non-linear configuration of

t he _antenng el epents 601-603 abl 5determ natipon of directions_al on
oS o dGan et B PG AURN CLD BT B, it ey Do AN en s ermee A com
and di fﬁO%rrﬁBQ%esérEHI@e‘éI Ih’%ﬁeﬁ R?'in b&litférant hRdhsar &6 § Q_id?ythrathé%TcﬁVé‘a

el enents 601-603, the antenna array 600 may have sufficient direction
di scri dntennaparray 68ewdFtione. dr anathier enamples\spacioy, dizeeer boths of theaantanget ed

RFI D deyi i th f | tipl.e RELD devi d | tipath
et ur n NGy AR 88 Mk BY BRRPER on B ShBfi Stk iGN 87 el
parti cyl@éheptEBsi-eenbf ffGagportabl e RFI D reader 700. The portable RFID

reader 700 includes an active antenna array having three antenna el ements
i ncl udi n(? a first antenna el enent 701, a second antenna el enent 702 and a

thilPd dAPeHThesp@taiie RroB.repder EXsiudes 1in apdidideranee sRUIEY 04D s/ Ot t he
active it efica Hi?fért—ff}%% aFcuﬁb%ﬁméWd&@% &'a Sty fal é*&ﬁfe?&ﬁéé’ Eigﬁﬂf, enna
I fter p of 't t a

35array nay have a ent acing’or configuratio e anten

el enentos bofH,-t&38d dANGwDdflthe 4 19 PS5 eStrebantehea atdmert 20t enna
array 60% tﬂf Fl G
I

6. F I t t I 701-. 70 b
o F e Praseryd SnteraSRTEnGy Bt THe s S (B CHispacs Si9nEhah DOHE
active iémfnad &Ry fiRAQuR ald GiffPenddcifdlfi 84 1 PXABE Provilas td8ecstiZ&umOr
both, of the anténna el enents 701-703 may be different than the spacing,

si &, @ndudfferenee dineeityridéhnbhe seeend supendsdifferscelagcudry 841] o@yqjrovide

portabl e RFI D r r. 700 incl m.an LIfer ireutr 40 and 641.
st s Ang et Bere R IO 6 BT RSl B Lo 4ol S Y 2

di ff er effsrentgBRInalPreceivel, frdrasies fit suwpand diffeeerdy iRaAtrg baMRtthesuch as
the first antenna el enent 701 and the second antenna el enent 702. The sum

si gnal Jefpinigg pptansRclerieghdn thigcape: the thisd apaniedelsnenhéOBi r st sum and
difference circuitry 641 nmay be provided to second sum 15and difference
circuit E i-Ef j L g rovi de a
sur o1 Jodgtfhe MRZoTBERGLSD AR S SERIE o SHERN by gl B i
andodi fdireuignyad esichrudltse natarinaezlefeats 70 70Br $tor examgohe tHe infierceoa@radier cui try

641 h t I t, ..n thi W the thi t
ol emento470%2Y POOUH} PRRSS bR ot srls ol 636 e igeieeleBeBa il v e
beam f 91001 N8l dHRMArUxaAfSE ! hiihico-8bn@aRdt 642 g pRVIEE WRIGH IS to ol 703-

For exanple, the mcro-contro r
noise amplifiers 621-623 of the antenna elements 701-703. The phase signals and

weight signals may be used by the antenna elements 701-703 to generate an adaptive

25  beam form that is radiated by the active antenna array via radiators 631-633. The
phase signals and weight signals may also or in the alternative be used by the antenna
elements 701-703 to tune angle discrimination of the active antenna array. The micro-
controller 642 may also provide a direction display 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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642 may provi de phase signals to phase shifters 611- 613 of the antenna

el emrents 701- 703. In another exanple, the mcro-controller 642 nmay provide
wei ght siwoabsi/tsgoobow noi se anplifiers 621-623 of the amCensaoiaiozorent s
701-703. The phase signals and wei ght signals may be used by the antenna

e act DU E\Ceia alayPeg of 2Pl et Guar waRoTIRg oh deentsntap ko

wei ght &iagétﬂtauérw@régd&{ sLibh bBen&bbREARIRMMD Réader a82f FiBe 1antRNna
el ements 701-703 to tune angle discrimnation of the active antenna array.

The m @nteryenairay BEP itzludemy fisstamtenns elganent &0 estsecandiastsrmng eleenenhe

di spl a 44.. The direction displa indicate t,0_an rator_of the

por ¢ abi02rei o] EalRrr B b Rnibp R M A BuE g B Bl BBFpThE e dnen ¢ he
ant ennarelyedthas 4&padhg rmegs@wetdngr enierao Benldr e e SoRNhEWIGhEAR, 80e

di rection display y include direction information along tw axes, e.g.,

an 18zi AndrBQf &b%putr;ramma agienepslamests) @f peptRdnatalirfau énghasy e desaribgd

devi ce.; F - g/ RF '
Coeh’ willRrBRnbaRs #1672 b ERAGRIrEhE WEEIHAO o Bl ) tor B RF G haAeaRe Nt o
\Aﬁ 2811$ a?aowg?mmm;m%mfeeﬂpa&?zkn@ @pa&ngg)égﬂe ?Ulenmbs?aﬂgtiennaf | %

thir rtcr cu e | e (0] an an nna rra a rta e

r eader I,% %’U@ﬂtsa@k ﬂgggaf‘ﬂ% sg tngn pne diglfera 95% (qu.eagggt Q'ﬁg V‘éﬁ‘}’(eé?ﬂéj!‘:%l)r ray
800 i ngjjydpe c%niérftélce?ﬂ%reéﬂé%irgd Sfa %\%gf !écéﬁjantéhﬁaeél%ﬂ%rﬁ@&ﬁlﬁﬁaaseih%rﬁgf 802, a

third antenna el enent 803, an urth antenna el ement 804. The ant enna
arday &mtenrsselemsnd 80 gnietheresdnfl pitervenelemeand 862hisdesstharhabaitamena

| ts 801 10 and 804 (t t t ant | t f i, mat el
Four 1 1broer wavefREu " detprina nBe BPiEnE o BAFRed nAVED ShallacPEBP S HE™ 'Y
wavel enghbleipesdpoialsieREADYeBEER Bzmwmgihg%drﬁ aRfWifferéRecd sigheleSasctvis,

the center-to-center spacing of the outernbst antenna el enents 801 and 804

i s | esgetuimsignaés reseivegdneinerajitenta etlementsd 80l -804 thevantaneaqrray) 8ehmayhe

ot ennd el SHElensaREH R e Bih AT RALARS LUERTRGS O BRRTR. Shouc
ongoqualevie despiteehd pheseiweasfannigble, RFIEdevites aad anultyatBdeturmypalie sigmals

enough to be usable in a portable RFID reader. By determ ning sum and
differ é:r\’(f@%itbﬁédéj'tméa” naglemgnts t@ﬁhﬁge PrEsen @dhﬁfnttwaaﬁ'fré}‘lﬁgoéserrent S

801- 80 v f i Ci j j scrim nation
o det SomTREe g N A B R o O 2 DA pr o Epl ot St e
of nul tdigdrieniR&lidn despitetheastdaliarsizepat therasttemma pleinfrerds §041804 &sicomeared toe
addi ti gpal ?nten a el grzﬁg hat are present in the antenna array 800 as
conpar e6° £8'9HE el “¢Afa array 200 of FIG 2 may provide i nproved
direction discrimnation despite the smaller size of the antenna el enents

801580406631 30 ENsHrEEUIbPe BB dIE RN AR R BoRthan 20 -at&hna elements are used to
form the antenna array, such as in FIG. 8, the antenna elements can be organized into
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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25[0063] In a particular enbodi ment, when nore than two antenna el enents
are used to formthe antenna array, such as in FIG 8, the antenna el enents
can be orwenomedsiont o sub-arrays. For exanpl e, the firsttcanisennazesenent
801 and the second antenna el enent 802 rray be a first sub-array ("1st Sub")

d th hird t 03 f th t | t 804 b
A Sco A ey 89T EU8.Bn 6 5ELs Sy 289y man BIrbits iy AN Sy
el enentel(gfgénla'écb t R olhHh GrRdh R eR Nl R Beat TS, /g Rt r’@)% Sf'sru%tar%% array

and the second antenna el ement 802 and the fourth antenna el enment” 804 may
be t he ilbustrater kublGard ayd subsenuent figuesare ikuciatve andiwtfimidng.ant enna
el emrent 801 and the fourth antenna el enent 804 nmay be the first sub-array

20 ARG 215, 4 LR TR 020 D PR TN £ 3R0R A T

possi blreadmooaxalﬁ@bertableeRFlD Edadku®00dnclayesray dctice ud&artrimreﬁﬁapha\hhg four
antenna el enents, such as the first, second and third

2019/ ogBiRIYIECTe mmﬁ% Tt i LETaRR L8, S0808 Ankelena e ond
sub-ar Ogﬁlmﬁr %ér@Hén?Q%aéVifBrf@%_ SHRMna eient o8 %Pégﬁr&ﬂ%%g

el enent e groupl ngs arrays i ustrat ed
sybseqmm/ebngmrwrmyemalylbjsiﬂweaaotl\ve anenmeoarrby BDOiafdr|G[ 806 pnéthér 9 is a

circuit dia rggr of .a thkrd partlculﬂaenbodl nment of Q}ﬁ'étab RFI D reader
900. Tr?é‘aﬁb‘g? P ACHY? BNIEUER TR0 BIEY TEVE R SPAHNAOf CORIGHBHOM ARG ng
four 1Qashentzal- Qmma‘t i$ BffcriehttBan the éét‘ivé‘é‘ﬁt@ﬂﬁé a‘?ﬂag"@@ of¥9E. & I$<§3r<30”0I
ant enna el enent 902 third antenna el enent 903, and a fourth antenna

el éfentexaorple,Abe aébtermﬁ elerrterrés 9011904 raav derarangesyli ne@ylytm in Benanchiness

may nager Bo@udf4f apoligk efguels AR o2 ERbEnn " hediinlte SBAFERS B <
di ff er @4 mbabetdifer@dt thed thatsparmgasizay oBRetho bf ﬁieCant&nnEererﬂré@tsaml-@m t he
antenna el enments 901-904 nay be arranged linearly or in a non-linear

confrguratlon | n_anot her exanpl e, spacing, size, or both, of the antenna

el enent/80659 10 agrﬁrt'%@r E@barirrerteme aHanna Hlergerais; 90 -9 268 cqiifiaseth it the

oo RuBL T, P fofRle PR sl RRIL A BSBELIR Bhn SREREIEE

90Q0i ncc:hmdﬂar&y 841 and 848. §'darednrs|t anthsecuhddsdrh emerditfierence circuitry 841 and 843
may determine sum signals, difference signals, or both based on signals received by
antenna elements of each respective sub-array. For example, the first sum and
difference circuitry 841 may determine sum and difference signals based on signals
received by the first antenna element 901 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.

[0066] The micro-controller 842 may send signals to adaptive beam forming control
circuitry of each of the antenna elements 901-904. 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-controller 842 may provide weight signals to low

35 noise amplifiers 821-824 of the antenna elements 901-904. The phase signals, the
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20circuitry 841 and 843. The first and second sumand difference circuitry
841 and 843 may determ ne sumsignals, difference signals, or both based on
si gnal s rwoenuvedsiy ant enna el enments of each respecti vePsmhrsarinagye7s¢or
exanple, the first sum and difference ci rcuitry 841 may determ ne sum and

difference s S d on  signa cei ved e firs t enna Ienent
0015 andveisia SERs cori B ey AT By % SR ia Honare Ubedl Pret fina:
The Se%@%tﬁé' %éﬁﬁp&térﬁ%@ﬂ@@a&b@d‘b& the &ﬂ%nﬁﬁlérr%‘?t\ﬁé P dIStops! BB B4

di fference sgna s based on signals Teceived by the third antenna el enent

903 and\ddiléorr qurhn tahﬂ @ltﬂfaa@veeﬁbalpheea stgmalss the wegd@maésmrmfaynsy geal .
The first ,su arr second su rra nal received
o sum R WP I e R e R U G e

may genrgrate a sum SI gnal and a 30difference signal that are provided to a
m cro-controller 842. [0066] The m cro-controller 842 may send signals to
adaptive beamformng control circuitry of each of the antenna el enents

Qgi 9040 Oqﬂ(},rﬂ@(@%q}@on{rﬁ@eqﬁ@ B2y HeQ Blquige 8y eﬁﬁg,n SPSBJHYd‘éa ﬁ%g@P@Y&% to
Engnen Wé%gé&rﬁoﬁgdésﬁéﬁ raﬁagé]gjerraypg'lragw (2{ ﬁmz)%hr?tb%gﬁgln[gfes@q}%tWW 35no0i se

anpl i f idiesti@2 o 824rgeted RE Ilamiemma When*delm an%ha%dmeﬁtm&)%é@é &€ gnangedt he

WO 2011/ 088009PCT/ US2011/ 020 5 t b db
Ve o TR AT Ak oD TSaEIg B e math SiapiSy, Moy iRt OE ﬁ@&?ﬁ%ﬁ%@%@’rﬁgt A

radi at %ﬁ@’tv@cﬁ‘ﬁxé’é‘tee@”ﬁnaéz"rﬁMtthilPedt@ﬂ'aﬁoOé@e@étlgﬁﬂlre&% ) ﬂﬁ@fdrﬁet‘éﬁ in the
alternative, the Ehase signal s, the weight signals, or both, nmay be used by

t hdSantRinBedevliesrehbe poctabBEORFILy reades 9gnay alssdnciideaddiionel comeonarisnna

i < 2yttt B3R R 3he Boudbe AP Bl MR ac e "To an

operator of the portable RFID reader 900 a direction to a targeted RFID

devi ce.[00¥sFIGise 1arﬁrﬁh111allleb&mymmu9éléd 20 ane¢ difforemgesighalsaelzted to adeur
configuration, the direction disp may include direction informtion
al ong t%“ﬁ%%”teﬁnﬁ arrayn RG; ﬂﬁt"ﬂ‘r‘sé'l" QTR iSHA BeRMArtiereJ Q0 snda differenae to

Lo R BaASTASO e i rou it 08 SO ARARHOBT TRy ey 1S
redfer abdenre elem@ntd configured into sub-arrays as indicated in FIG. 8. That is, the first
antenna element 801 and the second antenna element 802 form the first sub-array and
the third antenna element 803 and the fourth antenna element 804 form the second
sub-array. To generate the sum and difference beam patterns 1001 and 1002 of FIG.
10, the antenna elements 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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[0068] FIGS. 10 and 11 illustrate sinmul ated sum and difference signals
related to a four elenent antenna array. FIG 10 illustrates a sum beam
pattern MWORommds@odi f f erence beam pattern 1002 for theprCows2@ieners active
antenna array 800 of FIG 8 with the 20antenna el enents configur ed into
sub arrays as jindi na el erent 801

in . 8.
oS aleliania b 0B stbiaeterram th skt aith JhirdAp yOLHHHaFWé‘”?hr d
ant enn%l&h@ﬁ@rg0389§4 @@aefe’f'ﬁlr{é)wfetdﬂff@lréﬁ't%@@?gr%lemarﬁ%llflﬁlfﬁﬂ bier&fReo

sub-array. enerate the sumand difference beam patterns 1001 and 1002
of FI Gpaitemﬂﬂr ahtl batea= 6F éndieatss dhpeven mﬁe&yrae@osrtnﬁredrtawed@‘emnﬁeed to

formsub-arr 2 Lgpals. .Th Sum &ldrfference be att rns 001 and
1002 ardiaE WaonEleEhe e it 2l B0k B GRER P AP o ot Etoriy
di f f er enegpdebd eMheldhd?p aull Bt iddicated iRfiroa @ multimitpvatgswiei tivity as
corrpared to the drfference pattern 402 of FIG 4. Greater than +1-10 angle

ection RFI D reader plications is expected. The sharp null al so

TR Lt FiBot2ds AOIISyREAN 9 i GHEN RrURETIRONEI N of an Aaenia A% can
30 be reiy gﬁf%dpdg‘g%)léWgo%gfial{:%&%h%%ath??)%?t%le”ﬂﬁ@?eﬂé?CIWI@/1thﬁt

portable 'ustrates a sum beam pattern 1101
and a diclifeeetermabareay p200 erohudesO2fifsbantdnnaf elemeet ¢2@hta aetoncartenaana
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35 801- é%g@mn awremﬁhéag/e%oqpare o ScBHAUBH R figuiiRre UM dbctRearibhiss and

second WD 2011/ 088009P / 020759 5antenna el enents 801-8 IS
subfr agrey TRQQﬂnasrtep@@m afongne: fiesh iaixt$ raﬁasmredrftcrm santaina cen@mﬁthse B38-804 to

determn Lff i ffer tern
1505 nenebftEeRhldsl TaPE ahudng inirdodRba dbthepl f08r hibRiilleR

di ff er efsRestdid epacingaloply dbérort axis adiuréd fromtderdter ﬁﬁ@érﬁeﬁ@[ metﬂr@tn for
RFI D r eader appl ications i s expected. The sharp null also indicates

i mpr ové@teRNa elsatant 201 gad the secopdentanna eemept 1203 0f epPiRximatehoivaf a
| QA AR H ARy o ARV BNARR ¥ e RN OFTLD
ar nay b?&ﬁ[hrmetttmtbleefeaerhder &t Flﬂttzirranehaheteasmc Wwalélengttsesahibly aattainrRFIE enment
1202, a third antenna d a fourth antenna el nt 1204
ar r angd8ChnPIo0iR is Phacte” 531931 ¢ BessentgrioRUiLsyacanOf Hin 3AEBRA The
active &th8Ra®801-804 is about one srxth Wavelength (i.e., about 0.15 wavelengths) 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 multiple 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 measured fromcenter to center
of the first antenna elenents 1201 and the third antenna el enent 1203 of
appr oxi nawel2gittosgoobnches and spaci ng al ong a second axi CTEB3IUNAL75¥ om
center to center of the first antenna el enent 1201 and the second ant enna

el epent ;1202 t two inc rst S econd
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suboar iy sebdi‘ndstthllrdi afdddinet anedmal demiches 120511208t 8th @264 enbird sLidOdrrand t he
10 fourth antenna el ement 1204 nay be the first sub- arra&g and t he second

ant ennd@y Bekite f?(fEStaﬁQC(?rl‘Feaﬂqi\ﬂcc?‘ﬂﬂhﬁ'ﬂt@ﬁﬁa elerappist 1200042 @”S’e1 iMe a§€c§bnd
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na ne o t he

three of the ante I'enment s may e firs -array an
ant ennanel EitEnt Iskewigef vamnoushegrosips aidwves @intenraagiensints hmylt;e oaeized imar e of

exampl SUBTHENS UR Sors dh i) (i pHieine, Memtanes 1 PP 203 umisdii ot

anbennangh 8RBRLS-akedd. 1202 and 1203, and the second sub-array may include
the second, third and fourth antenna el enents 1202, 1203 and 1204. Further
nore than two sub-arrays may be used. For exanple, the first sub- arraé0

4

i ncl udd09Re FIG: 48 is ariredit giagresuefta fauitheparicere reposimentiof aiporabiaRAIRo4:
e e igadeySAuc TRy sl Sk R 180D fidies AN aEH G BAchRY A ARG

el ement's sub-ar
four antenna elements including a first antenna element 1301, a second antenna

element 1302, a third antenna element 1303, and a fourth antenna element 1304. For
30 example, the active antenna array may be the active antenna array 1200 of FIG. 12. In
another example, the active antenna array may have spacing, size or configuration of
the antenna elements 1301-1304 that is different than the active antenna array 1200 of
FIG. 12. For example, the antenna elements 1301-1304 may be arranged linearly or in

a different non-linear configuration.
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may include the first, second and fourth antenna el enments 1201, 1202 and
1204, and a fourth sub-array may include the first, second and third
ant enna evermentmss®201, 1202 and 1203. Li kew se, vari ousPgraispel1oto7sao
antenna el emsnts may be organized into sub-arrays with sone or all of the

t b f 25 b- . [ 0072
B JoFLTT & Rarlitaar e a6 Sitenns sl L e f Sinie s Tourdd ims 2!
por t ablsgnBi &)< eAepodA0E RATDErcaee! 49b@.ri%h‘uciésrm@ti§ﬁd 5306hd Bgnugies an acti ve

ant enna array havi ng our antenna el enents i ncl udi ng a first antenna
el errentdlfie}emce sirewtripri@4ararshhd el Ehe first BROZecand lsiundaad défatanes eineuitry 1303,

my o eAd A T B ETRThe 2 sigbh SRR B BnalsafioBity BEERBRC e

acti ve rasp@ryessighals Yed@iyed BY @nsdtad Slgmesits 6f @4ctt Altpegtivasisarel. tHe ant enna
el ements 1301-1304 that is different than the active antenna array 1200 of

FI €0 12xappie.dhatipstesun pad giffergree sirewtnt24130ay dsteaming swa and diffgeance

i nearl

b0, 0SBl bRs SR T 008 b 95 o d BY MR ohfiimaBbment 1301 ap the
ant enndowrtte satenmaldOhehB 0304 teforond figat set-arrdyosigodl: arlheayscontheumpantlabl e
RFI D rﬁ%? 1300 i.ncl :égt%s first and second ggrm and di fferencg circuitr
1241 arstfferenge cirggtry;l Ay deisrBiee sy thdifferenceetigrals based onyespansengd
1243 mayq e F‘éd@l\ﬂé%l @}’fﬁesé&ﬂﬁllldsantghrﬁé @fe‘?ﬁ'é?ﬁ ﬁo@rﬁ’r{ostheochlrg%tnlfbnr%é@%é?ﬁ

response signal s received by antenna el enents of each respective sub-array.
Forl 5 10eh38dpbdornn laesefcondtsubarnraynsigdal f Breefikse submmytmgnalm theysedeneisubne

sum and_di ff.erence signal.s based on onse si % he first
ot enndENEHHE T80 be PR St LB eaerin 1248 The Sarand i ¢ of
sub- ar rifershed alreuitre 230aAEY ge HEYAG A Hlinh %?’n@ﬂﬁﬁd &l diffiehiehnicy sighhs theare
determ ne sum and difference signals based on response signals received by

t he seds@addadteamaicer-eaniiellerd@42and the third antenna el ement 151303 to
forma second sub-array signal. The first sub-array signal and the second

ub- iy S Rlor TR RENG SRy Yor AN B ABRRNGE RO A0 The

sum anc! ce Clrcul erate a sums
di ber eirceitiyi afreachtdfdhe anmrmraoalenlmdtst 1)3@11 -304 oFooekamIplearthéx?ﬂﬂé‘ro ¢d]ﬂrb<llbr The

rricroc troIIer 42 may send signal s to adaptive be orm ng control
20ci rcui ?W‘%Y pé%\ﬂ‘%e 8*‘%%@'9&?? seRihaseatidiars 123d1t 211é€¢atwﬁ@r”t%r“ple€‘eﬂ the
m cro- C1‘3'®t1rP3d4erana?rﬂ>¥hé'iBé/xa‘Pﬁ&é' fife rﬂfb?‘é%oﬁtr @@4%92%%88%& t%l%r?a'llé 1214
of the antenna el enents 1301-1304. In anot er exa € mcro-c roller
1242 mdg lgpw ovisseamplifigns 1224124 of the antenna elements 1301-1304. The phase
signals, the weight signals, 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 tune 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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to I ow noise anplifiers 1221-1224 of the antenna el enents 1301-1304. The
phase signals, the weight signals, or both, may be used by the antenna

el enent s WBQAH11MB9t 0 25 generate an adaptive beam patt ecm/ushati/oeewsy adi at ed
by the antenna array via radiators 1231-1234. Additionally or in the
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The anten a arra 1400 includes a first antenna el enen 1, a seco
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el enenty %%v@% hd | A%@@Biﬁé@flﬁnﬂ&@?éﬁce%qfqea@ é%%?adt@n@ﬂd\f?é‘véléﬁ@ﬁoo has

(e.g., rectangul r or bowtie) configuration. The antenna array
a éﬁamwgddjym&]taan RH@tteMdO@leasmabwtﬁbﬁllmémSerTthS trencentenfo-cémief i r st

antenna el enent s ﬁ?FOé nd. t.he seco g tenna | enent 14|02 q% approxi mately
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1404 of a gom mately O wavel engths. As explained wt erence to FIG
2, a chwpastiera poitabladifdDeiegdRr-15used by certain RFID technol ogies is about
12.9 inches. Thus, the center-to-center spacing along the first axis |s

bout 7
2cggr di ?1‘5?5’;1 ERF(E&% Fl%véegant enndzji'ﬂgFe?.,g%rb?%%%g bﬁ@%@r'&ﬂlr@fﬂrﬁ sﬁ%’[’@ﬂ%&g Vljjegia e I n
a port ahé entrind eleadats 14007405 B}nedz&ttemmn airay 1400nayg hdvé teffieiene degial s

based op return signals receiyved, by 20t he ant a el enments, 1401- 1405, the
antenna‘Prl ISErinipatoniy HelprmiE? QIEP?WYM Qfg?t@&ﬁgﬂj device despite the presente

of multiple RFID devices and multipath return path signals. Further, the additional
antenna elements that are present in the active antenna array 1400 as compared to the
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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discrimnation to determine a direction to a targeted RFID device despite
the presence of nmultiple RFID devices and nmultipath return path signals.
Furt her, wbeonddsdiwonal antenna el enents that are presemrCTius2tih@2@E6ti ve
antenna array 1400 as conpared to the active antenna array 200 of FIG 2

nma rovi de i royed direction d 25Furt h ince the antenna
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array gylieatHsds e&béét%al %éjér%b'ﬁﬂll%d PRliddled H@Itﬁ%ﬁﬁmrﬁ gékion §h@é‘9 an
azinmuth axis and along an el evation axis. [0078 tionally, as described

above, undesuablenatiecionsearesejestpr a.rzri)f}:wmyrewn @ml beamsrmay be-pipeesasd For
exanpl u f ree or four of the antenna el enents 301401-1405
may be%é/otﬁ é)ptrsagge BH@T%%CE arrays. Some or all of the antenna el enents

1401- 1405 may be included in nore than one sub-array. [0079] FIGS. 15 and

16 i1 yeosntreGs i Bullatetesarsuantect bife redifferepicena@o be%irﬁfpedetmfd‘rlmﬁ ant enna
array 1400 of FIG 14. In particular, FIG 15 illustrates a sumb
patlfer i? depye Qﬁamafoﬂ'nrefjé’rsﬁlﬂc@eﬂéa’mt'ﬁﬁqt'é? @niese arkay 14Q0 phhkiG; H- sﬁaﬁed

pat t or rCEE0Y DeAli e fing ol &2 acflis AuS R RuB o0 wbSe RS
5excel Iseahns@ irsspacd, with drecareragiel af grasdter deest 30-/degfeemigbm thelceatdéron f or
RFI D reader applicati ons S expect ed. The sharp null al so indicates
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FI G  16&itH ‘J/éJﬁJsaér%fé:lrﬂ;sSlﬂG@OIB Q0d22 a‘ﬁdfzcéﬂ'llﬁélﬁﬁejs@rﬂala@&@%rmaéﬁcﬁﬂllffeféﬁcean 10

adapti ve beam fornmed using the bowtie active antenna array 1400 of FIG
14 15Thsignedptelgteddedhe tW@ﬁﬂﬁ!ﬂeWﬂtﬁ@n@@WﬁW@f tePve/ afl.edinendPBay 1400 can
be el e%gj&#ﬁ/g!}%y scanned in space, with a scan angle of greater than

30- degr €€s the center. [0081] FIGS. 17, 19, 21 and 23 illustrate
enbodi ments of two el ement antenna arrays with various spacings. FIGS. 18,
20, 22 [6082] FGiL T us tndltustration lofh begixth partadadembediemsard of an antenna array

1700 of a portable RFID reader having spacing of about 0.5 wavelengths center to
center 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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15signals related to the two el enent antenna arrays of FIGS. 17, 19, 21 and
23, respectively. [0082] FIG 17 is an illustration of a sixth particular
enbodi mrenwoabiiznss@nt enna array 1700 of a portabl e RFI D Preadseothari7ag

spaci ng of about 0.5 wavel engths center to center of antenna elenments 1701

d_ 17 I Al t | at ed..s odi f f |
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array 1700 has good sensitivit sel ection. IG 19 is an
i |1 ust mnt%mf@mt@rweelemermt@aﬁm @nda%Oerﬂﬁﬂi @énﬂusiwata&smulem:ﬁm aag 1900 of

a portaple RFID. reader | spaci ng. of v ths enter to
sbont aiehcs Sl Sl h 1 BRATHAG Y SR OIG 23 RIELERERES 65TAT, oo
sum angr@ dikteerhcRasélengthssp=Rirdf 6ftht iritdren Rslceitiias 280 RundYH) 20therend® and
il lustrates that at one fourth wavel ength sp am"blgS@Of t he antenna el enents
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| ect | .
Zﬁbgg Ir%%% wﬂtﬁ q@élaan%@nané%eﬂég%?%%% of Va Sg%rgg;}gl lgﬂ%?fpgpﬁéjaggwu@iV| ng
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2101 and 2102. FIG 22 illustrates sinul ated uma d difference si I
r el at ed@fay RANGREHRHEP -SPhiey SpaginI opeEixiognthnvayg ?fﬂ&t gtweep RFfacRNt one

ei ghth éﬁﬁérﬁlé@l%?ﬂbrﬁ@@ﬁblﬁla Halveli H\%r@\%oeﬁé}%r%aﬁfé%%%t@é% tl’%’é‘ﬂN@éf@nérﬂe ant enna

array 2100 still has good sensitivity and angle sel ection.
2013/ OMWQXBZGQQMEGBS% y[hilegsdinEidng 28ry smat qvbl'ajbdlrrmnlsmmsajf theni nt h

ti nbodi t of t 2300 of t D d
Dot e B8y BB aRhm s s e Shile R el Rul s 2bpte P ainEide
el ementgheZstdbepthocetiOR2to-Edriter gﬁadlll‘lé pslesatesn sha&THR eﬂwtﬁéﬂé\f@[}ﬂe@rﬁérﬂr ence

signals related to the antenna array 2300 of FIG 23 and illustrates that
at one ahisnnecAlray ke sHuatg eonfigaicatian with vRe skrieenthcantemeontentonspacig NeE302
t he ant

®U8fan area of about 1 square inch.

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 although
FIGS. 17-24 deal wth two antenna el enent arrays, sensitivity and angle
sel ect i orworyiissdoar t her i nproved by addition of nore amrCEnsaoielogoment s. For
exanple, a four antenna el enent array having center-to-center spacing of
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RFID reader 102 illustrated in FIG 1. The antenna array nmay include any
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t h?Santmﬁha@I@RFb@ regderi ndieudetBBainckidas. all 260 sendingdsdeastinne fist RFID
| 2 12. 14, 17..19, .2 i i
o er U B TSPl holfhoed brebior dPonhe S EERAR A ThE BHEP R e

si gnal RmD freedeearipviadutie @m RRAIDRFddded e duectibed with efarsho@teFIost hed,
portabl e RFID reader, at 2504. The first response signal may be recejived by

at | easkheaparfabie RfdPéﬁEﬁ%'l“é‘MéW'“% afRCtYA PEIENZaRNraY that inakdes 3 ehsatly
ot or motEhETER olBnernis, P Bt DAt sl BB ST AR § Sebbge tiRas fonfh o™
finst ramsgurselesigsibf thecadtivedaritynndnarray tisdt eahdrave @ partientar phdsée aadf i r st

amplitude such as the first interrogation patterns 142 described 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 to 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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response received by the second antenna el enment. The nethod further

I ncl udes, at 2508, determning a difference signal by determning a

di f f er encwohetvasemwot he first response signal received bycrhs2diingd7sant enna
el enment and the first response signal received by the second antenna

el e The net hod al so i,ncl udes,, at 2510,, 10 determ ni a direction from
C hes o s PRCREIana By e YO TR B edy SubBeys LA AU ARENGR A and | e

di f f er i Hlosd@Han M@ﬁaﬂehhgfé@rﬁén@la%e pré&dntde at, 2512, activating an
i ndi cator of the portable RFID reader. The indi cat or may indicate the

direction to the RFID device. [\@688; FIG 26 is a flow chart of a second
par t i cUP@R0] ditsoneinas mey alsaviec at 2680, rapcasaiBp & MepIsy RFiE pedakie RARe

hod sending.
R R R S R
reader inelydé ag2612, fheritfd Persladsity afredponse bigaaly rebeiveti dyethegoriabld RBID

1-24. The portable RFID reader may include an active antenna array that
i ndpudégaaerptpu%mtrfv %%f'rs&mwaﬁeeﬂ'wéﬁ@%e'v%ﬁom thefirRBID AEYER 0 §&X i on

si gnal dgBydpe r%ﬁg%né’é aﬁﬁhgf}@kav&a%@?ﬁ vnaesedtﬁgem%ﬁ tﬁé té BIAFRFIS

antenna array t eac ave a particu ase and anplit such as the
first |detvmermg§atb|e(m'scpmdeérblysthezﬁilledreg;cﬂ'hbenlemodmnayeéleoem:iedeoatlfz]&4 1. [0089]

<1 gnal SeFeTEn R Agedin e inagoniebledifIs erts? (i Boonibe BRI os ¢ nan

are | ogaisgd o %l Sighgl bhe R ReraRdasigndine response signals may be
recei ved by at | east first antenna 25 eI enent and a second antenna

el enent of the active antenna array. The method al so includes, at 2606,

dﬁtlé][ milB9Hg T@esmﬁtmdglnav abgp @gw\engt 2616, fele@fom@adboﬁt@enrsg 915&Lon B IDeﬂ by
the fins {r%gkﬁ&%‘g g‘ﬁ {FB gg’h%rfa%? REIS e d &SR agj’éhse‘?a@)% d{t@%rﬁggREPbt €

second an na e I onal " 'sum Si gnh ased on

si gnal slevizeei Msrtexaynsie hite sstoad IRF 18 iate@rdgatioh®igrex ang) Be sahevia msecondan t wo
antenna 30 el enents are present, two or npre of the antenna el enents rray be
gr ouped)elam Balefk-frefp rta? §C¥'Yﬁa?”t§r"83te}* eyt @dhg Porishie, RedAreadeditessecand

ti
Fo he Trar R aa T Ep DRk Saomay SRR, SR bafindsh s Togpanide! ' o
deter nithe sgcandibéaer Eattsen m@nmbll.toiys ttietsecuhdliintgrragdmdrf patdaeme1 40fielén 1t Ae

[ naI the first ante nd the first

f d
351 espeU L. S Seal G5 A7 onbotacting aie i ratie Rt otk S4rdHe. o
S1 9nal 020,303/ ABFPAOPSTALARLIBAETFR iy ARHRIGE GH@ARloldG Bine

determ ned based on” sub-arrays of the active antenna array
phase and amplitude of the signals of the first RFID interrogation pattern. Additionally,

or in the alternative, the method may include tuning angle discrimination of the active

25  antenna array using the modified 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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when nore than two antenna el enents are present. [0090] The nethod may al so
i nclude, at 2610, accessing a nenory of the portable RFID reader that

i ncl udes watalimdemdi f yi ng the targeted RFID device. Thepogtused 1mmy75al so
include at, 2612, filtering the plurality of response signals received by

t he portabl ID 10r eader . to identi irst respgnse signal received
F o £ REOPIY o G5BT BT AL ASRUFVIEShiselatost JUTRELEr S FAT oo AeDBa 1 r om

RFI D d%‘férﬁ@ﬁtsoér@%freéé}ﬁnaﬁt}éﬁnh@l&‘ﬁbﬁg ey @e‘%ﬁhﬁ@d Y sBB-dHa5abrApdrgdset he
filtering. The nethod may al so i ncl ude, 614, determning a dlrectlon

f r om t He dgtartmihing saF Bignelscand dlﬁeferm:et%tgrg@med RFI D device based on the sum
signal and the difference signal. 15[0091] The nethod may al so i nclude, at

2616, QNI F f t he
port abitLRE B ERlIoY DR B PoRBoar a2t b o B Rl RBR o R e
t he seqon@bRFRPID nésdaragahe cargsicgnRF IDTeyvibe baestl ovi the 3csondBdnbsignalnaid er n
fromthe active antenna array of the portable RFID reader. The second beam

vatlber AagcoRs dieEentnsiannl yn e Ratigdar emodimant fMemesind reiHimstg 260610
exanpl %igtgfegﬁeléeg?ﬂ% ﬁ’ﬁ BBé‘é e'?%ﬁljlﬁ%ﬁé% BhSn %Fg%%'kdfrbﬁlttﬁémtbﬁ ”t he

pattern ust r si gnal's Sent om one or
ant enn&RDemades generfatly mwmi thedawgdztéréalﬁllbaietvmertortm}emmme sabseqgudntyd phase,

i gnal S0E RO Aretliond P iRe Beblials B I edbiio eRrORBRERE (P d8¥ichn i ne

alternative, the method may include tuning angle discrimnnation of the
active | RN etddEmay Furigert ineluaB daf 26301, Rlaag4tin é}é’ﬁilrfmﬁhté# Sfthargdriabwsle or

bot h. 009 The method may al so i nclude, at 261 recei ving a second

r esl,éonsPeFla r@aéer f Thenindieator mest indicria odifeviiaetaihe totaaied R Dydayigs: olForrmr e
ot her @ERp‘i@"tb%‘?ﬁd@%&%ﬁﬁbl \é‘?eosﬁta eaze[r{gﬁ’%e rf ; rg?ﬁ‘(gﬂr@ e bPEoREHBRE

response si'gha e receive na el enent and

t he sectl@@@oﬁlablermﬁltet@n%mﬁo e taln@etedtl%mmadancay The 30 nethod nay al so

i ncl ude, at 2620, det erm ning a second sumsignal and a second difference
signal . For t he second sum sig be determned, b ng the
econd 1068 Tealls Giiansror 26 EbaRMeRe dorcabed HeGiR IS ITRERRT Ehei Ve Second
[ eSPONSRrekANde HERUKEG e LGCBRE BNtheAHRISRnRb GRS, ThRe ARSRARONS

di fference signal may determ ned by deternmining a difference between the
se@bnd arespd m@cmCQMerseraeceecwalebey deh«a'lﬁtlomsmf aéJmféha&leﬁhermtsranda‘ndturee

second r.esponse Si rec 2011/0 9PCT/ 1/ 020759 5
socond dl BBARRSS Bl R Fial B0 e eifRirae p e HAds crae PR AT el o VB S nna
el enmenigthé &mBoginfitts mHy 1A p@*eﬁﬂﬁﬁﬂﬁ)sgﬁifshm |§ftlﬁ>élﬁﬁt€hpidhtr@v%'\}\hn tHeays for
purposes to determ ning sum signals and difference signals. [0093] The

met hod diggjosiireo Gther eam@odimperts 72ay be wudlizecthang darived fraeuthgi disgloswe. Fue t he
port ab'tﬁ‘at’}F RS AERE 1dcdi b RLEEAE InEhEng8Y b DateleMitidlf BREAMY Sum

si gnal
25  from the scope of the disclosure. For example, method 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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10t he second difference signal. In a particular enbodi nent, the nethod
returns to 2616 to iteratively electronically steer subsequent RFID

i nt errogawoanigisgmwal s fromthe portable RFID reader genecalusgotiownesd t he
targeted RFID device to determ ne subsequently nore refined directions from
t he _portabl e | D reader, tqQ the targeted, RF| D devi.ce, 094] The pet hod may
fur?herfh'%éisﬁgg}”%ts 'Q@M?diewaw and) afl 3y é%%lb?”tcﬁdatpi?g'oﬁérqré’@r'éﬂg%%@ D
reader .yafiBgs eRfi defivhehtsTBYomBH=tiBhS ofttil 456 SmbbAiInkdRs! an@eiRyd RFI D devi ce.
For exanple, the indicator may | ndicate an azinuth angle, an el evation

angl e, esnbdgimients netrspesiically tdastribarFngreire adk betappanenttia tiyesecdf skl D thevi ce.

[ 0095] _The ill ustr.at itﬁns of .tthe enbodi nents descri bed herein are intended
to prO\ﬂr Py Eevﬁeev?ngp ﬁ&igfgrf%f%}'ng of the structure of the various

enbodi ments. The illustrations 20are not intended to serve as a conplete

descri goowm Tafe Abstrandt of e Biseiopiirs issubrhigtetwitsthef uridapataatiing thatlit suks hens
that utilize the structures or nmethods described herein. Many other
enB8di rResechigynisarret 9k v the SCPR Q& Mianing pf therclaies. alntadgilinn. irtheewi ng t he

di sclo : iiegtyasd bhd ' :

di scl ngﬂliegf)m?h@ﬁfatllﬁat stcﬁﬁgéﬁ’r@%ggge%\g’;%écg\%?/smaﬂgrtoi P E? ;fgﬁ%thgﬁg} @%ﬁcﬁﬁgg may
be nmadén widimglatendeghimennfpr2Be pugrosehs s$eapdingfg theedidcleslires urhds disafosexanpl e,
met hod .st eps ey be perforned in a different qgrder.than is sho in the

{1 gur edS BPLBrRe rehpried A Riectite g miegiastihgtite Caimed eatoigrgls refuire

di scl ogpsR fRBRIrES thdr S SFrasSly vexileR ih @FRh 4SS ASRhNeHSAd el Rowmgainihan
restrictive. Additionally, for sinplicity and clarity of illustration,

cerlfai nebecindetclaimadisubiactavaiter mag bérdirdotess thlese than athet thesfeaturgs isbany
drawn t cal EFqr X | e, the dinensions of sone of the el ements may
be exaﬁgéﬁ%ﬁggloﬁgﬁﬂﬁ%ﬁwg%&'her el ements. [0096] Moreover, although

speci fic enbodi nents have been illustrated and described herein, it should
be appreciated that any subsequent arrangenent designed to achi eve the sane
or simlar results my be substituted for the specific enbodi nents shown.

WO 2011/ 088009PCT/ US2011/ 020759 5This disclosure is intended to cover any
and all subsequent adaptations or variations of
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various enbodi ments. Conbi nati ons of the above enbodi nents, and ot her
enbodi nents not specifically described herein, will be apparent to those of
skill in wbeonrasswpon reviewi ng the description. [0097] pCmasadgeast of the
Disclosure is submtted with the understanding that it will not 10be used
tointerpret or limt the scope or neaning of the clains. In addition, in

t he fommfscri ption, various features may be grouped

t ogeth a singl e enbodi nent for t he purpose of

str arrilnln d Thi s ure i nter reted as
Fef Pocti ng. oh Aol TeappRSe an G BRIBTRE Radef T2} BombREMotar ur es

than are expressivé érﬂ@hr‘i@grrbiﬂ ??Q')hnélbéin@‘a E@‘i’élﬂ{/ of éﬁtefn*fhg élé\*nbﬁ’e@ (ﬁQOC| ai ms
15refl ect, the cl ai ned e directed | ess than all of

the features of d\l)&d retqe@/ajRE@ @ml% fephose orvrmre RFID devices (114,

Frequency i dent i fiiSat 1 6h Wit r gty ent sk P P s o

array (112) incl uwdnogl érduitey &2 V126§ tpbitrsl aa eanepitterh lgtherdtdd)byttber ecei ve
RFI D signals (154) fromone or nmpre RFID devices (114, 115, 116), wherein

thdOplurality of agHv@RntermasafEdt 6112020, 121) incl udes control circuitry
(122, 123) ts?m?el'f'édlﬂ 4?966%%%& & él‘et@ e @G'mbéf ﬁ%ﬁg@m th%rﬁfmgy

array (112); 'sum cli oper a eto dete I gna

sunmm ng t he RFI Dsigreghs|( ﬁ%lédelve@byla\tm:hsby\Nabf tMpIUraluy)obiantehaapdlemehtsty of
antenna el enents r('é‘ﬁ 21); difference circuitry (126) operable to
deternmine a diffd I gnal bet ween the 15RFID signals (154) received by

at | east t“‘ﬂlf@érehB@cP&Mf Li16) © eﬁéﬁl@fﬁ‘éel%k'r%m’ené%lffe*&%e didhdl beR@nahe

controller (130) to electroni ca |y steer the beam pattern~based on the sum
si ghal and t he diRFIErsigralsdilghaiecayieddyt aideasitvoaif teé pluality pf @bEnnal23) to
determne a direction fr t RFI D reader (102) to a particular RFID
20devi ce (114, 1f£&>e MgRE)( (1gp: ?ﬁ@ ¥ or more RFID devices (114, 115, 116).

a controller (130) to electronically steer the beam pattern based on the sum
signal and the difference signal using the control circuitry (122, 123) to
determine a direction from the RFID reader (102) to a particular RFID

20 device (114, 115, 116) of the one or more RFID devices (114, 115, 116).

2. The portable RFID reader (102)of claim 1, wherein the 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 (156) .

25 3. The portable RFID reader (102) of claim 2, wherein the center-to-center

distance is less than one eighth of the characteristic wavelength (156).

4. The portable RFID reader (102) of claim 1, further comprising a direction
indicator (138) to indicate the direction to the particular RFID device (114, 115, 116).

5. The portable RFID reader (102) of claim 1, further comprising a portable
30  housing (110), wherein the sum circuitry (124), the difference circuitry (126), the
controller (130) and a battery (140) are at least partially housed within the portable
housing (110).
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2. The portable RFID reader (102)of claim1, wherein the RFID signals

recei ved have a characteristic wavel ength, wherein the plurality of antenna
el enent s wopeosgssmat ed by a center-to-center di stance ofClrassotih20rsone hal f
the characteristic wavel ength (156) . 253. The portable RFID reader (102)

of ¢claim2, wherein t er-to- ter distance is _|ess than ei ghth
of She char ot 5% ePrebRS Bl fiads? (188 ot AMfSrewy reciinilfe (ot Sacer
(102) cfetéahsd the divedtioprfr&ATRE RFINDTedd&h g@Q?)'tc?fhé_ pattieaaP RAID 2Vide114,
indicate the direction to the particular RFID device (114, 115, 116).

5. The 19&x 146) base & legaiderpartiorp phtaseldlitihe differemecheignalonpri sing a portabl e
30housing (110), wherein the sumcircuitry (124), the difference circuitry

126), th | I t , o at . i
housed vi thin {HePoRPiREN BIYeR (Pl et e Bsou BRI BE6YERbSY 150
56. ThelgraehaM20RFD greastedndeti0l)a lirfeatlcanfiydrativher ei n the control ler (130)
determ nes the direction fromthe RFID reader (102) to the particular RFID

devi 114, 115, 116) b d at | [ t ph f .the diff
Sethce (1% 4R A BB o 100 L R Fhsro BB S e
pl ural 'élé(meﬁtsa(ﬂ%ggﬁ‘?ll)ﬁi&r%glr’%n}be@iﬁoa nérﬂ%a%@ni?gjldréﬁ&?d in a linear

configuration. | e RFID reader 02) of claim1, wherein the

plurality of antenna elenents (120, 121) are arranged in a nonlinear
confi gurati &. The portable RhiD mradesil @2)RH| drirehdeherelna) leest eneaphphasenaed ei n

of 1 ho SPRLAE LR aRERER T 3RRd Y HFisest KB Bl Biecnibiie Bl ow BRI
(120, lﬁéPILﬁélﬂyidﬁ@ﬁ&ﬁﬂﬁe@léh\én@OﬁZ@HQabbﬁa iniepOndéretlynsuriteinbpleRFI D r eader of

claiml1, further conprising an I nput device (132) to receive at |east one
RFI D device identifier (136) indicating a . target RFI D device (114, 115
118 and a MP?PP@@QF RBI rederohglaim 1. dedhersrampgising eneRy deyise (1528

(136) . i | er - (1 et ¥ . i to .
Cavtl oip Hosiify B ISt 6REREID Ry idelidBhifif (156) RERARE AefGRRID ddibeid, o
devi ce 115, 416y and armemeryrgAd4 yto store the at least one RFID device identifier (136) ,

wherein the controller (130) determines the direction to the particular RFID when an

RFID device identifier (136) of the particular RFID device is stored in the memory.

20 11. A portable radio frequency identification (RFID) reader (102), comprising:
an active antenna array (112) including a plurality of antenna elements (120,
121) to receive RFID signals (154) from one or more RFID devices (114,
115, 116), the received RFID signals (154) having a characteristic
wavelength (156), wherein the plurality of antenna elements (120, 121)
25 include at least a first antenna element (120) and a second antenna
element (121), wherein the first antenna element (120) and the second
antenna element (121) are spaced apart at a distance of less than one
half of the characteristic wavelength (156); and
circuitry (128) to electronically steer a beam pattern of the active antenna array
30 (112) based on the received RFID signals (154) to determine a direction of

a particular RFID device of the one or more RFID devices.
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2011. A portable radio frequency identification (RFID) reader (102),
conprising: an active antenna array (112) including a plurality of antenna
el enent s W02011/088by to receive RFID signals (154) from ece/useoimoeesRFl D
devices (114, 115, 116), the received RFID signals (154) having a

characteri stjc_.wavel engt ein . t.he I rality of antenna el enents
C1252°1 50, S e peu SRR el e 1D ot Dot adiein Heaehe e S ety
ant enngq %ﬁﬁ@ﬁhﬁe& ke idast Wﬂértﬁl\'dl‘ ahtt@inkl éléheﬁf‘b@tﬁ)\fé%nethéffﬁﬁtar{téﬁﬁﬁ eRimskerithe
second antenna el enment (121) are spaced apart at a distance of |ess than

one hal(12@fanhthecsegonctanterna elemeard|(@adr.h (156); and circuitry (128) to
el ectronically steer a beampattern of the active antenna array 30(112)

based on thal:_slﬁﬁ gg@%ﬂqﬂ@e&%‘ 3163 n%f cldi %]:?‘Bt e\ﬁbﬂgorﬂpﬂﬂba%h'n?&réﬂutr?

parti cul ar e one ‘or

2011/ o&asmmmédﬁ&ﬁtl@ﬁ}aoaﬁanﬁéa&henmQoabh@t@m&é@ﬁ@%ntéﬁﬂablmﬁem aim
wherein the active antenna array (112) includes at |east one third

antBnnd 21 LR HENRESHTISETA Y SURTESE BFURSIANA (00A) ahaiveR v SBe ord
ant ennrf T Dlenich 120) and thelcboBH AehaPberR Prapader (102) of claim 11

further conprising sum'circuitry couple e first antenna el enent
(120) and to the second antenna el enent 10(121) to determ ne a sum si gnal
by sunmmi ng dd. Reé pogihbleaRF (DL Bpder¢t@2 vafctldim 1 hefufthescomaptisingaliff¢reneat (120)

dth | 4 121). _Th bl RFI
“102) "Sraf 28RS Ry o e e fiiha clement R0l ErRS e Pﬁ&zfﬁ%&ebﬁ%m L to
the firesémant @enateher®ming 3 dterance signbhSetfrepnth Rm[e@gﬁ]aw (BB hecdilad) to

determ ne a difference signal between an RFID signal recei ved 15by
t hd5f i mytthadirstranierna alement 1229) @mjtheh@@@@kﬁme@m @Iﬂﬁ@erél é%)qt (121).
15. A nethod of locating a targeted RFID device anong a plurality of RFID

e et ARSI lrg 8000 G208k ting £8tiofEy gl 1 ©
wher ei mevivesatiteamethaar cayprisingudes a plurality 20of antenna el enent s,
sending (2502) at least one first RFID interrogation signal from an antenna array
of a portable RFID reader, wherein the antenna array includes a plurality
20 of antenna elements;
receiving (2504) a first response signal from a targeted RFID device 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;
determining (2506) a sum signal by summing the first response signal received
25 by the first antenna element and the first response signal received by the
second antenna element;
determining (2508) a difference signal by determining a difference between the
first response signal received by the first antenna element and the first
response signal received by the second antenna element;
30 determining (2510) a direction from the RFID reader to the targeted RFID device
based on the sum signal and the difference signal; and
activating (2512) an indicator of the portable RFID reader, wherein the indicator

indicates the direction to the targeted RFID device.
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receiving (2504) a first response signal froma targeted RFID device
proximate to the portable RFID reader by at least a first antenna el enent
of the anverrnm/msray and by a second antenna el enment of PCmaSaoti@e20Ta9 ar r ay;
determ ning (2506) a sumsignal by summing the first response signal

recei ved 25h e first antenn |l ement and.the first response sjgnal
Fecsi ved by BnENS aushd ahekiRa e RufhRrCona i hleeB oabOaE o g Pb 2 Ehrce
si gnal oA RYIDI iR gatiBh isidTat fom PRI eblé REIDirksler §SRIBREIWABahe
received by the first "antenna el enent ‘and the first response signal

r ecei vdargejed REId sleviog. ant enna el enent; 30determni ning (2510) a direction
fromthe RFID reader to the targeted RFID device based on the sum signal

and the diff ' , vati Ladi :

ort abl o Rel'D [ HEEhSTRL Pt A aetBRE shictie adil sBRLCRI e BIF o (e
t ar get @FIBRht2rewyation.sighfal 2 1ddri38a0ing RCirsUa2Q éfur020Abi8g 8 ldhatkeameamod of
claim15, further conprising el ectronical ltBeSt eering (2616) a second RFID

i ntl8r r GRR!Itee EPghal lepsiorne Arteppaeignenixe the Piyaby Jandead lemsms che

arr oy Sode(JEO el steerad e R e Bl M R R SR

first wacenhdmavietorrmijom thkas deaat dnerant@nreanpleimend ethiersaooatl wanaforno haviagt enna
I t of th I | ity of t I ts, .and I ei I icall

ct cor ot (9751 SOEGHA RRHBVP HGRP GALs BIPCL AT PITEF BV E dn e s vede b

waveform fromthe at | east one antenna el enent, the second waveform havi ng

at | east onegTha metHbd iofdlafhase figtera idingd anplitude relative to the
first waveform 18.The nethod of claim 16, further conprising: 15receiving

(2618) a sedoerivingdgbh8Ea sperRd raspoRse IONchfrget ée RrIGted &FilPedayjceby Peast
e st Nt enn 3o fles it ABIRAR Y Hd B45ARE L35 AEAARLABHAN N

el enrent of the antenna’ array, ermmni ng sum’sighal by
sunmi ng t he seconmhtéraspelesrersioftral afteanb\w@cyby the first antenna el enent

and the second response_si gnal . . .
determining (2620) a second sum signal by summing the second response signal
received by the first antenna element and the second response signal
20 received by the second antenna element;
determining (2620) a second difference signal by determining a difference
between the second response signal received by the first antenna element
and the second response signal received by the second antenna element;
and
25 determining (2622) a refined direction from the RFID reader to the targeted RFID

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

19.The method of claim 15, further comprising:
Receiving (2604), in response to the first RFID interrogation signal, a plurality of
response signals including the first response signal from a plurality of
30 RFID devices proximate to the portable RFID reader including the targeted
RFID device; and
filtering (2612) the plurality of response signals to identify the first response

signal.
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20recei ved by the second antenna el enent; determ ning (2620) a second
difference signal by determning a difference between the second response
si gnal reweioadskyot he first antenna el enent and the seeomase@spoorse si gnal
recei ved by the second antenna el enent; and 25determining (2622) a refined

direction fr he reader, t he targeted RFID, deyjce based on the
secand sum S0phae MeIoR g6E e L gete gheRsSI (28D RATRGENG! i ai m
15, f ur.ﬁa@amgm so%nn@.né?ﬁf@uavg&ad(@ﬁ%eww WIRSBRIGR 6I9ratllﬂﬁoffﬂe§?6nﬂ:| D
interrogation signal, "apluralTty of response signals including the first

r esponsstgrsilg) aed fllteremlmSpdtsnnathetO&at@f 30RFI D devices proximate to the
portable RFID reader including the targeted RFID device; and filtering
(2612) the plurality of response signals to identify the first response
signal. WD 2011/ 088009PCT/ US2011/ 020759 520. The met hod of cl ai m 15,
further conprising accessing (2610) a nenory including data identifying the
targeted RFID device, wherein the plurality of response signals are
filtered based on the data.
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