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RFI D SENSORARRAY This invention relates to nonitoring

in RFID systens. Radi o frequency identification (RFID)
WGEywhesBssar e capabl e of wirel essly detecting i pdi/uszTORD29148

RFID tags (herein referred to as "tags") as they pass

in the vicinity of an RFID reader. Unlike bar codes,

whi ch are read individuallyland nmust be in the opti cal

|'i ne-of -sight of the scanner, RFID tags can rapidly

read a | arge nunber BFIDSFINSORARRAYW thin a region

around a reader, such as a nunber of tagged products

t hat are Tigg ﬁivhﬁion&ﬂlaazs st edohitoringinalFIDedyster eover ,

tags may be read through sonme naterials, such as paper

or plasti Ead%@ﬁjé@tgéneﬁ iRRGRIatish (RBES) s&ﬁeﬁlﬁ“aﬂ: SaPRSIS oPvirelessly

pal l ets of products. As such, 'indi'vidual products may
ddn@tmggghvidm}u RFile a@gsa(hmem rb‘?@rmg tphaegs") as they passai thervicinity of

t orag RFI D t er - t hi
o Earbeis” Sidbe Seubeet pmit orsc- B uvgal puifipSt bt By optical
1m§toffr§;ght Ehﬁlets@gﬁemmnggst&ﬁ ARG ROR 4 BfdeUBithef BPARY fnat are
receiving radio frequency ‘enérgy to communicate
wﬂhm ] reglme acbend a Teadie atithygs sanumatzed of taggyd pretdects that aegtolggther on
nsm t radi o frequenc ener at a
OF Bl MOROUR PRSI i 3o IambuEh St aPLoral,Pishag Raper or
Plﬁg‘? e R e R S
pradicenmay bd t‘@gedh endyieaé dft¢ragingmyladed Sp o cdnthipegon stoaigeng shipment.
or reflecting an RF signal that may be detected by the

reader’ s RAIERBENAHbe RRERLURI micthénisbaRaltagabbubthe k7€ of a
tag may be encoded with information, such as a seri al

lauge postage ghwpt Tbnitags praydudedecadenng E@@}res sapable of é@t]@um@ radio

R PSRBT VEL AU et T Py iy defect a tag by
1SR EiAR L ﬁ@ﬁemﬁqp{)m%ﬁa%ycﬁ V\k&%chﬁ@ﬁ@@)én@faﬁ@&% degdrticular

or stored for various uses en individ tags are
meddavinatie thgwvithin fhreappoetpsiaierangedthe 1daden rofy bdwaletglzefdivy the RF

exanpl e, use i nclud but are not lim to, .
CUPRRYSRD1S YieiVAGRARCAt Sipr GG R at IETEEY 5Py, epgting or

legl o g'afg'ml fﬂﬁ%’gm@ eeteaese@g ¢e feARGY AGnhd arfl receiver. The

utlo aln y use D systens to track
signavsnt by jhe tﬁg) mag e spdoded stithviaformatsong surthragla qanalnmmher; a

SR SR SRR oS BB
I AP g e R AL

prészhed of the tdpemayebd @bodded yr wotdd fohvatousagss. dWaed mdividual tags are
products nove through _the distributi on chai n. At each

asgciatebweth pepdicts, mﬁﬁl@trm‘%#t@nﬁ By, iah PERIRle Jsespay mclude, but are
not Mt%zi "fl&t&'}énltéfy Erﬁ%gg Int, product tracking, billing, loss prevention, or

ordering.

Product tracking in a distribution chain may use RFID systems to track
inventory, for example, at various control points in a manufacturing plant, distribution
centers, warehouses, and retail outlets. In a practical large scale RFID system, not all tags
may be read. In the distribution chain context, RFID system performance may generally
refer to the reliability with which tags are read as products move through the distribution

chain.
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subj ect to various paraneters, such as tenperature and
hum dity conditions, electromgnetic interference

W@ Edbp3135®ader /tag sensitivity, material propeP€T/852005/029148
and nunerous other factors that can inpact how
reliably tags are detected by the RPID system
Accordingly, reliably tracking tags in such
environnments requires the RPID systemto operate under
vari ous a%ﬁn@@bl@gthesq pahtscthe omegin by wdhichaags e lsatisfactorily read is

/ it h [ RPI.D . f .
suigai e b SueeRy sl e rmacpis EgRaR! dguIRARS
eldctBAHBRGN ihiRFkreRREIMI)I f&h&ﬂ@gs@@ﬁvﬁy,_rﬁ%ﬁa@%@mes, and

readers in an RPID system During periods o
nuimeaaisi ofharyfadietswbgean éamcngowmlmbgfatg@ arg defRpien by dbe/BFID

may be usged.as ensor to detect el ectrgmgneti
SYRRBr Yo ¢ AR oK T ALV RS St e RFID
sy4tBfhQb @Eﬂa@@"uﬂﬂéy VRS RRBhYsHBEHT eleblSmbideyic aHal #Rdr conditions that
sources of RP energy that may, for exanple, interfere
camiirhjpact RETD efyitatnlperfopeanat.i on of the RFID system
Accordingly, RPID readers nay be used to coll ect
i nf or mat i RRysteh abi$ Bssvbibfad anesisk €0 thomitartigirhdibifreguenty (RF)
tracki ng performance of an RPID system A _systemfor

enprighiinchirden gne i mora BRI scagers inanBRER systeran Drppppegedsarh

. .coll ect inf ' alar .
T Bt P 80, AR TnBRIRLRF L8 s el £ 8fho o gt
clRRABLARRN cherdyBing RS RETDBAdEOIt @Bk, ThE @bNetddinfdrfmefion may be

mul ti pl e nodes inthe system The systemmay perform
anglyatd totidedily apbieat jourss oARF vaergy thas sraydfar ekemplas intsrfereowith

det.er.m ne t.hei r .i npac n_system.perf nce. RFI
g (R EBEHER A HE TR, Ve oo Y B4 I r s M g sed to
collBet i rMfdnelY udd I s8om FRmMENRABRE @nd tragliNg fétfdrmance of an
reader units, environnental sensors, and programi ng
REliatystens. AUcol | ected i nformati on may be anal yzed for
the purpose of identifying paraneters that contribute
t o reduced siérhdli hbtitoraf aREtrekldys patorpantosfmRED dystem may
one aspect, each reader station that is nonitored ma

coflent infermasion abaut paemetershatiope irapact HisPorormangesd an RFIﬁ’system-

electro reti.c .signal inf ] ' envi: .
G ATRIRBAE 5} R ) P} P hakloh PR PRIRRL g e
sy§eih. meQpREALRS, SPfofMRtdtidtical bgerpeds @nas eslleefeddhbanation to

readers, "or to’'identify sources of electronmagnetic

detsrmingytheil fmpest po axstembeditmeness  RF sistem peformaage may be

call ected for analysis 1 ncl.ude. performance. o
iR visaene e of B Sl o R BT R o pgpder unis
en$HEHBSEREUkndo8RdER ?ﬁb o BARinglstRIBRS. SAT QbIdcRel Mihmation A8 be

Information may al'so be col |l ected about product L
analyndd fputlee proposetafgdentifitremamametacs thaticontrfutete reduced reliability of

Rﬂ'?ﬂ)forrrati on, time, tenperature, humdity,
system perrormance.

In one aspect, each reader station that is monitored may, for example, act
as a passive antenna to collect electromagnetic signal information in the environment of
the reader station. In another aspect, each antenna may be operated to monitor the

performance of other readers, or to identify sources of electromagnetic energy.

In various embodiments, information that is collected for analysis may

include performance metrics, such as, for example, tag sensitivity levels, successful reads
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vi bration, power line quality, and the |ike.
I nformati on nay al so be coll ected about the | ot code,
W@ 00si0an3s9 suppl i er, and history of tags, readePGT/Us20d5/029148
ot her hardware and software. Furthernore, information
may be col |l ected about thengroduct to which each tag
is attached, such as information about tag trajectory

and velocity, cases, pallets, materials involved, and
angreadattepptsdor inglividual tegal Infermation mesy so; srpolpged about product

i pdi vi- dual t i nel t [ v, e

cob 4 Bl ARETT P R ee B Jpic

vir&fion g6 er Becualiey, hhd@e 1ikk hBiforp@kiaRBiag afottRadollB@Yd about the lot
relate to system gerformance may al so_be nonitored,

codeicirsian, sunplist, ané historg ofitsek rarsists, papermenhardwaesedyl sogware.

ru AT o ob PRl o PO v
attd6e@! §ich@s tfs@RSiohiaBbittag G¥ettolhald vefocithethsas palldta neflerials
with the tag. This tag sensitivity information may be
invodvedj aralSKIUtoH poadvets. dolatiditiondnfornagianeabovhingdiyidual tags may
. Statisticall et er.m ne, t he.perfornmance margi n  at
inGli 5 e, WReel, DTG b, PR e Bt code
an@ KRN O tHE Gk RhAEABRAA Myl 8laic8 Sydte R Pet BRharka ntayaihQUe
the sensitivity of tags as a function of their ~
mtitaceireuch as thestpiaraf iacloclka dogr (odercor, clogedpiar haergrgization of a
cont.ai ner containing one or nore products. Such
moigh 9% P measur enent i nformation may be used to
I nprove the accuracy with which the system can )
i dent i fy Iasewe cobpdimestss indiyidval tagetay 8 testpdgpeletermine a

emhodi-ment., .t he syste for e e icali
e e
be@BhBMEH RAG dtRertRYEctb@infEhatibh tdtatbtiRalBOR @i pEdBRance
or crosses a predeterm ned threshold limt. In another

masginad indisndual nedes sy HredhiPesystom. donpadiuems may alsaleclude

. tjw ti h I i t ai k d

R e R e

pldcCmbROnPApHRARE (RbIEAIS: widiihl a ebitRinBOc AdifihE oAk br more products.
condi ti oni ng equi pnent (e.g., HVAC, fans). The system

Suchyerisgivitp nfepgpuementtinfodnainayaydlze wee teingprove thedscuragpowith
cqorrelation data.for interpretation by an operator. In
WS T Rk S APR BT TG RVl ve. mul 11 ol o
I nput  Si &nal s that provide information about the
per f or marde eneemhpdipEnpthasystem mays fof g¥amplee awtgmatically alert an

R 5o RS, SRIGR RO R TR R pcined

rax%é"d?%_fos@és 4 ped&ernsihéd ihedBoldNintih EnRhbRes yab&ifinent, the system may
ddi ti onal sensors, such as environnental tenperature

begadfigied i tale corsgctive bptiane sydras lglosing certain dock doors, signaling

i nf or mati oncol,l ecti.on. C | | ect uch . .
kebirp ) e B Eguoan s o §F PREMSE T Bt urming onfoft air
colBNbhiRg E(ﬁ\gprﬁ&ﬁt(s@,t}@vﬁtz?fah@t iqgﬁlsweﬁeﬁaryaieado@ﬁgmu e8Ndisplay

performance wi th the collecte )
parameters, trends, and correlation data for interpretation by an operator.

In one embodiment, the monitoring may involve multiple input signals that
provide information about the performance of an RFID system. In a particular
embodiment, this performance monitoring may be achieved, in part, by collecting
information from a number of reader stations in the RFID system. Additional sensors,

such as environmental temperature and humidity, may achieve further information
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information, including tinme. One of the nonitored
paraneters may include tine. By identifying

WO edoa3 s hi ps bet ween RFI D syst em per f or manceP@mnus2005/029148
envi ronnental paraneters, solutions nmay be targeted to
mtigate their effects. In another enbodi nent, an RPID
performance nonitoring syst&émincludes a conputing

systemwi th a {Jedocessor The processor nay execute
collgssion.u OncopelleErednsugh mf@@méwntmﬁa’tbeu agalygest agthe peefprmance

mq'\r/)ﬁtrggﬁ% '@?s? ng {t% s@lgal n%ﬂllte ;ggf ﬁé} Wltl’l ﬁfél éﬁ‘i’i@cted

en exe e processor,

infBRhdtRIMnt ik Wik |®1{b90fdcﬁ§ ﬁfohf@@‘éd b@faﬁietbrs Beginclude time. By
enbodi nents may provi de one or nore advantages. For

1deai<1§mﬁ @latlphsém;k@twwwewm@rfommﬁ@né GhyIEQNEEERl of
rrmt nrela of the RFID

pay @ SO ‘PO Y F%??I%eg?ﬁﬁ ge {?3{1?]% Qﬁgc);sst em may be

conplled to fgmlltate elther manyal and/ or, aut omat ed

anal ysi s 1? @notierfmoglinagnty e’ I} pAfEMERsReRtorng sygtpp meludes
X@hﬁ% %%Eegrggvﬂggfpgocem% e g&;eor mcg%ged%@mg@&cmns from a

system p may suggest
prégraithitésEoiedadramasformati@ctargng meditmp rite @rogram may include
performance, The conpiled information and analy
msﬁyou@@dhﬁyvvé%@@ﬁwgé @ﬁﬁheeﬁrpém% geiies de f'éIPFéIOBfJé‘FS&ﬂB herein.
to gain insight into performance margins in the RFID
system whare bmbodimsnts imeytprovide pmcﬂlunmmderamagn oy example,

and how t he m. th
th it WP o GT (RSt SLA e PR YLt PRffgrmance of the
REBIFGte gﬁfo AR coMBLiEd 8 ﬂltrﬁagaﬁe 6dﬁ€pﬂe&v@ fetcu%e either

are“set forth in the acconpanying draw ngs and
meh@slcmidfur iaotonizeddoamnalysks he idehefytsoness obbijtediancesdn (RFID system

advant ages of the invention wl| %e a ent front]the
PeHeEBHICHt |Tg?1 SYSHAN BRARISA @gowgmp?% é{‘/%m pejtermajice, and
g T S %@f%‘l‘ﬁiﬁlgf‘[;%@i@npﬂed
infbiromiodi sag masydiduaty b@ysddlS@ themI%Ecﬂﬁlepter énginzerscand operators to

nmonitoring systemof FIG 1. FIG 3 is a flowchart of
gan ipggh defo psEigTIMNCR mahgnmtbe BEHD a%ﬁc‘@h%é@ﬁt@ré mﬁbt e

oA o g PO B B RED) v opion o i

RHIDO 1861 gy beingiovdEl D per f or mance nonitoring system
FIG 5 is a flowhart of a nmethod of applying RFID

; ystem p gréﬂg%m BEoRAS b BNt tRe E¥EARIR are set forth in
the accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and from

the claims.

FIG. 1 is a functional block diagram that includes an RFID performance

monitoring system.

FIG. 2 is a process flow diagram that may use the RFID performance

monitoring system of FIG. 1.

FIG. 3 is a flowchart of a method used with the RFID performance

monitoring system.

FIG. 4 is a functional block diagram illustrating one aspect of data flows
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FIG 6 is a flowhart of a nmethod of anal yzing

performance data to determ ne paraneters that inpact
wayabem3per f ormance. FIG 7 is a top view of aPCT/US2005/029148

di stribution center in which an array of readers

noni tors sources of electromagnetic energy. FIG 8 is

a flowhart of a method of #sing inactive readers to

moni tor other readers in the RFID system FIG 9 is a
angl |datagiracdassing reamREIhbper i mareesyenitpgngsEste@nsi ti vity of

a tag. Like reference synbols in the various draw ngs

i ndi cat e BIGKE ixd @owchiast o AmERbDop eplyingRETR spaderhtperfommance

syst.em may_incl ude systens, nethods, or comnputer
daﬁﬂ@dFQHF@&QHEHW@EFBFE%BFW§@ting information related to

t he performance of an RFID system One source of

per f or marid6- pés aflewchant oramethod of anplyying pesformpme data to

ders, both duri ti di i od and
el R LS R PRI R RO e, cnbod ments

n
t

descri bed herein, a performance nonitoring system may

col I ect JaFF drintpeviove PhR dtiavtigr sertPloR YiHghatrgtray of readers

_ . h¢ daNFGR ARRIPOR HENHRETD
gy R L B Bl Bt (o v or mance rotates 1o

a measur f how_,reliably readers i.n the.system . )

dent i 1y M8 TH0NGEC Hyartpd PEpang fractivalgadirs ipponitor othe
reﬁ%%ﬁn%ﬂékﬁmgﬁ'ién?r mance, information froma variety of

sources may be collected for analysis. The collected

i nf - . . ) .
o o o 10 B B R Vet 8P pbithad e Ghel A O P
e S el T BB BEB G ke inents

operational results, systemel enents, and the
envi r onnetn REPD perfomrinchmanit i sysigst aay iralide pestanse methods,

R R S e o
RITD HsteBY Offe SRR peftbRhTRErQRked EFRSHNAtRE AR Ve BR RFID readers,
uni quely associated with an identifying | abel, which

botteguralg avective (readieg) peribdrndian mactive (hecrsg)oitiatie dn winidus
indi vi dual tags. The nopitoring system may al so
NG L e S e R
perfBR&RE fe'd}i@fof}ﬁﬁtioﬂnfro B0 ¢Eadel Wir B HoBIIRY; tAEF ¥&ive and
as an analytical tool for i1dentifying opportunities to
dchipe pergodsFl D syst em performance. Many factors can
degrade RPID system performance. For exanple, tag

failure ngomepigURFID BRtdrrpEfhiaidvercit@nt asnédsu@r o holwheliably
at nospheric conditions, tag and reader designs and

readierd iath¢ system idaetify tagse dioowssese panesieters et ey pidert Bl Rszsiem

pe}‘fglemgrﬁ;%,d fforfa 101% Egm a variety of sources may be collected for analysis. The

collected information may be analyzed using statistical methods or other tools to identify
patterns that indicate sources of error relative to RFID system performance. Accordingly,
information may be collected about operational results, system elements, and the
environment within which an RFID system may operate. The performance related
information may be correlated with other information, such as product information, RFID
tag or reader information. Each tag may be uniquely associated with an identifying label,
which may allow collected information to be associated with individual tags. The

monitoring system may also process the information for the purpose of taking some
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tag, and the physical characteristics of the area
around the reader are al so exanples of factors that
woreyeasfdert the reliability with which tags areCT/esmoso148
an RFID system In sone enbodinents, a tag may be
attached to an individual article, or it my be
attached to a container of @rticles to be tracked by
the RFID system The tag nmay be attached to an article
comrpeiive laggomn As such, thesutteBmay SeivR aagn anayiigat tooh fog identifying
di stributi.on ce I..e.. Or other warehouse), or it
P u%téesﬁf’#&eﬁqogaq{fgb 3&%8%3%8%?%0%1 e. One exanple of a
nobile article is a forkli Anot her .exanpl e_of a
mobi | e alfid® factpss Céﬂ@éﬁé@ﬁ@m SYSCIR REALgTIIEG L ERT fgple, tag

. e i i . d
a7 p PR e KT RV B J0TIEL T RO R Phditions, tag an
reslend&ipms aad vatbiliyppt irajettaisnofiralptiveimbtide betwees dgrreader and the

of product, flows from an _origina [

I ment
theaihyisiea! chapipristicn PEHGRTGRALP giréader migrpramples of
t [y

B Py b G ity W wnERGegsant {BARN M RAMS S

be ed to track,the novepent qof tagged art.icl . .

Chr ough (REOEAEEPYCEREY Pemy i BACHD o RabEviaal artice or it
mAPRAEERA 18 U BT bR ES b ©sked bYPRONFITYsystre MRS dhg may

nagenment, or reducing inventory-related costs, for

be entachpet ¢o af hesde thatshas edwxed locpss suchass hsheas e distritiusior denter
. by usjng a hi performance RFEID system that reliabl
(. 2 ey en Ot 178 FELEl P aTINE FiFlpr QB¢ Pl ofa
mobYiS hETR is AGVRYRT . - @xhfle BROOPAL 8iicledl a LERARARS (or other)
that a reader nmay tail to ‘perform 1.e. fail to read
prddietihaf maads nidvad tirasgh dyuppruhaineyia canvepdrafwklif,Heuck, hand

busi ness purposes of the RFID systeminvol ves ¢
caiT e SITAT REPdeE COReyRIFE: The SR pRA Bieiedule apy segment o

R e M
distishieloaresteanth Rl @glkisy endotthoas] ¢akemnert Alonp tleveappliicbain,
rformance. An RFID performance nopito

t .
ong ﬁ s E«E;D BEsteranmpy be Bwdtte tiagle thei m‘glveﬁﬁphﬁ%ﬁasgéd Hhigles through

correl at ' .RELD.. r .
thepseuippglrc ncf\él{ {ﬁ%ﬁol lg}lf’%ég@g’ﬁ togéra% “ir'%u%l I‘gge con% |%iu%r'§ée’ poviee
invefidre flanagbiidiny, 2% reditfig Siahtory-dlstedabitafor elapipte to the

performance of the RFID system RFID systens at

vari ous ' Ik ijﬁ%( hi
i nf or mat F@iﬁa E‘%\Aﬁ%s‘%’c{eg{ﬁ%rrg%ls:?x%[?%?tﬁ %@#g&e Per f or rmgﬁ% elgh
peifofrmantaRFID systymiibataslibiyzeadstail thgkeastthéypase byir¢aderss In practical
that may inprove or degrade RFID system perfornance, .
sysisias HOWer e st e By PﬁFeétlﬁléS%FOB%a’@h%r@ﬁF@n%% Gldmpetian, ie
. ¢ ; S obil i . > N
B 09% O TG B OB S b g0 o
RFTDesystegiih @slvéshidernEyih® fagrons thattkindérrper fol@ardcewdf parsmetiss that
i kelihood that tags will_ not be read properly, As an
negativalstipmestaerformange can B jdentafiedphen mitigation strategies may be

developed and corrective actions taken to itprove RFID system performance.

An RFID performance monitoring system may be configured to identify
parameters that correlate with RFID system performance. An RFID performance
monitoring system may be configured to collect, analyze, and share information related to

the performance of the RFID system. RFID systems at various points along the supply
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to properly read all tags in a pallet at a particular
power |evel, then the performance margi n corresponds

W o00kosu3nuch the reader power |evel may be redeCPEUS2005/029148
bef ore the reader performance would fall below a
predeterm ned and acceptable threshold. After sources
of error or reduced performdnce margi n have been
identified, system planners nanagers engi neers, and

cheiaghayi shisrisformgtiaew ity Athen B IRy pystaren P qﬁfoam@%ﬁq igfermation may be

anslté&?acf t%%g%n%ga Q%rgﬁtzcgﬁ tfra? %ggﬁzh%o%te ?‘f‘ td%:%ﬁ&e 3 g?sccé}ﬁ %erformance

andthodt reBdpta gwrelresduyiﬂlequqmglstbmop f eedback control
systens configured to automatically take corrective

actions vhihouls MUrERe | Hg% 04 ¥EREility '\Rﬂth%ﬁi@lﬁ tags are read is
enbodi nents, human i nyolvenent rmy be required to
refeerct oo hemmm pesfonhartcheaagial Thé greater the pwk)emamerrem'gmy the lower

actjons. For ease_of understandj t vera
is &@dgelelsooéfth%mamﬁ 19é bF Bt o %?Sta&rﬂ wgfag%ﬂim Gl is able
[ V ]Qg?é

tog)g%ﬂec S %&Jﬁgﬁgﬁfﬁﬁa&%@em t aaw?g%%%%g TEE%# 1 r]fnﬁ%ce
méirgi JvDieetRids tohow ﬁﬁﬂchltb@rea&hﬁowed teveli thay lof re\dad:addlﬁore the reader

aspects of o%r ating an RFID or mance no ring
pesipEmEnee ayqulgiall belamed preggigpmin il C5PRIFDIE ST ¢ hat

may provide enhanced functionality for the performnce

moni t or i nifteysotenes of ériror redwledipﬁé@manm maggys hasre leen identified,

ac t he Movenent of l.es Be ni.n th, F
sy&temaﬁw@%@m%%ﬁrw%ﬂ%ﬁﬁ%@a e EBn TRy e bl
mfn Qudﬁos‘{ 08 14! Brieadw a{ms@s% ‘nptdiRtp e%ﬁnﬁc%a%!i‘ﬁtgne
arti c to be tracked. SSmlar to a conventi onal
en%ldﬁ)nmjzes ttlmmnttgb‘eolRﬁi deggsshanindlgdé slosssblpbp deadbadm@ntol systems

re RFID readers 12. Each reader i ncl ude an
coRAEWRS i AHBIANCAUN R qo&ﬁcfewa%cha?sevv%@wﬁémaa&“@ yemetiy i other

38t B Pl A SRR b o
toagler @iicotige seiouer 14 that may perfor m functions
related to tracking the novenent of articles. In this
exanpl e, the.aPemaldeRRRIRE! the kevkid QBRI Tah FFIDI SdifokMence
readers 12 through a reader interface 16, and it is
maeotuing dystemavih bedrgrodoted affep lardmcussmnr@ptgsvctn@lph@lglspd@‘m of an

Rﬁﬂﬁ’?{ygﬁeggt o1'|r lrﬁr%%ﬁﬁ%ge %ﬁgﬁ{iﬂn@ t ?o lp?tgxrf?nﬁeif(ngg ﬁc%ﬁ nR]\éX{T%etaﬂs of various
g@b@@&’ [étﬁl% ah'l@lﬁj[t%rﬁ)rﬁéﬂb@lfﬁémt@ﬁh 2basan 2R r@seh% Then

at abase 22, i st database 24. To provid
addaiontlr faatkies gha:t hnaaylmvade mthaoéeddnnétivnelty forihe cpprfomanoﬂ S

server 14 in ﬁgls exanple is also coupled to a
mpRIEIng wsiem Sull be XRignedat  may exchange i nfor mati on

W th external systens, such as the Internet 32 and/or

an i ntranetRBHD Systpméqaﬂlmcgmg@hg Movement of Articles

Beginning with FIG. 1, an exemplary RFID system 10 is configured to
track the movement of RFID tags ("tags") that are attached to articles to be tracked.
Similar to a conventional RFID system, the RFID system 10 is coupled to one or more
RFID readers 12. Bach reader 12 may include an antenna and a controller that are
configured to detect tags within a read field using radio frequency (RF) signals. The
RFID system 10 also includes an RFID operations server 14 that may perform functions

related to tracking the movement of articles. In this example, the operations server 14
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the Internet 32, the RPID system may have access to a
source of uni que object nanes, such as an object nane

W@ e006i08B5{ ONS) 36. The ONS 36 may provi de a unPQESmosia29148
such that each tag used in an RFID system may be
encoded with information that uniquely identifies that
RFID tag. This tag i dentlfy?ng | nforrmtl on, which may
take the formof a special_ cod 64 or_ 96 bits

coppapniqtsy VEh the sgadersily thraugh ageadeﬁ @tef@&ﬁﬁﬁem@ﬂt §§@HP]5 toa
u%r%g%)f B_@ﬁ%gﬁoffeﬁ eéogl’ss ﬁﬂt? ?C 0%11 rglregéggcﬁo dtg‘%%g}ﬁqth?

mdMehtdnBoliHides. SIaltlny elkhysleleths eifcbmhatleﬂ ndpRsitorTeagsclingya pﬂoﬁ@ct
be progranmed with other information such as, for

dat@b&??pﬂoe a taghdatehese 2 aedartag [iwdatebae 24nanuf act urer, or
st ock-keeping unit (SKU) for the article to whi ch t he
tag i s atTaploede fd’ﬂmrmkgig théeovememndartBles, theepR¥Fkibns server 14

,sstem ex ge i.pformation, ch as busi nes
S Mk coRIHg Brs BIGITGIR TR Gt Rar POTangs ipragation

w%&&{lﬂﬂ% stERE A S B he $YRERIE S W ABBtradd 33 Ny %nﬁlgaOver
evel e conputing system nay monitor and contro

thohgeraet IM el RFdeperdenty Rilcdcssss teasource of wdguegobpédt Bames,
system 10. As such, the vol um nousﬁata col | ected by

su@aw@a@férwpﬁsw@ﬁ (@sﬂﬁwéy;h% BBY BIRWRE 3 yague ¢pde such

s BRGL e P IO B SRR M bk B T ey
idérgifibnaORYIL) taf) Wiksiag ideftidpainfdrmetidt mDidh maykiake t]n:haﬁ)&n ofa
may be integrated with other corporate and high-1|evel

Spﬁﬁﬂégéﬁé@rﬂ UG it thasepay rstased i BE fag: | Gre Rapnleof such 2
CoEX aﬁ{ﬁq‘\@%ﬁl@ %F‘{l%“g’ﬂl?fﬁg@& gédés ﬂd}ef]%ir& f{' %plﬁEd {:oofags to

prévidé Eddhahg With Wainsret@liyvoniud S4rd) nuohis. S’b@sf B alsn de programmed
retrieval by business partners (e.g. pliers,

with efher freetion suchns,for example, tls part @rrglyer 199 eedeagaguiactupgr, or

Sto&%‘f%}é@g%@% f’é’lip?ﬁog Eﬁ%mi’ﬁlezs &ﬁ)%fh th ﬁ'célg urR EI Eas

been descr.i be ot her net wor k chlte tures and . )
i npl ement Brpegisheinfraaptsi, e REhsvstens1q Bpg §%§13gec nformation,
sulf %Cﬁqsﬁl%éso choﬂfnrlr%g H}fi@ U g HPUSaRRRES Rt @ﬁth a warehouse
exenpl arysystem uredto conventi onéll ck
mdiyangnisystém dWME) 383 u@ thg VavIS8e e ithe ﬂﬁh}ﬁtﬁgsyﬁml may
with an array of RFID readers. Wth that background,
memier ged AL RER OGO fBAeRERATE RELLypxstems.agdiag REID system 10.

ATRIRh 86 FGhulilnts 85k RFEAES: PRI bl RSl RERT L8 ally e
sub@rizéd fo8 bépRirgeh Rirhbes )yt exanddle. oMuktiple WMS'bI réubke s 38a and 38b,

i ncl udes an RFI D performance nonitoring syst em 100
mashksr esuplefite p firm's jafpanationgeghnplegy (Hayy#em sedhat the RFID tracking

data may be integrated with other corporate and high-level management functions. Some

RFID information may be made available to other firms in the supply chain. For
example, the RFID data may be sent, fof example, over a virtual private network (VPN),
for storage and retrieval by business partners (e.g., suppliers, distributors, transporters,
retailers), such as a firm 40b, that have access to aspects of a shared RFID database 50.
Although an exemplary architecture has been described, other network architectures and

implementations may also be used.

The foregoing description introduced various aspects of an exemplary
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information fromthe RFID system and ot her sources.
The collected informati on nay be anal yzed, either by
w0 b@e®yssem 100, or by human operators. One puP@DES200$/029148
anal yzing the collected information is to identify
opportunities for inproving the performance of the
RFI D system 10. The system 200 incl udes a processor
110 that is coupled through a bus tgo a nmenory 120 faqr
systamcoRtieweh e eavarioonaliptrads mpesragnt off pidicles weing an sxeraRlsry RFID

I.ncl ude r '
oy AL O8] RO AR e TR o such
RHBGsysffmayb@nishikdrad by Bpemdimahdd mobiteiing §i8tebitthat Wilknext be
processor 110 may retrieve programinstructions stored

dep@ribefe program storage nmenory 122. The processor 110
may execute the retrieved programinstructions and
t her eby per f or mRRIDcPérfmeanek MadtaringtSystepol | ect i on,
processing, conpilation, analysis, or storage of

per f or manpig illehtateIR FIS Gi@at i 06F FIG) 1SoRkerdndledts 7 RED
the programinstructions may further cause the

pepfotpenss aronitoring Rystans | 0 dhersieafiget symiam 1 60') ikt vy Riledd

. System perfor e, .and/pr.to repor r ad .
i i B8k PR S BT lphOo ! ShEbARER iormption may be
anfRESBEREG by thesyBIeRE RS 8f byl AEnARYp & 080 UDhESlirb OseViFTah Y Sing the
devi ces that receive, send, store, display, or process
cotletted mifinetion isgb idintifadnportihisics Ennapravangsthe pertemmmancef the
Rﬁi OceSSO{ 110 and these devices may be, for exanpl e,
DY to 10, intra-chip (i.e. integrated in a

single I1C or ASIC), over a parallel bus including
address, thetsastern@Odesiedesia nrperssor 1d0dhatds equipled) thigugh a bus to a

. . . i . . a
e A R PRI orBl ASSEA el ThohEReRPINRY neffc
prb@@nm@@gé fRmotd e ompitdidaabast afeopy $24, aawdtistital andlghis

hand- shaki ng signals for operating a processor-based )
meyeery dZApanseansRilienTemomyigte M veysic i stha PEIFCsso ¢ gy retrieve

may be used to inplenment the functi recel vin
g gt Epat Sueliy MR bR b Fror RS &gy 0 mey
exBERS GRS efrictdDpiRyan? Ristridios Bl #erdby peeibid fifhctions related to the

m croprocessor or mcrocontroller, or it may
colletionpprogessingut anplation rapelysis,or stqyagrgeentormense pelatedde

: coordi.nated operation.of the f.uncti.ons described
infRpdiGn: o5 SR ER Re e Pregim BYGHETRY ApepEtse the
pro@REHrad th RridBive dBi6AORNRHRFRRFIDNGEtedB)Bfahafoe! ARl/or to
processing of certain analytical functions to a nmath
repart pragessss englytioal resndtartp lesternah syskinss endaripinan operators.
processor 110 is also coupled to a sensor interface

140 and arfessdbasd 190mhdyde donprt taeeridilevitbethaerseive, send,
interface 140 may be coupled to a nunber of paranetric

stayendienlay, by pracessraaihinsheontiel sgualse nihrotPnAesfioas betaeen the processor
i~nf qr.oat i.on_ about ra s.th ffect . .
AT - 20 B R kSRS LR e mcsredin

a single IC or ASIC), over a parallel bus including address, data, and control lines, over a

serial bus (e.g. USB, Ethernet, or controller area network), or a combination of such
methods. The signals to and from the processor 110 may include interrupts, control, and
hand-shaking signals for operating a processor-based performance monitoring system.
Various architectures may be used to implement the functions of receiving, storing,

processing, and transmitting information. The processor 110 may be implemented in a
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the paranetric sensors 142 may be used to nonitor
tenperature, relative humdity, vibration, power |line
W@ @bi08359 oper ati ng states of various equi pmreneCT/EHIN5/029148
as whether a dock door is open or closed, or whether a
certain device (e.g., notor) is active or inactive.
Ot her paraneters, such as eMvironmental or other
phenonena that nmay pot entl ally introduce disturbances
sipgle BuerpRroeessel prgnisfocorkalioresr ﬁm% IKETRAEHE fgHidRle Prosessors

prﬁgl%ggﬁ?ed t%fpr&ﬁﬁg a gogl%ﬂm%?erd }/atloﬁ ol Hféefuﬁglong dés%?lgé%ﬁ{rem In one

erfiBydirdérs) dedite éﬂbﬁ}a’cf(ﬁ@ tHaf Be (hﬁnd'P&i 153/ & agh nn'Ehg;rf)%&b&ﬁzh delegates
control interface 150 may be configured to send a

tha prasessing ofwsHeingm ab/tl@q&mﬁ@yﬁztomﬁ fCeTRroeesBoTe faricgample.
action(s) to inprove RFID system performance, and/or
t o report Iiphscasmpkt, theprgaessoall 10 essalda cs)whtdemaesemk interface 140

yS or to human operators. For e
e IR FOMER fEHaGeely O a@ﬁﬁ%@tqrgacsngo iy PR goupled to a

L B By Py A o R At St bl 1P S ol itpflion
abont parembiarickhat iey affadtie gecfaanarce oé thetﬁE/I]Zb@sfeﬁdl@: eBor example,

for exanple, to redu%e unj nt ent i onal |nterference Wi th
the PREPICHIIFEIUS Afeimey baYefddo reetifion FrRREsRIen & ataf.eéwﬁvédlty,

w{nﬁ{lgﬁ]% oed #1%’ 81\{\41&}2;1%615%% Etﬁr%g |0?9 Fougfegﬁigﬁleﬁ L S eas h ther a

ddckQToeaB;Q)pTeh @r kloked, ioh Oﬁhdthelf a certuih dgviad (e.g ,agstor)nis titéve or mactlve.
read zone of the reader. \Wether power |evel should be

Othst praBiedrs su dheasrcaniseanangal iofprhsy Bheuonmng Yhat gy potentially

. BN L ysi f e
R R B Ty AL LR b AR SRS, Olfgapmgle of
sugh 8 Qe ¢ (ihdhﬁieainrl&f feeeiv@oedéetadtalpamd nld@koding adbient RF

par anet er database 162. In this exanple, the databases
enpay-thatamahdispipbihcdeading &g 88y for data col | ected by

the system 100. For exanple, the processor 110 may

recei ve pEnd eedmok eoutedl ddtedacdaitsa rhaydm donéigied B send a number of

r 14, rocess t he, data usj ng net hods

oper ations_sery n
Otng"ﬁi sigaly 1 ireto 6‘? FpEsd W‘%’\W S&%WTBY%RFQ SYSEIY PEL rmance

ol PSSR, RGBT UGS 19 baaposfis

Fcﬂrreﬁﬁ!mplb Srie mmfobmgmqsz el at edussled to Gt afithelrdaders 12 to allow the
dat abases 20-22) that is associated with a particular

sytar 190e aéﬂ@t:@@@@wvemsyelsq HheeRF pigngltsmsnsied tythareader & On
oﬂerhaﬁd YRY e{a'a’&f Ilz)og{flérﬁl&%i %a9%§ ge%h"él dg?ml &Egé[éf ﬁ’c{]&%&e%ﬁﬁﬂeﬁtﬁbnal

rer rocessor

mtlaﬂi@réﬁﬁélwith Qtleer keddersrant it® Bvdi eRiditgtady thm 4rb @osRtBGbSally within
142 in the paraneter database 162. In sone .
the rsddiore af the rpatedr Rathoethehandcieaderfposier tevel pay bininerepsed to

B S L U S R o

level should be increased or decreased to improve RFID system performance may be

C'

determined from analysis of the data collected by the system 100.

The processor 110 is also coupled to a performance database 160 and a
parameter database 162. In this example, the databases 160-162 may provide a repository
for data collected by the system 100. For example, the processor 110 may receive
performance-related data from the RFID operations server 14, process the data using

methods that will be described below, and store the results from the processing into the
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for exanple, while other information may be associ at ed
Wi th positional or other reference information, such
w@g008/0pese i cul ar dock door in a distribution CROT/ER2008029148
a particular piece of equipnent. Such associ ated
informati on may be anal yzed with other collected
i nformati on, for exanple, t]d | ocate the source of RPID
stem perfornance probl e Col | ected i nformation may

Pebélm@?p idptabased 08 o e mtalﬁégetaha@@ 124h MVhenthapdling cather product
orénlcgfg% ?‘BX’LGQ Qafd C(?t%?esds]ﬁ %a&{)aseé gb %ﬁfﬁg?ﬁca%o%ﬁa@& \Rfﬂll ? é‘)artmular

Instructions exec rocessor
tag-lr HEe HOB%YS bﬁﬁa}dﬁbﬁ: e yrdressel @tff@@ne(ﬂﬂohaﬁ: b b%y ithdt QnffRBRa¥sociates
24 at the tinme it is collected, or_it may be stored

theinfermetivewithragiered tag iWentifisn speh 85 a1 FRCst ored i n

anot her dat abase, such as dat abases 20-24, 160-162, or

ot her ( exflerpratessatatlahasyestae defosndiion rbgeittddefrcpn teeseaans 142 in

110 via the Internet 32 or tcﬁ_ﬁ i nt.r net 34
the pramptar AeAatEy Obe I tares crabp y f&#@@?@ﬁreal%ﬁ

a?z'i’n ﬁé 2 a?%% '12? n?agrlfe'aggoma? 1t1‘?§ g@t‘tlfc{lﬁpf@édéij i3 fh de ftier array 12,

or ot ta storage nedi um or
foﬂ@talrrqﬂh wihile Seiee ﬁ@ibﬁu’diomﬁyﬂze abdveiatedf witlrposiionairey other reference
npiled "online," being effectlvel added to the

m@mﬂqne spchas apasiculay 4109% Pqring d@@t@t@w@e@% & atpgrtiqglar piece of
REI
qu pren R0 y§uc%nfji%)%1altéh 11]?0% ¥ 1;)@ ?&%d gﬁ%ﬁé@f@g&%?d t he

infoanmidng ebr da&htﬁpleﬂtot 1b&at6| ﬁieaé@aﬁ;e of R#ID Ispsterdrpetbtinance problems.
enbodi ments, the processor 110 may execute program
i nstruct Icgalecea%fsﬁnttnmﬂfyw&&m% O ERAB S 124, The
process the information as it 1s being conpiled into
infohatioanqoinipildd day b gseceied or Stieed ;acmrémg ito gromgmmed instructions

assocj ate the informati on bein rece
CXprE] WA SHOCeSE ] s TEPEOT & Sopatfithatly gRo memory

12498 ?ﬁé e Jt of &rllg%tl Ol it 191 Bé nged' d}fd%fﬁ@& fr ﬁﬁi 11?1%!;155'@511 initially
an reveal rrean relati onshi ps between

stgrad ﬁfmio&[es datﬁbm mch@eﬂsﬂab@emm i 160eY62, be ofhec Grxiangul) database
data, for exanp to, reduce redundanc

acempieratibe HsRowee vipdhoginterpg i of A {a’ilfﬁf%r fRghsgpformation
maghgb fecBLO0E 'u{tgrr%}’ | GLyde aﬂﬁq‘f&'n?a‘?ﬂoﬁ%ﬂﬂ%? | G a0k floppy disk,

a oncer aln paraneters or

Coafl3h a&@ bﬁ/tapéu dtmtmtdataa@@ageme@lhemrrmymbe In smn@mbbdnnents
O her pr e- processing e performed to format or
Qi%‘a%

the mfcplalatlne H@M#sucpenﬂ@rht beipg elipraivelyiadded to the gampiled
SFRUELIER s AT S e LA

?1%6 th@pideessdnl ebase peﬁmﬂ & LRI lﬂrd>d’¢§s1ﬂ1g’16ﬂh%btnpﬂed data in
0 the dat abase 124, the processor 110 may request

thsdgtpb@ﬂémary i nfor natl on from ot her sources, such as
the WMS 38a-38b, or the IT 40. After processing the
dat a i n tlheegainpnbedintatabiegeodlshr 1t1hengyraxeass progtd

instructions stored in the program storage 122 to process the information as it is being

compiled into the compiled database 124. Some processing may associate the
information being received with other information, such as EPC numbers, time
information, location information, or other information so that analysis may reveal
meaningful relationships between parameters. Some processing may filter the incoming
data, for example, to reduce redundancy or to eliminate non-useful (e.g., null value)

information. Other processing may include developing indices or other metadata on
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may store sonme of the results in a nenory |ocation

such as the statistical analysis report nenory 126.
wab@eiosif3e? mat i on stored therein may be format t BAT/ARIN05/029148

structured for convenient review and access by various

utilities, such as graphical display prograns for

generating graphical displals on a display device

vi ewabl e by an operator. The graphi cal output may be
ceuisaRasHnBiOr Aighs & theidatabass byt whieh deiebase peagefies may be improved.

O 1l 83 ESEHESR L M FREIE Y orkLOBEEh P
arfaly@is O P s hOEmbisditgnts,ftahe Rfaimatien (fg.¢ 9 tipldtseimyd) @hdayl Beadssociated
or other input/output device for accessing the

with porpe Informatip pndis baing ided teitheplagapgseralhilneerrpibng information

. qr i cal put _capabl f illustratin rends an
inl 8P SaBioe AR SRR 31 0 e bl R rom
otBEN@iurdeRAEH hitthe oRITES8-38Y, Bf theqPndi t i ons may be
di spl ayed to indicate that paranmeters or
tha, 10
oA=L ,iﬂnﬁ"ﬂ)rﬁ)éessorl

perf of Manggehakefls Y GALRlLE CoRbil @
fall outside pre et%rm ned acceptabl e
maylstotd somet of the sedts idiaspdmayryilodadomsidhon thasteidticelchnalysis report
reporting capabilities y he incluyded in the system
memery 1y %&%@n@tlw@@@a@m m%ﬁgw?éte GR¢ Figugtuigdder
. s r £ . )
oS TEOhSad QXL RIS, R EPRERiplypypgrars o
gdnbeatiMl/BrapBrralBBiplays vd o diepldylddvicemictdble by dpetaomaTheogaphical
may be sent_on a routine basis, or in _response to

oytpguaat ke uppated; centinupaslydn rephiims) dPepadis dpervliepr asequested by
S t t ; i . . i . ;
DRSS bR I81 1 RSB B roionegy o
oS ROE haiE dorvdxbiipR, Babinpetel fermiRNG @BéURRIt/ Julut Cedice afre
determ ned to have | ess than satisfactory performance,
acchesinedhereparge infRymasiong sThsh displeyamay §8atporge grphigioutput

S0 TR T B R g
repb @i hinat SRkt tasdifsns thet becdisifayel Bo adic@teth@Cparameters or

exanpl e, the system 10 may send a control signal 152
parforinaateaaktedtinkormpatisy orf meedsseaigiwdis falheutsiderpeadetsimingdds

at t .ed by readers 12 that may be attenpting to read
acfﬂ&gbqgim’%ﬁe unsatisfactory | ot code. Asillustrated by

t hese exanples, a nunber of different corrective
actions ri@yadgiiopdR asualiiplay ipormeiorsadwneed paging capabilities

r 5. | L L . agpl | '
B AP ERD St A AP 5 00330 e
scB@Rhli@idNeaIstof coRPHed 6r hrobResdhbreatiod anthrebltsSto the middleware
| ocations in the environment of the REID system 10. In

seovee 38nthe IV MSH82-28b, ahide 1T dinm 40andbe inforneation meryrbs seatron a

_are in.close proximty t me of the readers 1

ol bET Ry Rt ardrdiPe QR bRt e et whth the

pr\é@és*s&lulsl ol c?ﬁs'éfs! &&%in't ﬂiec%’etfi‘nﬁﬁdd' &;ﬂﬁiti@ﬁs. CRSH &bmpleQif the performance
exanpl e, e i mpact of tenperature on

of tags associated with a particular mamr;Bcturer lot code are determined to have less than

satisfactory performance, then a message may be generated and sent to the WMS 38a-38b
or Firm IT 40a-40b to notify appropriate personnel to, for example, reject further use of
tags from the unsatisfactory lot code. In arelated example, the system 10 may send a
control signal 152 to increase the power level and/or the number of reads attempted by

readers 12 that may be attempting to read tags of the unsatisfactory lot code. As
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t he performance of individual readers may be

determ ned. After identifying specific readers that
whawe/0sBaper at ur e-rel at ed performance probl ensPCT/H82005/029148

source of a performance problem nmay be | ocated. This

| ocation informati on may provi de additional bases upon

whi ch to select corrective Bctions. In this exanple,
_potential corrective actions may include: re-routingﬁ
illyskraterd vtheste expmples, esnupber ebdifiernt pastechiFeagtipns may be taken when

sepsitive ermper at ure-« el at ed performance
R T R AN %?eérpelgﬁg@ilﬁgle%ﬁﬁee%affect ed reader or tags
W th ones that are | ess sensitive to tegperature,
el ocat i i BHEABERAIGDE Sef RO ey deeBioaice problom, sensors
| . i o T :
14p 5] RSl B o Hent BB YRR Rlaisi ) idironment

the ROID wgstéran 0. meahe éraboaliment, atlbest sdfEnggtetmeBahsors 142 are in
adj ust.i ng readergﬁpmer | evel _to_cohpensate for

clasg PRty @ Sy PEhe senders; Ide Byacqllsgimale Fripseatuts arpwydyreaders
: | . ical /
1234 SR oe iR K PR LR, P ERIHAL hE mact o opperature on
thé pgforhehegoflisdididudinesRremanpd egemtned sefér idaitying specific
potential mtigation strategies that may be used to
readseR ibat have tampasturerclaehpraioatane nrableas. timsowspe af a performance
icyl.ar . r . heen.,.
e o BRIt RS PSR BB 58 DA SRR g by won
wISEICHD seldet Sorsctn®h@ionk.| Usthisadx@mpleppotentidl @ctreatteactibrdntay
_may be based on an anal ysis of the inpact of various
ingugeanetaitingde flew oéartisles thecadyrs thahanigss sepsilfe ioous

nbodi RFI D 10 Fl f .
AT S plel matscr o SrAie e P R ST B fies witn
onk @At hilkQess lskhkfitvead katBpatars kdlBdting thdtebler o rddate temperature

exanpl e, various elenents may be inplenented on a
flustuatipes Eerpwey fignpdarkfdoprs); pravidingdocel sinmgrasurseegation for the

desktop or. | apt onput er.. natively, certain of
ref (5 potioedRb MR pr e e R Sibiptn e Bt power
le R BRI dnSA TR IBmPT AUt OYadrBEioRY Hcpehsth@ Thd BUNIRS of read attempts;

i npl enmented in distributed conputing platforns and nay

vayseg e Iphysited prwiscttag ndnfigyiratiar ey pallats) ol chapgsgrthe type of tags

beglgsﬁ{s?% ﬁfﬁ‘%g %i(%n%g%]rfe{)’??ge ’Sﬂgll% %%{,‘%%%ﬁg@tliq%g{ﬁ%e&qs that may be
usbDIPILAGRRe AU of Nondekifre vAPIRSURn d RERLAIEEAer WHbse

exchange I nformation using wred and/or wreless
pecformante hat been identified ed epsitucto @apiSBire BanmtonotAs, such, this

RS- 232, Ethernet or other co nLca i on et hods )
expmpls|stgtes gy C@szr&ﬁ%‘reeacrlﬂ?%lagéﬁ? wpd op an pnaleys ofifhs dwpact of

vaﬁ%% }Beﬁ‘ﬁrlné(tegt(!&ﬁecq@& %bgl]%§§séa91%6 and 160-162 may be

enented 1n a sin ata storage device, along

ith th lenent s 120- |
Conbi nat 1187 Br gt ot Rl tudim ol G ER gertormance
mdHCHAE Sysi 100 6oy U6 cBilieupi LiBlcATRARNe HBYIA8E cAWOMiment of

, for exanple, "disk drives, flash devices,
FIGAM For exadmle, various elements may be implemented on a single computing

platform, such as a single server, desktop or laptop computer. Alternatively, certain of the
various elements in the RFID system 10 and the RFID performance monitoring system
100 may be implemented in distributed computing platforms and may use other hardware
and software, including servers, PCs, laptops, mainframes, programmable logic

controllers (PLCs), hand held computing devices, interfaces, and the like. As such, the
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RFI D Performance Monitoring in an Exenplary Supply

Chain The RFID performance nonitoring system 100 nay
wheond®sdse o noni tor the performance of RFI D syBCEDS2005029148

various applications. For purposes of illustration,

FIG 2 represents a series of stations in an exenplary

embodi ment of a portion of ¥ supply chain in which an

RFI D system may track the novenent of articles, .and a
elesaenioman medanginfosmetien ey Wied el omyirelsys| cogmunication

rforna i.nf [ ' | e .
G BLRRSE 5P Byl RS b TR T g pghocs
inVdlRgk, fohexdmlemBatedRFabL fiteh 05tidsn Smihis, thdddHtitRBes 20-24 and
center in which various goods may be received, stored,

lednth2naxesiineerpentedbing single daie prtame device.ctleng with the memory

custo for. exanpl.e. .| his | e, the uence. .
ety T Tpe B FREitdpuo ot PerRiufh R05ie8 driin, cOMEY Gvices
mhyt BOBde By ffitable nesndr dbdcds'sacikad fadQainpleodik arif¥sl Bash devices,

system In one enbodi nent, the sensitivity of the tag
EIRRBONG RievleonROBM at a station 210. Sensitivity may be

deternmined at the station 210 (or other station) using

var i ousR RED Petforiliede Mohitoriey ikemc ExbeplarnSagplniChayi t h

reference to FIG 9 . In sone enbodinents, a station

220 may %@ngéxﬁfﬁlaﬁ& Bb@tdrRg stdtadh 100 @eHyHFused@ e monitor the

tag with an identifying serial nunber, such as an EPC
pecfodwancEed RIGPrsystsing mi vegioss applicatians0 Fanpuposesad diustration, FIG. 2

B SRy Bl Pt o i
in SN ARPZDsystdAeh @ dabBihe nbveRRht Pourtidlbsd¥ad ¥ performance

associated W th intormati on about the product to which
motitarmgaydtemied njayrcotiedi pevibseancoughted itfojmatias. Jibtshexample may
oper at or nay ent he product information and EPC. . .
repIAF A FORIRGr i L PRl St il ok UEmS e Gt artiles n a
] &F@P % whieh | 295 Fha§ BEPLEcRed | R6HNA HIARH ohallet
dj%%%p ed&tif) tg}he RFI %‘ﬁ% ems 16& Sonme or” all ‘of tﬁheseO ‘pallets
fof shigrhemins rethil stsadmenssfo? &m0 may be perf or ned

"upstreamt of the distribution center. For exanple,

t he nmanuf gGhidleRAmpPRYtha BEju¥néeRerStdtidns BegisORhil the 1REISH EM
the tags with an EPC code, and determ ne the

produnts, tifewist gr asticlehto hedtgackeh 20 it thedt HPesystepu| lg omh embodiment,

ket hi s i.nf i i | ab am RF| D
eng Sty By S PRy bF AetiRpe R stifor ALY hiehSRTE R Res o
de?%ﬁ%sa% t1ROstatR :iaboh(ei- BeeMiaSort uSing ivﬁﬁéﬁsriﬁeth!s@shthgtsw%l be

formation w th the distribution center, such a
deg@itbedrin detail withfreferaxea bpFET. SAdospae ryibpdinientsoa statipoa2@ may be

o B Peftog TRECe B Brdet ot £ 08wl o8 SR bR Ry el et o

w06 . oL et Qo gttt 90 cnpred

"program" the tag with the assigned EPC, for example. Af the commissioning station

220, the tag may further be uniquely associated with information about the product to
which it is attached (or otherwise coupled to). As such, an operator may enter the product
information and BPC information for storage in a database, such as the databases 20, 22,

by using a computer terminal that is coupled to the RFID system 10.

Some or all of these functions at stations 210, 220 may be performed

"upstream" of the distribution center. For example, the manufacturer may apply tags to
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noni toring system may send configuration information,
for exanple, that instructs the operator how to apply
WO b@eaugse 0 a particul ar product. Such i nfor maP¢DOS200§029148
reflect a corrective action resulting froman anal ysis
of performance-related information that determ ned
that tags on a particular p]=5oduct coul d be read better

by changing the | ocation or orientation_at which a tag1
the grosiyet Peaere® theideprah ae EF G edecsngristamin the Rensiity of the tag
ThOSRR @0 c A8 len ke kA0 TSR B dilaBR 38 o fhifeam RETD.

pro s nmay be se romyvari ous sta

systesb enstbding et @forinagions hsthe shatQDR FIDNdstab86 SOYV&thy dthérsvise
i nformati on may be stored in the databases 20, 22, for

dighyibeche oferartionmohrthe disHivtgn 9te, Hichres i AN of e, for
various stations, such as atag list. Atag list nmay
&RSiise a list of all the serial nunbers in a single

group of tags at e read by a reader e RFID
system 10&?Fg)§/d Q»fp'aﬁémﬂ@l [REERTL T mﬁost%q © (e RAspr sent from
et
HENBRONH B 05 1, G GHNDR iy RERLENR: ity Mo

infoeyiatiarr: theme ermbedinteaf, sheREWD tjseent §Q ot {hetRFILX perfatrimeatice

information to determjne jf tags are_not being .
meREiOEEE SYF AV SRR R IpTITBAOR, 108 egble diptdnstructs the

o 85 | B DR S50, SR e et
coepcatiyd atioh hesultigFroan n Aetysisrof @érfaﬁn@c&rdhﬁed nféhation that

where products are aggregated into pallets (or sim]a
deéwwﬁﬁ@até@sﬁ% B CHAPIAAE sewldibs repddtier by ghanging the location

or&*x‘%e?@t@% §EL %é% appiiiod Qﬁeﬁoﬁﬁ% & %%ré@'ez?oéﬁ&{
P ol SESoBGhRtek o GRS e e sy
b 438t P& veliSus BHidRE t&ﬂfegmmgr g 10Aa§1d%ﬁﬂe gfstt%q h@@ab

of RFID tags on 1 ndivi ucts may Vv and t
1eceemﬂaﬂnd infoymefion agg bestprdiein shibjatdtasds@ X B2, ﬁnsabm:mpib sOdn:r
pallets apnd the | gcation of the tags vvlth n the
in &Pﬁt&n B8y o %recmae%ﬁanh‘@rlyus %tﬁté)rﬁewrcg@ﬁaﬁ%ge ist. Atag list may

SR 040 U5 P S OTRATBA TS B e s
TiRtRIFIDosys 22510 My thepse dttieteivel the listgvidh appedctetidist of tags to

exanpl.e, on a rotating pl tform(l. . Spin table), one
deéerm%rl Proguete Faay hgyissings  ThenRifiDhigerk W@m@rmgggst@ﬁ 100

|
RSy 8 Pl el B9, AU 8 e v
be;h@Qiete'EfBﬂ celfeftb(paﬁynﬁetncéiﬂaamﬁdmeags of pallets on the
spin table may be a function of several paraneters,
such as sgingr & "in Mﬁﬁb&fon%@ﬁt@% hiaf §end°%d| Bleive ir]formation
confi gurati on, tenmporal multipl exing mul t1ple
witlethdeyserarl Dy ém:lﬂ:asr exangld, tie tags are hetdlreadat o dhaticat X5, ehere

PraG &t 86 Chalyd i PRLRS (bATIBT SHoR B Eontainer) and wripped  plastic

for shipping. The pallets may be mixed (including various different products) or

“homogenous (all one product type). In mixed pallets, the composition, orientation,
materials, and configuration of the products within the pallets may be uncontrolled. As
such, the location of RFID tags on individual products may vary, and the readability of
tags may be subject to the materials on the pallets and the location of the tags within the

pallet of goods. Accordingly, the performance monitoring system 100, in some
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signals 152 that are coupled to the spin table
controller and the readers to operate the station 225
wo e0o6/opr3eve RFI D read performance wit hout unneP€BE82005/§29148
sl owi ng the operational flow of the pallets through to
the next station. In this exanple, the next station
may be for stocking the pal it on the shelf 230 for
subsequent shi pnent. V%en.reag#é‘t,o ship, a forklift
erpRRAmyeRiR, aYEXEhgnSe copfigprtnarelacd ipfopmption yith ghepstation 225.
enbodi nents, the pallet is read by a reader associ ated
Wi th the Ahdefprodict i heingoerappad forexiaonled on heofating plafform (ie.
sl SuB BN A D BBE B e R as s
thb tSToF rdal @agds 3hyl HeSiroViBEd {¥Re RID PertbRnilee n%fﬁt?ﬁgg system 100.

system 10 for verification purposes, and/or to
Theyeftieany pf thef readinigst of pati¢ts oo thempiptableasayshe afinstimhof dekeral

ot ot b AR R SR o
mBPBlek Rl Jf B{lﬁ'ﬁﬂf@?ﬁagé}s aF1 Qe SR Bie spifitilde ¥ hE gt%ﬁén ??%WAS

comunications. In sone” enbodi ment’s, the product
suiggestadidm ve saidirafyrdohe tpFIid Ul te system 1#0rmeadiactudd Bontrol @autput

B R 7 Sy e SIS SEUBSARETE o0t e
stﬁib‘ﬁeﬁ%% i ro%tIiF‘ib%ﬁac?ﬁer & Firlhlu btk cLRalily Wwin
ave significance, for exanple, to business processes,
ouationakflaw sfitha pabetatidough/toi the next stdbiaever, accurate
verification of itens being shipped my be conplicated

by numer omsthi @&4MAPIS, the AEXtWeHtE mayel BP§tBcKifd HHRGIAlONh the shelf
of f of noving objects, such as forklifts and other

230efonbuliseqrent sh e Vhen readypeshipua &1kt mag packi the pallet from the

st 2 s st PRI B BREIRR (o S5 Tted it the shett
oMb AGITE - rd 1hE F5:RBAGE s pidkBb LPHRAES the M e AdRISboard

of adjacent dock doors; and,” other sources of error.
cofonwiecation andesmppar systenemsy atlleahgnddiansing thetagdist for the pallet to

S Lons, varj ous, sensors 142 be confi gur t .
tng R Gt erm D i o o T ISP D ot it gellection
ot O t . n [ '
P e S BRI i Bl (Dol B RERIEL 188 the RIID
systyst Enmapéxchatpe donfnemdndaitarent eostrvladiofmation, fie extaiplepnsing
,n%y include timng or tinme stanp i nformation. Tenpor al
WEHES CREFBHFaHP®vi des, in sone exanpl es, for
determ ning historical trends, or for correlating

per f or maneeonlsantedinyintsy theaproded flaw ipelndasecadisg thegroducts with

ex .. To the .extent ._performance, paraneter .
o GART IS e VHEGHER BoE) 0 1 elo s PR laELAH & ik to be shipped,
fol: BEREIIRE TRBKIBRYhdBo WSSt bPartidREbd flky Wl fladl @R tRIcks may have
accuracy sources of performance-related disturbances”.

sigmfianca [forerxasipley to jusomscprotésess, suobfae inserhntoambinvoicing.

Hct)v% _e?,t efcgtlgria% Vetriggat%loo Lljt%}ns %%%g shipped may be complicated by numerous
factors, including: variable reflections off of moving objects, such as forklifts and other
metal items; changes in temperature and relative humidity as the dock door 260 opens or
closes; mechanical vibration; radio frequency noise in the environment of the readers;
interference from readers of adjacent dock doors; and, other sources of error. To detect
these parameters at any of the reader stations, various sensors 142 may be configured to

provide parametric information to the RFID performance monitoring system 100.
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proceed directly from aggregation at station 225 to

t he dock door 260 wi thout being placed on the shelf
wQ3@s/03ssordi ngly, FIG 2 represents one of mapgT/US2005/029148

possi bl e paths for goods to flow through the exenplary

di stribution center, and it depicts only one

configuration of RFID statibns in the distribution

center or other warehouse. In other exanples, a

per f or mandleanyotatos tha greyidescommipicapn &nﬁle RFID performance

er for mance-rel Lnf.ormation W . .
mer G a0 B Snahih inad i e Rtelh mey ipclyde,ming or
tin®f sthidf iffinkt®hatliefpsral @Fo@ion ?@oﬁdbs?ﬁ@bhﬁ%kh@ﬁl‘és,%r

environnents other than a supply chain or a )
detiirminingdhisiosiraldends or fEmorsleting petfonmrace eipsiged with pagicular

an i.ndiyvidual .ta e neasured after the tag, 6 has
ot LR oo MR L PR LOE g T4t GHTEY Cht SPHGRS depend on
tin®d, @ﬁékptﬁkm%% QverdinfoHfdtiontriS) SRSl td iﬂehﬁi@%ﬁﬁgl’é%ﬁ‘%curacg sources

woul d reflect the sensitivity of the tag as it wll Dbe
of whifpemance-aelhted disbubansepr oduct . This sensitivity

nmeasur enent after application would also take into

account tlhencitt@atiad produafbwp heegadit asahg-bhship alie pAsiuct may
wel | as any affect the product itself may have on the

procegd dirsetfcfemapgrpedting at gtatign 287 &o thedeck doey 2Ggwithout being

C , or metal content. In another exanple,
pl%%@%ﬁ%e%héﬁg%?i vity may be nmeasured both before and

af ter comm ssi.oni the tag with roduct. at th
St ati on ZHSOH AR PR P e g gorTle pads Tor goods to
ﬂoWh%l[Qltth Qxir%ﬂ%lg%is%ﬁﬁi%ﬁ‘céﬁgr, B8 & NeplcAl di¥Pohd \cdiiuraion of

that reads t gs may al so send one or nore
REIEx ftatioms ic therdidtaliedneetter osotheuefrebsusehén dbihlet exainmpies, a
ttjéms to read 90% of the tﬁgs in the ta? \la]cgstf; time t
PeFlQEAnES (ORTHOTIRE 8ysteay B3y RoNqeE PeriRyTiapes-Telateymigraating pid other
> f L@ - S fr :
coR i HAGRYT dh cBBIE ARbel T Vrafon oF AR IR ARG el s in
application®ott @vireadertd Ythe? thn aS08ply chéia or & Ustrébutio 08fte0rFor
other value, Atinme |imt may be placed on sone ﬁr al |

exgipplen@e sprpiviyof pe indiddnah taganay brsgasuredadten thgoig has been

hecal I l.e,. ' : g f ail ,
oS ol BXATE aDroPRIthb StiB] 258 IATRYGH Bl schlitF
mdagurenehl woild refatthefstetivitvelfyhe thy as vl dkdble arAdRd t@ the

reader or set of readers may be configured to read a

predustip This gensitiety angssurement abier eppjication wauld alsgdeles ipfonacgount the

nunber o t.t enpt nd r rd th er. of .tines
oriiEhE} o pELUHIE LT 0e TR o5 SELHE b ey BiFrofies by tove on
th@’s RensitRedyutiedo Wctdis st 28 flufdosdieene shiygd, at efétal content. In

informati on provided to the system 100. An exenpl ary

anpdehednple, ke @b sensitivitgimaydgaheammied beBeléeresag alie el op
h.per f -1 el i nf tion whil di
cofie e BedR SER R BrobRE e P kBl 020, "R & 5% ™

In addition to sending tag list information to the system 100, each station

in FIG. 2 that reads the tags may also send one or more performance-related metrics, such
as the following: time to read 90% of the tags in the tag list; time to read 100% of the
tags in the tag list; and, the number of successful reads and number of read attempts for
each tag. Other percentages of time may be used, such as time to read 10%, 25%, 50%,
66%, 75%, and 80%, or other value. A time limit may be placed on some or all of the

time metrics, such as time to read 100% because, for example, a particular tag may fail or
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In the FIG 3 enbodi nent, a reader receives a |list of

tags for a group of tags that are to be read at 310.
wab@egssap of tags may be part of a pallet of PCDUSNS)29148

for exanple. At 315, the reader may nake a

predet erm ned nunber of attenpts to read all tags in

t he group. The predetermn ned nunber of attenpts may be

10 or 20, for exanple. At 320, the reader reports the.

maY, hp erablt tosheagad dugto & BHwS, Oz kaderanayrheamabl tg gead effectively. In

n 1 n . f o F e
ol B AR I8 EREHE BRI Rread g uch o
a paARYIdfaskhs fof 8 predetcPmingd YulbersdfQftethptsatind ®86id the number of times
tenporarily, in the performance database 160. Next, at

esghiag is Hecacdiully rsad oT mengwewsBoumatjon maybe mgkidadyritbdhe

d he |]j f be i h
o ETRaLE heled Wi BronkBELy BERSIRRIO0 "oty
I th det ' t.age of ted t
have boonARSRTPRRGHELBACY HOED HITARAYY R 5o e deyelop

RGP APP AR M alR il ERing Gadh o FREka Wi Aomatart of

Fieguired to read the predeterm ned percentage"” may be
reported at 335 to the system 100, and may then be

stored i npf{ne ARG § eRBBAELndAtRRBSR O a Hidh ok?f%§ f&B&roup of
all of the expected tags have been read at 340, thenh a

tags thahgredy bt eend & 3¢hedhedraup of éagsiniaysberastideftagpatieheftbroducts, for
ti [t for ki ng read at pt.s has .beep reached

XA 15, PR PR DT GG OH CEE EhULero hrcad el

taf ﬁg}sl% gﬂ@? At G cterhfheli @ambal ot gtﬂ&ﬁltp&sa;géy PEY0 B2 0B example.

no tine remains at 345, then the read
An320 it waderdeanrts3Re numnber doweressfyl redds, afo tdfierdedagss ibws" for

R Bl e b G BB 5 0 .
. : t : i

PP 1, BASSaR TGyl ks 16
e B e 5 PESEBITRASR) 58 PBTBE ¥t o

lik LB tag®Exfces thhRlin flcaRNRY6F 8llet QnPAndrRRGrAfHiesThgd) e ¥f less
above at” 310. Instead, the reader may attenpt to read

thai e pradetepmured tparpsniagp pbekpeeediage Havaipdse reask thenrpostinued dittempts
th d | j st t ai ni he EP th

R (et AR BT S PO Dol deert e Sep et ppieentage

hadiEbEh M1 18R # R/ L uilt]e‘él tb E@ad&ﬁé g&ae@ﬁﬁﬁegggycéﬁagéﬂ Gnay be

system 100. In additron, the reader may s
repofied ae}3iSdn thosyisteen $§05 trdmaP Chehrberstonbd mithe perfeysneedatabase

y L R L —
RS TWTRET IO DL % S0 BT B e

34seriétieuitneBmift s hol beemedachal) theh ndtinend hawepthas ceddudithe tags

exanpl e, certain algorithns were described as
may benl?lage at 350. Ifno tlmge remains at 345, then the reag attempts end at 370. If]

however, all of the tags have been read at 340, then, at 360, the reader reports the "time to
read 100%" to the RFID performance monitoring system 100, and the read process ends at
370. This "time to read 100%" may be stored with other performance metrics in the

performance database 160.

In another embodiment, the reader may not receive a list of tags that are
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being performed within the reader. In alternative

enbodi nents, sone conputations or decisions may be
w@erbossed, for exanple, by or in cooperation BMT/OS1008029148

RPI D performance nonitoring system 100. For exanpl e,

the time needed to read X% at 335, or whether the tine

limt has been reached at 345, may be determnined by

the system 100. The attenpts to read all tags at 330
expegedinybaysadeimrabpdaboraaici 10e Insieads {hereader omysitsaphtp read the

B e R G G i

EFR &8GR iddnbifyigxafihRtiodfoL¥Rt terbtedti®fo the REIDaRstem 10 and/or
propriate commands may be generated to the reader.

a . - . . .
to Thespestcamenestrietitojagisuttem 80 afraddition, Hheisades srepyscad indpranation

t hod. one .e di ment for e I the RFID
todf 08frm B0 AR B8 rPEr 700 2 B BN e beffortianc for the read
atteAPRs). NS hlheaRition BANREL AN b Cikafple, 8@NMindbel d8rdatl Btte@bts,
tag hits for a single read cycle in response to each
tingostamp dhfoinmation kbeutewimadheratierapts wees MEJD apé mhinhragieowts were
rmnii{lftr i_n%h%gstem 100 may send a nore conpl ex comand
SUPGPSTIL 8T P "intelligent" reader how nany attenpts

NI FLAG TG G N
o0 5y PALETHEIA8 U EMGE A PUADEL S

dedRivas eay &6 @elfeiicd; firlkasiple Adora xbbpeation witk tHedRBD
(described herein) in response to comands fromthe
performareg sraniteniog systern d0RFFEY gramplsy theiiee pasdpd ki fead X% at 335, or

t. 00,. Lntelligent r , .
wRYB TR A lyTE beng BER ld BhiBhSvs 100
TIR RIS B AP hIED, BYO 13 behiddifRas tnveBleas sys€em 100
various inplenmentations, readers may be activated to

sepding trachcopmtndpter te irensist. bihaopradstersansorunbey of atiempts at 315 may

optical .sensors. on onve .ot i on
e TS GroRn L J OB Dhoa: PRl 2 spesis erptptsyand
ap%fcﬂﬁiﬁt%rﬁr%d@ ttefy Yo BRferBiel o e rbARS. Thes@lAURShe? fvati@lss are

e.g., pallets) into and out of the read field of a

witlgatlerscopg/ofi thooletteodf i | t ers and al gorithns t hat

estimate or determne the length of tine during which

t he tags Inaymbenibedinddrs, Sdi@uhpleetht RFIDe&gstemaI0 may send serial

instance, a forklift may have a pernmanent| ﬁstm)unt ed

repchipqpets orharontaigliganto réadgi s 1) sepd attag st g éaghits for a
| ifies.the forklift. t
e P b S eolgR Pkt e e oo

pofoftdheeaichitoLing ki@ N0 bRy Biddid @ver @niRévemmBshdthat tells an
configured to determ ne ich tags are expected to be

"ingelligentt reoderttion’ many atteranis thmeke, &y whichdhq mésiligoubrapler, responds
i Rk P Sl R Ry 8 RS ehih b e h8Feaquested

nui¥el Bf fealk. F RAASintd VBB addts HRRBE configured to receive, decode, and

perform basic and auxiliary functions (described herein) in response to commands from

the RFID system 10 or the RFID performance monitoring system 100. Intelligent readers
may, for example, be capable of performing certain functions that may otherwise be

performed by the middleware server 30.

In various implementations, readers may be activated to perform read

operations by other sensors such as optical sensors on a conveyor, motion detectors,
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Processing Information in the Performance Mnitoring
System I n accordance with the foregoing description,

W b@efoar3for mance nonitoring system 100 may opePEr/8S1005/029148
receive input information and transmt out put
information as shown in FIG 4. In this exenplary
embodi nent, the system 100 fhay col | ect information,

anal yze the information, and praqvides outputs that are
PrE¥EEY dstecta® O PHIOpstator apenss yﬁﬁ@%& CREY 2R Ewf Qtags or groups
oﬁ%s' @tgg, p ets )i %ﬁﬁtdu??f e Ijecrl]cpﬁl&%l& oF b P4Rd8y fﬂ%?ﬂﬁ'oﬂffe filters and
squr : source of Infornmatron 1s auxiirary
algdritbmeretat edtindiOor dheredindTihy [gHpeybtient dingigRhich the tagdtinay be
the Internet 32, or from services such as W5 38a and
rephar shoulsl kaignrered eFowipstance, adoklit aay haks o permangpilyymounted tag
L pcl oy [ 1 hat . .
(o Ptk BEcH2 5y MILAEAT it ) SPGB T EBRE el e ot
preXiadiiy|te o ré@lel s @stkadbor lid REygrizdomillovaine Mgl fhe eniddleware
i nformation about hardware or software associated with
servee 30 Tan bpvsnfigiedite Wateaninrmtizhopes 2ie icspestaskioherpresenon the

pe TG} oty GonirBi B 53 B G Rign -G R g
THOREID st N®Ean (36 QMR At BR @b FiltérvRilib MgheBHELf O stray reads.

software used in tags, readers, communication

i nterf aﬁﬁ%ess%éln%cﬁ%?gmt}zgge i o%t%'e'moh‘l?ﬁ%dé .?Jr)]stt{}ﬁ ese

RFI D system ware o tware use

el ements can have an i ct on the performnece of the . .
REI D syst oSt et BRaCiesetle S fheRriidntince Monitoring

sydtertl 100ahYy btk 26 FRtdceRe aipptinfhattva bed @hnse@f dWBlitinformation as
vendors, 'l ot codes, versSions, naintenance data,

shopgrim8EG H. sknghig exemplaryrenotaidinaent othe systam A8 imap coleet fnformation,

augBf B raROE T PRLPRAITS: SYeEEraore PPt Baappraon
har dwar e changes may affect the anount or quality of
dat a t hat Thesysism ieﬂé%/r@w TeReiEh2 Vaiiisn af wmatipp as mputs from a
idi ' i OR. i e...i_nf: '
RS LGP AR ' BRI ) Gl may

proide idfeinhaBion Fyn 1he Mefret 83 Sdrifrdrh a¢tsited §uRH af MOWISEB 8a and the
position tracking systemon-board the forklift, Such

midglestar oservaiPOr dailiary nyrngton 610 By (sl dgiinfarrmpiop that may be
syste erformance to determne if Qsitjon of a
st R O SR B00%s Rt T T ot Fo SRBmED <y 1t om
performance, |f it _does, procedures y be devel oped
to mti gatelecis el pormaRIcnay ﬁﬂﬁ@gg%f?@ﬁtlfwlbwardwm
k . -, [
e BV aFERSboRel RAAREH ROM By BFI OFRERGS sfver, the
ingenet,| dragtiersetsaked elomknts e Iipadabtion, byxiBep srfosndtivatmay include
detect paraneters that nay affect reader perforpance. .
vegden vprroanst epds, pugtheniferagmtion gpous khehardwaneins sgRpyatsisgd in

tagsfé 5%2181{6#3', ké&u%u&%at?&nr}ﬁ{erﬂpé.s,e&{dsthg Qoﬁlﬁ’ftin\g Iﬁét@él{r}é W€ f the RFID

system 10. The hardware or software used in these elements can have an impact on the

performance of the RFID system. As such, the system 100 may collect auxiliary
information about hardware or software vendors, lot codes, versions, maintenance data,
upgrade history, and installation information. Such information may be correlated with
changes in the performance of the RFID system 10. For example, hardware changes may

affect the amount or quality of data that is collected.
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the position of particular dock doors (i.e., whether

open or closed), or the operating state of |arge
wora@hiosissy t hat may produce heat, vibration, OPCT/US2005/029148

el ectromagnetic interference (EM). Exanples of

envi ronment al paraneter sensors 420 may i ncl ude

tenperature, humidity, vibr#&tion, power Jine quality,

or radi o frequency devices. _Such environmnent al

par anet r i @ apsssbedimeat thrawilieanéarmagor g1y deqlude information

informati.on t he. [ nt. i i ch the.,REl
a3k a8 oB Rt Ver Y, QIR Mo Bechlfitn RS o Rifiessly
trandRaedd Rdin Ripbbtisy &bﬁ{ﬂlg{)@fsfeﬁ{ SRBER-d tHhRrisifE t SehliOeutiFRY

al so receive informati on from each reader 12. The

informatioramiy be perssitedwithREIPyetem nesfpringitsieid detearying ifghe position
for.mance net.ri.cs ensi tivi I nf or mat.i on aboyt.
orgFor R T Serifnf Rkhey REM S MRy SfpCRelt i docs,
preEQINERS kAR dbvelop&Sioanitighte thdneghlive infifaf, mat i on about
t he power |evels of other readers (see discussion of

FIG 8), . . st LD L
ndi vi dual iy EXE@“?@QE‘M i S%@algg‘%i{é%hg@@agﬁ %&“‘ "h@]iéa%%e{’%‘gé 415
an@fenvibstiniedit pAQmcRAJaTsoROMOr Bxahpke 0§ hidildry Yersemeahdude proximity

i ncludes providing a "golden" target, i.e. a tag of
sepsary Babdeect parprotsry thay may atfegt segsien padormanes Sy argmsgiers may

. acrea e At t . t :

o g5 508l RSBGPS SR bRt OP s Dy e

th@?@diti&p&@arﬂi@ﬂ@dobﬁ db&e .¢ eeihdthér dpee of eRE&T), b10the %Féirating state
the tag at an acceptable "hit rate. " OQther exenplary

of fesgd ashinery e supyi pngduce hgely vibeationt ongleqroaragneliniaterference
(B el s are described, for exanple, with reference to

8. Performance netrics for individual tags may
i ncl ude, for exanple, thenunber of succe4ssfu| reads of

a tag froffaREAEMAIGRRABE PRt SFRSPS; 24Taay ipRgde
B S e e L

envinstirnvéntal Plaranskesepsdra yhay ibe lavidegddite collem idformad about the
predet erm ned percentage of tags in_a ta

. .ag list,
enWEIENGE dn Weishdhe RERY sysfop is\pperafiae rvd sthidvare bglirard ohie an
. mance nonitoring system 100 may

%%{?%IHI?%S@e%{%%%E{Ghe perf ormance-rel ated data and

informatign received from sources, such_.as thpse

desor i bedt BEm 1R oY RO CEYS BLIBRIGREOm et sipder 12. The
iSRRI EBRed bifeallah "fhaz%dlﬁféttr%% 1§08 YpeP Bl SRR AL L g?rféﬁivity

a si ngl'e database, or as a nunber ‘of repositories for
infoohétent dbogt eatvreatenitsell] infornfation bladu mmbient BF sneigy (s discussion

descri bed above with reference to FIG 1. The system

of {§p. Hayzfélrwt@aﬁ@léﬁ%mwﬂ?@, s Yeotbdiradgt @er | cqa%lelle g5k1G. 8),
ang%ﬁﬁﬂd{ﬁh a%gut‘;tﬁé ?%néﬁ@ltﬂg)f/ ﬁ?’ﬂ%‘ﬁ%@% (REAs¥lds Rl ofFe8! &)

anal ytic

One method of monitoring reader power and sensitivity levels includes
providing a "golden" target, i.e. a tag of calibrated sensitivity that is placed in the read
zone of a reader. The reader may attempt to read the calibrated tag at various power
levels to determine what power level is required for the reader to read the tag at an
acceptable "hit rate." Other exemplary methods of measuring reader sensitivity and

power levels are described, for example, with reference to FIG. 8.

Performance metrics for individual tags may include, for example, the
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statistical tools capable of producing outputs that
represent the degree of correlation between

w@aranet3sy s. For exanple, statistical tools naRCT/nstoosie29148
sof tware capabl e of conputing correlation and/or
covariance factors for collected paranmeter information
and performance-rel ated infétmation. O her statistical
tooh may be used in the analysis, including, but not

nyrnbgrtod duacessifireadel ahasdiom 2 oggain nuawer plajtesuss; ead, the measured

nal ysi.s techni ques...| dj L, atistical .
GRS PR Ml AR b TR Gl SherTirdfe metris
folr onddEd aéaxdéﬁdn?riﬁ&ma@me%ﬂeh@ 18R ApRUEErriatApére Qg \§ tags in

conpi |l ed data 124, perforns an anal ysis, and

a fagtlist, preasured headeesonbitivitia a® ghiged g agmemiaydls.
i nstructions. In another enbodi nent, the statistical
anal ysi s ®hgRIFED $éfonmycdmonitquiirersystead] Mymay dgiatincollect all the

i nstructions,  executed on the processor 110 (FIG 1). )
perfamaRgeristaied @AP %w&m&@%%elﬂﬁ@ga@ seyEsetitsaah ahthopgedescribed

a‘t%RfQ,Ciﬁ 23Rt élo]tlgf;toi) QB@.nInaso%té&gb%ﬁfrﬂén?sc ‘ﬁﬁé@a&a Ot Sayhe
i'gital signal processor ( or other conputT ng
ingle@nanindd apeidle dathbanadryas iangnibbeotreppilogids thatcalldRite 2w
.a correlation and covarjance cal cul ator 445, in this
informatipsfor Agteraprogessing oassicr @ted abeveraidh rrdaancgria K Ged,
paranmeters that exhibit high correlation factors with
one or nolke systenh&0pmay,on seme embatiments, beegonfigunee té prbeess the

for, reporting, corrective acti.on r ot her. further,
cunlst HR RO SRPRiga e S Sudh crybigeigpoli ey include
s ORLERTR D1 S0 i BRORRPRLR DR Bl
bepwedmisarasetarsr dulekarhiblatstgistitad todnmey irslude softweleatapgblé of

any of the neasured paraneters, then a systenpperator,

CORRPLEB CRTRRHED. ARYPT eVATHICE s forlecied Peeigied information and
' _d o Thi.s i t . .

PURPAEAL A5 38 ol 0 Bl 3 SLEE 4O
indlbéing itvpubt fimided tohenitieppmbxigai@eat, and fpbessipy abslyserhniques.

to a display 452, such as a printer, or on a display

term nal theHe dHBBOdHE,UARatRtiGH ARV EPEn A& 40 Ak @HFiRS vhich

(GU). The GJ may incorporate charts, graphs, or
pavstheiersdmtdtabe amlized, muisvesche datbineten datsyfizine thel@@piled data 124,

PR Rl el e i BF S S e o O ggictons. Tn
aofifer WiBo3i8Rnt, }ﬁ@sté&%@éﬂtaﬁalpggé’ n%x%?ns&@ﬁ)%ﬂ Bind Tear{lﬁw&sﬁo gram

to a request fromthese e on d reg
ingoiotidod ectchizdion, thoprocessoekiPa$@. 1o an al arm condi ti on,
such as when a nonitored val ue crosses a predetermn ned

t hr eshol drhd MiathemAticut BEEpltetidrR mheyHet dx@Qlted B eSré&Rsor 110, or

may assign the schedule and priority of outputs. The
ompthathecup® cersyr, ahelpasssdipitpd signalgroeegsaaf BSR) bir othat eornpising

IGRPRReMRYF §hioe e tht v e 1283 p 5P Ehfen Fi ¥ptinec

calculator 445, in this example. After the compiled data has been analyzed, parameters

that exhibit high correlation factors with one or more of the performance metrics may be

marked for reporting, corrective action, or other further scrutiny.

Further scrutiny is one example of an outcome that may result in response
to the output of the system 100. As a further example, if the analysis yields as a result

that performance is uncorrelated to any of the measured parameters, then a system
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(FIG 1), may include interfaces, drives, and control

el emrents that may be coupled to control the operation
wW@R006/081368¢ nore devices in the RFID system orPCTUS1965/029148

envi ronnent that may affect RFID system perfornmance.

The outputs of the controller 460 may control the

operation of auxiliary equiphent 470, and may control

the spin table 470. In _addition, the control]ler 460
opgigtop ey daistra@e: for expnnle)|thal sersorsshonld meniigs dfferent parameters.

Tﬁ?Eﬂuﬂﬂl @%m? § ‘8*;%P%ﬁ%ﬁsaé?%%t@@ﬁofeﬁ’?ﬁoﬁﬁﬁeﬁ%g{ it
i.e. j i i 12. T

Cont o s ShEnou iy e RBPh e 2450 By s e adiipiay 452
suftB vk ﬁg)fintgg,ud“rrbnaédig’;g&%enﬁﬂﬁﬂﬁétefh%hin%dé’5 %F‘Jghicﬁﬂ&k%f ﬁft&katce

contr vi ces and “equi prent . e auxi ry equi pnen
(QUY). dbetGlal meyinbyrporee cloantsy giaples; od 6thendata ion vhluekemofhitored by the

exanpl e, , dock doors, heating, cooling or humdity
sy@m% f MIQIRCT R 9 gt TeRrt Shneralopmay b ﬂaﬁaéﬂ;éqw%&he
W C | r :
e o R e FPREE ol Herated i response
td abiqoat Gos thesedilandray ntahagulmdyt schydidedsbasisboi inaBspoaRd ®ran
k -
alglglgirzqa;{dgép;b ? o %g@;raﬁgéni@%e ohéf crgqosggg B%rdggeg@n djngfl threshold limit.
AR gl B3 et Y TROGE, TR iy DS pfhs. The
mbaiilk U5 $ tnay By akdigh padetytadd bfbtrdte thel dobimade t@thercoh@oller 460.
mai ntain certain keep-out zones, which should not be
ent er ed WRENEMRIOIENSS0, "vﬁﬁéi’l%ay AcIRBERRIE B ack o idi&Face 150
exanpl e, a di spenser my be Operated to di spense
(H6Gt 1) ey iorideanteohvesy diiveat and cootrok elrhends thias tmap de cotpled to
separation so that readers.readjng._itens on the )
Y i fperation 06 98e Py QTS AViFes iy the BEID SHREFIPy 0T, 1B ARe enygenment
iy 2 RED SR R0 ThL BEMB T (A CaPRNLE By contro
thie loperatjbu uf awrdlisan equipegaitaliD candews] confroRfk Bpinrtaldlk 4fig. In addition,
per f o&‘{%nce. The controller 460 may. al so be configured . .
the GoptEakes AG0 1% bs pdaried theqgtrol mn%?ﬁy the feagdeis 127y conirolling their
pfGIEAIAY bRl Rk Tin et i Bhe (LT By B olflgho timing
(ieoinakipRingf of biserstiinoftrediless, 12 MEheuomtrels sitnalsah@t beogsmitted to
and the speed of rotation. In another exanple, an .
progtaanmRl drvicen Sughambleds, cempuiees; oF elder pdustrialpoatol devices and
g ole) I]imgélltoni ng system near the spin table. A notor drive
y b€ configured to control the vertical position of
the antenna in._response to_contr omrands fromthe .
REI D Syst i Akliork ergene 470 ol ST Comalihabs may include,
ol o _ _ . \
R e S L R R
vdrmgs eqdipmentribatangeimpabieR FID system performance. In one embodiment, the

auxiliary equipment may include indicators or displays that notify distribution center
operators about current keep-out zones around individual readers. For example, if a
particular reader is exhibiting a low performance margin, then a display, such as on a
positioning system on-board a forklift, may indicate to the forklift operator to maintain

certain keep-out zones, which should not be entered whenever that reader is operating.

As another example, a dispenser may be operated to dispense articles onto
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vertical position of the antenna may be changed to
maxi m ze the reading effectiveness for tags in the

W@ 0b©8135he system 100 nay nonitor which traj BCT/081085029148
of vertical position and rotation exhibit the best
performance for different pallets. For exanple, sone
dry goods pallets may be re#d faster than pallets that
contain significant fluid and/or metal content. Based

a gAY EE asonaelied oasatlesd readeriaeding tems prethe

810
i | i Xk L7681 1 :

oo s P iete PRRRL bt P BB it TREL MRS, Likewise,
the aéfirdlirRl &b mhy péntrdl fige St RMsHERY tRyhiete ALHALhetrdukhput at an

tune spin tabl e operating paraneters, such as spin
aceentalde loyelrqfiRddD t%@grmfgﬁw@ﬂ- trajectory, antenna

power settings, and antenna nultipl exi ng sequences. |If

mul ti pl e TeadatsllardsOpnavalstebl ¢amfigered to agsmand theeopepition of

tabl e t hen t he tgont roll er 460 may configure, for

75
the SRifsde 41heechistigeio the 1ouiitolihe BRAUEENERLHAYSSe idiegontrol
ookl R SPMERGE ol ol 00 BHSL G, LS rmion,

angltthe gskedl Bf tdtiticar i es according to pallet type. These
l'ibraries may be recall ed as needed to achi eve maxi num

per f or mangenBAsLekPib10 a8 hhiRHS RRAbY BloinRAdo h&SHIchBy bfnted
the particular pallet configuration, tag and reader

posivhingsysteinaasr, thespin patdel us tngotpnditiveempsabd exmfignfedrtombitoel the
Anal ysi.s and, Correct.ive Action The RFID perfor
R DR GPISyS RFTROD T PR P50 GpEY S BERSR GORHGE RHID system
1B B REY] EBbRs $HOMer &Hﬁ?}?&mﬁh@ﬁéy Rfrefaldd toThe spin
I [ ary nmethod of

Additional details for an exe
conpeargbi Ag thdwpirstableirstatasal padlatalvitls b sumbep ofdaghd Coransancesthe
described in the flowhart of FIG 6..The flowhart. in )
vephical PesIdAn ik ARteHagER ?haﬂée@gtrawws?@reﬁ%ﬂ%ﬁ ectiveness for
ta Qfli BB}, the data collector 430 may collect the
ata received by the system 100. The data is conpiled

into data.sets t may be associ ated with. tine .-

|t or mat B et oy et S, FCctoits o et position and
roft A le’BibP @I_icf &%ﬁ?éi‘ﬁﬁmhﬁk%‘ fof §iﬂ%fen’t5§§16tsEM eﬁﬁhﬁl@! §oRECEy goods

i ndex may include performance netrics for a

pafiets deyderreabfistautibe palldts thabeindais sigaifident faiblandégr metal content.

include information for e reader, such as tinme to
BB D G B TR R ased G or ot i bt el 6Ol Gprmmands
mBEEd YPRBNELMiAER KB RefRARAR ARG BleY #ukt@bSnore, for each
paraneters to identify potential causes of sub-optinal
pafletr tiype, HansystenA00mnky bbepatated to bmed spin tgble apantigEparhineters, such
with reference to FIG 6, .the system 100 may perform
asgﬁmgﬁfgw@r%cag@ntm TR LA BIHOTH ARGFII@POYSF SFHERESy angygenna

mB¥RxiAg StehldsC #Ynuitiple readers are provided to read tags on the spin table
475, then the controller 460 may configure, for example, the number of read attempts,
power levels, and the sequence at which the readers are multiplexed. These configuration
parameters may be customized and stored in libraries according to pallet type. These
libraries may be recalled as needed to achieve maximum performance based on previous
analysis and results for the particular pallet configuration, tag and reader configurations,

and products in the pallet.
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i npact on the RFID system performance. In an

al ternative enbodi nent, a human operator may perform
waove/0ar3sal | of the anal ysis. Based on the anaP@BUS2005/029148

the system 100 may sel ect paraneters for corrective

action and place the sel ected paraneters on a

mtigation list at 535. The?system 100 may then

prioritize and schedule corrective action at 540 by

usi ng, in one lafMiaities dnalysicargt Geidestee/Astionr i ti zer

nodul e 455. The system 100 may then apply the

correcti v’éheaRFI[bperﬁnnﬁAEﬁ mdhieoringrsygetn MO eyt becopermgd bng the

e DO B R d DR TP PRARL AL FICh SIS TL Spteo8 78 Figplary

mftﬁo&’ BE é’ér%ga&e n‘ESt icQl ardfysis |eﬁ§1ﬁ9 2hO R tF@r??é%@:ﬁlg%d"ﬂl tRBfbwehart

ative e I ment’s, t or al e steps
ofF30- 555 may be perforned by hurran operators. Although
the system 100 may identify sonme RFID performance

probl ens Bid Rswdehafteh &G VRbtirts Wahlcolebting da@fat SaPIESne
have been col |l ected, sone of the correspondi ng

endmdiraertt; the datatcoBentoA0), m&5Elieetthh dete recaneiddtyithesyptdnoh@). The

[ f . F I h t,0 th 550
i PRI LT F1iAG D LAt BY BE NG Pl e L igf geatcpat 2. In
thfs ISP ni!h@ Qydt AR cRdfk PEMbOnALE indiRERYS2S. OBachRRHbIMAHRE index
type or |l ocation of readers, or changing thé routes

maf lprslod@ pcrfcﬁrmame mhtmﬁl @1{ atmedaﬂwmumedbmmh@n oﬁpm;mus refads, and may

mﬁa?%gq?@ AT Qb en et Sk g FF g TR U SR SRS BRAGO%.

D RO tﬁﬁgﬁf‘g‘?‘%@éﬁy %8@%“#5?%%%%%%? V*%‘S%a?%%‘? Pétfmetersto

idéntiy)peteatysl causes vbsub-qftintah perf@adacs and/ or t he
m ddl eware server 30, and the |ike. Oher changes may

i ncl ude cRaRal ROddsBighbedrih @rafd: idefiil WithleREEHFB M6 FIG. 6, the system
procedures by which tags are attached to itens.

Ioprrm}{m fopmciaghisggs atpiHde Mstrrmingopitiehparamefgrs may have a significant

bj
a5 10E RO R0 i I g PR € ERE b buman
Rl bOMAPAGEmIoRd Aalllof tRNAAGES. BAsidish 88 \éhﬂgmmqg sy8&m 100

may involve reducing tenperature or hunid
mapateleat paagictarofon domessitte netiorf and pacarthe s;elecwbpawnetngm a

nqtlg%téanﬁéﬁg l@“el %bﬁg m}ﬁgs(;;tp%&ip heﬁp tﬂ%}ihﬁ%ﬁf rﬁﬁ‘g Btk@%ufehc%trregﬁve action
at l@g@ 'bg g%#%g’% onB e&BSdﬁféWe%ch&ﬁ@éﬂ;ﬂﬁrﬁ@&%n@d?ﬂé 85, hﬂﬂet system

be provided to control the variation of

100engyethat aplﬁy thecbomentiivai dcyiompoinfd Theawberestivd actian atdyde
. exanpl e, ck doors be confi ed to better shjeld
iRy 195 G A1 100 RELSTHEE. L o e B Smvisgregent i

I 0 d
w]tﬁﬁlé {H‘éllﬁiﬁ e?n 63@69(1?{_ f;‘éo%%ts oS (2::‘% Gfgbérirﬁaé'cﬁ%%o A
alﬁen‘qatmrainb@cﬂnnmn,rmm dslfallaxf nhe s:tblbﬂ3 04875 may bs par faimad by human

corrective actions that nmay be automated using

OPFEEBack control nethods

Although the system 100 may identify some RFID performance problems
after a relatively small number of samples have been collected, some of the corresponding
corrective actions 550, 555 may have a relatively long time frame. For example, changes
to the system 550 may involve repairing or replacing readers or tags, or redesigning the

system to add, remove, or modify the type or location of readers, or changing the routes of
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or that may be inplenented in a relatively short tine
frame. Sone exanples of elenents that nay be
waeowb0di3sed by feedback net hods include: dock PODDIS2005/029148
fans; spin table (speed, nunber of rotations); reader
mul ti pl exi ng; and, reader power |evels. The functions
of the steps 525-535 of the2trethod of FIG 5 will next
be described with additional detail in the exenpl arﬁ
prededtdlpwstbiongh therdigtribgionmsateneionhextnims o arae chasge toghe system

ts of paraneters stor LN the c Il ed. dat abase 1.0
ST o HP TR Fa ool reb o TR faupityh 5518 tiimges to
the ¥t @h MY Gvolvel 1k hhieBnaMdsian LR @it TR ia%d)r ¢ REG&Sopiding

were created in step 520, the ﬁgsten1 00 may seiect a
fremeneyt, softwagrof s reagrs andéerdh¢ siiddlerarevenvend(,end she 1620 Other

Next, the system 100 calculates at 615 a covariange ,of
CHBRE S e G S PR T A 0P O R BT PO R Tgch togs are
attRhéd © itefnst MeoBRK %@&u@gﬁg,epm&%e%@, Sohteat, ahfBakYBARsR A0Q1l subject

created at step 525. The system 100 t hen determ nes
totitpproxgmieatbin|resppngsf totthe asdissotf ¢l RBH A sxstaan patforéR0ce. For

exanple, the variability nay be neasured as the

peak-t o- pg@aklavigydhahgesno e dnRorgade SH6 thagdiiviied Rduser

a period of time. At 625, the system 100 conputes the
tepppratdre of hemidiy yariatiass arousd ressletsp K fespmpls c Sudh ehdngesygay

i Bk P BB p e B MR a Pl Ml s

mByBe cdiftrdllBi S Ire¥@@dathple, BEolmY FarRMnd QP hefMRapLSay beprovided to
corrgut ed i npact for each perfornmance netric to a
CqQutI®

fhemniniietiol tmpsiabirel aud haaidity sfound seadaisade anafher example,

{ th t det ' { hol.d h .
SRR b BT KPS iy 5P g
ENI sb@atd, @i dsSfolidé cé Gomthin®iati®tkOsystes! dirpldiRs, MBS likeS

| ess than or equal to the predeterm ned threshold,
h h 1 . .
rommi n T o L0 Rty KeALER 2365 By ERORCBSRTELE the controlle

460ei8irovil© chigectiva hetidng that iz e abionsysd wvinglRedisek eciitgol methods
t he next set of paraneters for evaluation at 650, and
onthet regsabamnlaretd npaelately grorphma famsr SomegraEPlsa ekelements

' d e J1E
L

mti

- ndddbek BErdtAMARY; réalet HuRiphatingt alil PeadeNnpOne levenpdi ment ,

the schedul er/prioritizer nodule 455 may rank the

i npact s a’f‘ﬂ%ﬁﬁﬂi&{& drlag Jﬂée;gfs%Isstdf@ﬁé f¥thb @ of bg@.es will next be

paramet ers having the greatest inpacts on performance.

desbrébedepitt 4ddisorat détait in456 exemyplady spitland dowatih@iGi Ge
report the highest priority parameters. The controller
460 nay tekeneMbl §SHolws tRfhg QS of PrrddeteRPorkl @5@e compiled

paraneters having the highest |evels of inpact on
dypa@resotondemdy parameters that may have an impact on performance. Starting with
the compiled datasets that were created in step 520, the system 100 may select a set of one
or more parameter(s) for evaluation at 610. Next, the system 100 calculates at 615 a
covariance of the set of selected parameters and each performance metric in the
performance indices that the system 100 created at step 525. The system 100 then
determines the variability of the selected parameter at 620. For example, the variability

may be measured as the peak-to-peak variation of the selected parameter over a period of

time. At 625, the system 100 computes the impact of each parameter on each
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However, sone paraneters may be hi ghly observabl e but

not inexpensively controlled. For exanple, humdity
woreyelog13snexpensi ve to nmeasure but expensive tPBCT/UR1008029148

directly. Humdity sensitivity is primarily caused by

the variations in cardboard packagi ng noi sture content

changing its radio frequency’ properties. As an

alternative to directly controlling humdity to which
PesfRanGeTgetris by aplidpiping theecoyarianice compyted it ¢ Enwith $hq wariability of

t 'ggﬁ . hum ity may be reduced by changes

ﬂ%%ggtgﬁgggéeya er![”él“etsC 'g'ﬁ'.eg%sgiaot'further exanple, it may be

det erm ne hat th umdity | s degradi ng the signal
by_changiﬁﬂkpﬁgm@ﬂgrg@ﬁ@&?@ﬁpb§°%?gfﬁgmﬁ%HHW€F§nE@djbfemﬁ
pitindBettiB 4 a gf&%e&trﬁrﬁl%a %esh%%‘(fﬁr@;bn 9f Yo iﬁggcrt Y Hedrer than the
may eval uate the feasibility of package changes,~or
patiiétteminert thagsholdcthien dhressystfent Hgsadtintitetselepted gharingetertto a proposed
I rrpr,ov]e RFIP perforpance under hi %2 um dity
AR I 5 O+ ot ERk ¢4 OF Hithelinagtes ket RS ieaual 63 fsnse

i ' r t r N :

D e 1P 5 Pl 0 B e Bt b o
beontmtedtad45.0 a 25% i npact (decrease) in perfornmance
margin for that reader, the controller 460 may

i ncrease frhgrt padflctdROWRail MR evhRae@MIeR Bt SstbRY 100NRlects the
decreased performance margin. Furthernore, if such an
ngxh et @ perameterhior syateatidnent 650 oditheevatuatide of thay seted phtameters

in i,nterfere i.th_a nearb e , the controller
béﬁ%ﬁlbﬁ%ata oqgtg‘ﬁl\ém‘fl?eaiﬂ?'? RTRECSP é’é‘if@?gggo mul tiplex, i.e.

stay silent while the other reader is operating. )
Al t hough Th Bropesedmaitigation list may he sertek feycaamplehby thetimpact

t ' .he REl D : | be.
AR R 5 14 P o o g eRE P PBP6 fe B Bl IR i ran the
intabte andrbdsicghihé Bighedd lpeisritiey these W@@é‘fﬁﬁ%ﬁ@’éﬂé gréflest impacts on

schedul er/prioritizer nodule 455. In sone
peafopmprcst ilda separheenetiipid S0masy dispimpereothervizadrepont éha figlest

PR PRERE e Sk SERRIGA0 By RS roriaeF aaRnscy FgGeR hose
paRfrhéten haRg O MighQt jevsts bf ngRlctnssfERRA&@. N conditi ons.
For exanple, the energy costs associated with climte
trol , e ' . ¢
wni oh ReTD T EREY RS detShortls o RhiRY LR RIARELE T

ineapReadiventontAtiedr Bonelaynpld, hembhty eyl tRringdpedivd foZzBkasure but
nmodul e 455 nmay eval uate weighted rules to determne =
CXRRISEYS te spRieh ‘%&Féﬂhcﬁil@?@tﬁsénﬁ@ﬂ@gwf@ﬁ@ﬁCﬁu%ésh}’gﬂi@ Fgiations in

eI Sttt M BBRT el i RaR PR PR erss s an
alteheutiRHdYisscay eshtddlligd humidity to which packaging is exposed, the sensitivity

o

of readers (or other equipment) to humidity may be reduced by changes to the reader

design.

As a further example, it may be determined that the humidity is degrading
the signal by changing the characteristics of the products to which the tags are attached.
Accordingly, operators may evaluate the feasibility of package changes, or different
applications of tags to the products, to improve RFID performance under high humidity

conditions.

Potential corrective actions in response to high impact parameters may be
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stations (see FIG 2) at which tags may be tracked,
RFI D readers may al so serve as an array of RF sensors.

wO\b@a/081369 act i vel y readi ng tags, readers may bBCT/US2005/029148

configured to "listen" with their antennae as
recei vers of anbient RF energy. Information about the
recei ved RF anbi ent energy y be collected by the

RFI D, ﬁerf or mance, noni tori ng system 100. Operation of
fyrthgy Blugtraied nanptherexamplee AEloFstemperatyre gt # krader i fomelated to a

o s . >or ]
236 1Pt Frdose Pn Bt R Rl sty BE LSRN oy
inéidake the ré¥dehpediievarenesnpepitt @i thg dyredsedperfhienaRtd Margin.

systemincludes readers 715, 720, 725, and 730. The
Fuigheaores dipurls ag wereagruinghe pewerdeare! phdat adgantyetesult in

. ' l.e . a - 730 may..be .
LRSS S04 SR LT3 P80 S5 0o LA ofBences
nRAplQy i ¢ GtdydemeariiRrin@omer andtiobpdratity SAIRBugH thil thay reduce
peri ods when each reader is not actively reading ta?s
thrgughpahel gopdsiyihde the tewpnerebireis 1Ry, Ga &) terformancetievel may be

i st.ributi . 5 ially f [
Db N TR Bl BB RRRE ot “r ener oy oty
be a radi f%Ftrar]srri fter on-bgard a forklift or_carried

by a secuPthe) ngugatign riles gy Re prograrpged e the sshe@igyfpgioritizer

d . t.ivel
R S e torSE AR ohS, Mhduehift i e iRl iR G
sybteen pérfpralanct rleRginb inveases, gt doygt foaetites asso2dtedwlith @) available

W Il increase between pojnts A-B, peak between points
CIREIVE AGHORAPAY GHY bw%&@P@UGWCW&WS-UE@@WPﬂ% ghe energy
cSLEBRHE R DRSSl oAT50 LRAIFTs TR Brodyy o whih

RPIIS tiatldng achir#fdddeard dighlpineottas:. radcdtdingy she engt hs

of si ?na _recetved by each reader, the approxinate
sqhedule giprisizen maduler48o mar Vataate Heightadailes te detgymine which
trd Lation: Fromthis_.infopnatiqon, an _ approximte
oo USRS Riforedst Sl gl Prdnd) cpBPuRlBiNoa
This informati on may C iled with other
information as a pargz'ﬁpel?"%ﬁ%ﬁasn%ys%é correlated with
performance nmetrics to identify whether the RF source

may i mpackn addéiopdp it redneleRBID tepderri? i the RER sysiem 1 at

, spurce of . RE en out si de t.he
GREETHIOCR Fonfar AU YRR R £ W s oo m
arSBUS T Qhnsdts. WIROGYNt hitiviel)i 1Badids BigiBY¥adess Bebé 86Hifured to
transmtter on a vehicle, such as a forklift, a truck,
"listena wiith thejeandemmae pmregdivensiod ambisnsRE energpi Ifoxmationebout the

rerfeRE aRbRh Aelat b e By e RER b gty rborine
systeBN 100N O Sy BT reees 4N it ®f sensors is illustrated in FIG. 7.

In FIG. 7, a distribution center 705 includes an RFID system operated by a
central computer station 710 with an RFID performance monitoring system. The RFID
system includes readers 715, 720, 725, and 730. The reader 730 is configured to read tags
on pallets placed on a spin table 735.

Readers 715-730 may be configured to provide information about ambient
RF energy to the performance monitoring system during periods when each reader is not

actively reading tags.
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As in the previous exanple, the performance nonitoring

system 100 nmay nonitor the reader 725 to detect the
woe@sesise of RF energy in the frequency bands BPET/US2005/029148

interest to the RFID system By detecting the presence

of RF energy that, for exanple, peaks in signal

strength at the sane tine séhe performance netrics

di p, an operator ma}/ be able to determ ne that RP

ener gy evERt g cxmmplone seaas PART eneEHinsids beiseibutioricenter 705

t hen nve of the
b a ARy bR A S S 2 R e Sttt Tegperey may be
a Fdiedtranset el droBo @Y fHRIM Y ehele By h@edlrky gadrg. t he

effects of the disturbance. For exanple, if an RF

| d th
Lo 0 8 pOREAES e BB B 43 b vl

stpoige ad will wedkerat thegoat inmvesrey pdiet B.oC paidge. Thasighg strength
for thirty_ seconds when; ver t hat di sturbance shgnal IS

mﬂ@ﬂl&dt Rcreadary & thand (30 Wil ipetise beensen 9oy Add neak belsen points
%Inﬁlﬂjalf b lb 6@19 28 4pk ek flydhY Qf gxer s‘fgaugf ngth receivedbb each
ol TIsions. one exenpl a net ho cbgée nay &

re@daah@dbet nacmﬂedi iR venbihetahte in ghati Brom tedndRini paRitRBOUE each
the relative signal strengths received by one or nore

repdtgepkthg pelptivesRicaghs ﬁ@ﬂ&&ﬁl recerysd by éa%revtﬂr,u t86 gpproximate
lo 8&? ?1t 6fq ?9 %{grnsgféﬁg% ttrﬁp blg E %%n%l%ﬁlaﬁxﬁgﬂo%i tﬂ[ﬂ] m?ormatlon an

aﬂpi&}ﬁhﬁter@&h beer gy fof t]ﬁrmz ﬁﬂlr@é’mhy'rlkd: Ageain&E: TS iFSnia®ion may
various known | ocations and recording the rel ative

bas¢agmpiled stitheptherisformatégn/asch mam@taﬁéaﬁémiah be h@-rcslgtgd arith
oo AL GEAbRR b R a2l Bl B i or e

Rpﬂpsﬁﬁﬁﬁtlve recei ved si gnal strengths of the RF
em ssion to the characterization map. | n another
embodi meng,, néoéla%o&&‘%{ ee ce%? n@fl‘?g%'ts‘?& 1B¥isBSbution
used, in conbination er inf t

cetledr Gnﬁmem/ﬁehfwmtiemF t Trhe: hcyumef of Rl endirgyifal this ea@beﬂnsy be the
have drifted since the characterization map

ragdiOENSBIEEET onaichictee pychape |aéﬁrkrhﬁp§ tr&élesé]r@pr@éw%.@ar In addition to
sugh frrgo%ﬁlg Q(Bur{:ésnggncg?%a% Isé?y (;?/e?rg?%ee%eltg& th elﬂ&h&é/ for example,

SEens ["ével

RE h&m%, Qlet#Rrh@t0rsiRY dadves) 11gnt¢ﬂg@etenm ¢l tas hﬁf sour ce
of known power |evel and at known | ocations to

det er m neA@BS@L W&IRERRAhpI! Y phAb Bl HdRiGRQHL 100
readers. By cha?saesrt1 erizin sengllt I1VI ty of 1one OIystem ey
mosifwtehs reatlen/ASi to uistektiderpr¢sent ofdﬁ"semgmncﬂhd frequency bands of
di stributi n center, for exanple, E%Enance rel at ed

infepgsbFp eI DAUBET (el Rt E R presencs ObRERnFIg i, Trngrample,
e?ﬁ al §r Gfe §a|ﬁ?e tﬁﬂ@kéﬂh& g&korfﬂaﬁw r%%tg@?ﬁ@ 0 gperator may
rom-t t . i ng

e pertornmance nonitoring system
beRéAgier detdreniddthat RF efegylevent(s) may be causing the disturbance, and then

proceed to investigate the source of the RF energy. If the source of the EMI can be

identified, then a solution may be developed to mitigate the effects of the disturbance.
For example, if an RF welder that operates five times per hour on first shift were to cause
tags to be missed, then a potential corrective action may be to pause reading for thirty
seconds whenever that disturbance signal is detected. Alternatively, power levels may be

increased and multiplexing adjusted to avoid reader collisions.
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Not only can RFID readers be operated as a passive
array of sensors for collecting infornmation about

w@rdnems3sSRF ener gy, each RFID reader may be acP¢Tmeb3005/029148

operated in a way that allows the perfornmance

nmoni toring system 100 to collect information about

ot her readers in the RFID s¥stem 10. Such operation

may enable the system 100 to identify reader-rel ated

per f or manbeonsrezbinplary, method. dpsatase mpe be oreatedde inohaleds .

One, particul.ar probl em.i ncl udes nearby readers )
CHRRE LSRR o BTEHO B AR Bt G, et Teekivec) tsgpg, or more
1e8@rd bR MhonitMinEXERPLSr¥e BEFRBHs fRhtiARAFSrdNG RIERASESRm. For

to nonitor each other is shown in the flowhart of

expingle, &1 a disribatieomyentdr, rededive readamsenbitivitislssiels oay dbe wharhsterized by
el ati changes .in power. and sensitivity |evels of
tafigg dRF oIS YREP e RPSTUnraiony A tssrdingfbe sl sienal strengths
reB¢iéd By Whidks H@S ¥Rb &M TR0 BBl @& IANEn RIGBRUBH rxﬁjag'rlét@ﬁb@used to
period in which other readers are inactive at 810. The
hedeloeste dise scemcterf anR B pwissivety tanparingshe tel@iveircdesmtedfsignaly
RF si | (i.e.,.chirp).at 815, which may conprise a
stsaea PP R b ehishat Fo e h@ry STkt e e render
Then, at 820, themger_for mance nonitoring system 100 .
may r ecei \neanoffes empedizrnia s hatagierigatipaniosmaierymay b¢ used, in

the "chir.p" recerved.by,.each r.eader,,that .i.s.|isteninog,
oo O kBT Bl Efe G eRER Sfkrbe iRy LLEY
rea@ds BleRrficd®ct thel dharactediBSBnt thif @ ad €8@RJpedl S Characterization

transmtting power in a valid range at 825. Next, the

mepsrisivelioped ateditferent] tiratsanaynalsar lecoetanpared o idénsifk eltanges ®3eader
to.d teregi ne if any of the readers received an
Seﬁﬂfé‘filg'e]ﬂ[ Ul'y high or |ow signal strength val ue.

Continuing with the praocedure, the performnce
noni t or | nﬁem chamctgratioy mey algo @W&fﬁ Usipe an Ribyqueseefdaewn

r i p

pei SRl LN R Aot 1o M E Dol SR e about

reddr € OB ¢ charhdieriify §cpkinmbe ef sierirtradre Rehdepssdt @midmyknown locations
det erm ne whet her one reader nay inadvertently read

arpagkthe Qistrifartion senten Aw epmplenperitBuRce-telpded infaggmatign gbout the

the. . ur i;nterferen Level s, t erfor . .
s R AL CpbBifn B SR o bk By BFL LT Pifined fom the
peﬁrfoﬁinélﬂ‘)e AR oBihg kieerRQuer | evel s of individual readers

at 840. The RPID performance nonitoring system or an

operator, Ny CONgLLRigIIE ) MoSiihRRbdE eaders to

operate in a nmultip e so that they do not

attenpt t ead ta t the,sanme tine. |In.additi

pover | evRPbSRR TR bl o5 8Pl e o T ) o for
cof8SMBERFOHBAERT ShouPimbiBR TERERE Y, @adHRFIY feaB& thef PR Rely

If readers remain to be checked at 845, then another
ofieraded ineewepthdtallaves the performance monitoring system 100 to collect

information about other readers in the RFID system 10. Such operation may enable the
system 100 to identify reader-related performance problems, or to detect performance
trends. One particular problem includes nearby readers interfering with each other, which
is called "reader collision." An exemplary method for operating readers to monitor each

other is shown in the flowchart of FIG. 8.

An array of readers may be used to identify relative changes in power and

sensitivity levels of readers in the RFID system as follows. The method starts with the
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sel ected back at 810. If no readers remain to be
checked, then the procedure ends 850. The procedure

woreyelog13sepeat ed as readers experience suffi ci BOI/US2005/029148

intervals of inactivity to check at |east one of the
readers. This schene may be used to generate a "reader
collision map." A reader coPLision map may include for
each reader.  a list of the reader .identification

SYRT Y& sehvrdng irgrater SviingnyPHipdih whicheqthargreadesnatstinastive at 810.

el . I S - di pensi onal

T B3 sl 5 A AR a8 R R PR 515
whirhaeiyusimprisadeeridiubinbed @t vigquelhdertt#ad e 1e8ddri Thew at 820, the

map may al so be used as an anal ytical tool to identify
PEIfEEN P RIHPBItQTET systemold) mayaiecetes infrsmetion abaut ghef signal strength of

d 1S ects. [ 18X I e .

et Hee A0y B RS el HERRE B Ap et prdtgrical
valtesathehyste@al00detemirep iftiBe BRShifing fehdet RARNSEHBRNSow& in a

reduce the RF_ coupling between interfering readers.
vetigrangeat . Aexhphesensitiugies oflistaning/reeders pleskpekgdmn§3hto

AR e R B3k RE G Rertl Ve Bolast Snalreteln

vélfie.each reader provides additional information that
may be correlated with RFID performance netrics to

identify haNEs j c AS.
ment i oned@g'gove %&ﬁ HE@rgéégﬁ%éﬁ%ﬁ%ﬁg&%ﬁlﬁ %%@Tg S%sftem 100
miy (henZhedkhfer feerirtnoes bytwetn sadérs angh 5/ ivthieadbytaagighbyr Rader may
det erm ned according to a nethod described in the o
bg nesREKeLY 9ff%ﬂ¢e9§mhe anterfaring pgnab MerRo Ve slte IREfopmenggymertitoring
- i on,: - hay
REH] SHeint Bhelher e 2RIR 00 in ARG AR PRy 8 Fead zone of
a deightior beidenn curve, infornati on about the
sensitivities of individual tags may enable the RFID
system t OBasRI&HSthP ’le Wﬁﬁ?fe{)&kﬂe@g}s} Rk gEfT@thﬁa‘ﬂEe Mhforing
accurately. For exanple, the bel ow average sensitivity
sysfenamay adjistitbesiulttpbayings(y e.heinmg) andwpihaipower levels of individual
per f or man rg@ﬁd ata that shows bel ow aver a%e .
fea@?f? afr%qgﬁw PHEUHARGTHORNPETS SHYCTR R FRSFEPY mayLonstrain
: . r
o R R g R Ry 81 2 ilpicRpa R O BRI olnor it o read
tap§ atRh€sarfs tinb.e Ipaddigas pofvernieaduman e dagesed sé tdduté tnterference
begi ns by sel ecting an individual tag for testing at
by pen rpRders, £5 nilcéeaéé%fq HIRY Resfopmanseve a predet er ni ned

signal strength fromthe reader at 920. The
conf i gur alfireatersafemam tgdaehedkey at 945, hleenREAotiey mattiwaeeder is

t t.he ta al .t ho tag orientation.wth respect to
sefieciigeh 281h IE&?? £SGFIRIRO Pe GRRSKEd. ARFrLh RTeRe g pds 850
i . H 1 t ] N
B LR Sl At AL PR TSRy

chetk afrlgash on¢ nf themeadats, however, the predeterni ned
signal strength may correspond, for exanple, to the

This scheme may be used to generate a "reader collision map." A reader

collision map may include for each reader a list of the reader identification numbers and
signal strengths it received from other readers. As such, this may comprise a
two-dimensional reader collision map that can be updated in real time to adjust reader
multiplexing. The reader collision map may also be used as an analytical tool to identify

undesirable reflections that may be occurring from walls or other objects. For example,
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- 1s configyprdoipiraepivehepiedetarting

RF energy received by a particular tag in a particul ar

| ocation and orientation relative to a particular
w0 e@dms13eper ati ng at a particul ar power | evel . PCTIUSIVE5/029148

enbodi nent, the predeterm ned signal strength is

achi eved by placing the tag at a known position and

orientation relative to a réader being operated at a

known power |evel. The reader attenpts to read the tag
thetwogtimensfonghigade goilisiongpap Bucbeawriaydd ome physisal siteanap to

[ I t ' . g 2duc at

i SR s S POLETR, KE o sk Bk SR G Por
aridfier ReMNFlOWeaddr elnethg/adult BEXinghaty Bxalipt&l tot doatrdl fhadi G lisions.

bet ween the tag and reader nmay be increased, the

orientation of the t . or thereader
S’%ﬁtﬁ?ﬁ?ﬂ?m%n

power |evel nay be reduce rements. The

i ncr enent ' i thnic other .

rel ati ons%ﬁé@%gqa%%ng@g{q ﬁllédjlg%géirrle i def\?gh %‘?PH%&’&BPS%%/.
additichabibRemagebadt ﬁﬁﬂ be cbi€latad Grithl REIDr gibirah@yméics to identify

determ ned usi ng other nethods. For exanple, the

paspgeiars thatrimngdipeHproBTendy niratienadabove mitheaseahcoto the station
2RSSk Sl G TR B A g 0 B ST o

eta VI

méthbade@yibedi thoNety¥Rart HOFIEDAMR tBe eRBORRCRENA A8 b a particular
such as those well known to those skilled in the art

lobﬁoc_lg:@ﬁ?rgipg; angrsgdemmanbave Emsngxtmqﬂleé rangsiingalae according to a
¥ EhHEH S inthe i e BF SeiiieRRa) FhotRialies aey portde the
RFED $R88nbef We&s Pgﬁbﬁl?hnka@d&e@ tftiehayigh Urk §cé|&?éa%t¥919.t Eigr example,

lie.” For exanple, if the read is successfu
thh bElowpoweeagelsensdtivitytdfen indiedypd vegr mayshale ty exgdal perdormance-

el 5 M AR g e By oo wdh o) s andyhercy

he 886kcé & , : §s increased to
; Egl f%yf%ﬁgﬁ&?%ﬁngl?@gg\?\gnglgsg%ﬂﬁgﬁ% t he upper

end- poi nty. (i na initiall e Xj,Tum powe
of 1 ho r oaghi NSV RRLoHE: SR B B RE oS RSt
mEB0Ehd taﬁisbmﬂiﬁtybfegﬁlk 8 eeledinl \Wa el EnEkl B Pk tasethg 869t afhe tag
are wthin the desired degree of accuracy. In addition
gaglitaé ﬂtr@Igﬂs&gmdgs regider at 920. The

for. | at . b t itiyit . .
RGBTSR Foi 05 ECRR bR BRAERRRAL b anprgnaion
witiREEsBER 86 tHe\thdittioRYatken BE@E rde2 38RES QAP 8Rd ShEPHGEts that

In of individual readers with a greater degree of

mar
affgcteibie sidationgatieth grihatagtraayi affecicthe aetnall rgedivedodfignal strength. In

erformance-rel at ed inf.or Lon that is adj ed for
el BRI O Oyt TRR AL PR 5 GBSk Feble, o the
RF'Eﬁ&gi‘reQEiyéd‘gj{]é{ e RLaf £RIER PattRHlaPRooBRH A S¥bntaiB@Kelative to a

el enents in the systemidentified, and corrective
paatitulasmeaden kiparatig araepdradularnpeweolzedr In The embodiepht, dic
pr? rtgn%rine r:]s?g%amrre%lg& iggghi&%d%)}(f %Ea%%sée"cge Iargl? a\’é %rléngwlzjv?l pvc\g%igh and
orientation relative to a reader being operated at a known power level.
The reader attempts to read the tag at 930. If the tag is read successfully at

940, then the signal strength received by the tag is reduced at 950, and the reader again

attempts to read the tag at the new power level at 930. For example, the distance between

the tag and reader may be increased, the orientation of the tag may be changed, or the
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one aspect, performance margin in an RFID system nay

be considered to be a neasure of how nmuch the RF power
woreyelog13seduced before the perfornmance falls beCDWSZNG/029148

acceptable Il evel. For exanple, if an acceptable

performance level is set to require that all RFID tags

on a pallet nust be read suétessfully at |east 15

times for every 20 attenpts, then the performance

redderpav gy chiaae Rpredsensdn dnsremrats hBirrjactiements achyrbednger;
| evel .at_whi th ' I n thi
o e o Bt B S0 BRSO g

t hat ha{/e t he | eas ensitivity. determ ne the
odiEe ¥

per f or nan@eanr%ti‘e@ it Bb herigip! streveth way be Aetspained virg other
iy 20 i it
B0 LY Sl 0l 0505 55 R et
mqflerf¥zit B spachi strategycte deterotis. thé-tup sensitivityewithih@ range. The search
performance monitoring system 100 may anal yze ta

g
StERTEY AN DYV arier SrRwIe, paFaTeh Rufte-sueh at Gaserwel kaomn to those
. ot
S e o G P e S B R G TR BicfPl, eolden
seatiombeardh etho & ph featiigiovon diag Ak edjusdthalfhy be&RRBE end-point
rocedures should be taken to determne if the reader.
vahiess dstvresp aytychighe desited vl it knomyn todie digr skampledf thegeadis
[ r r.f n rai | ]
s isefilaic BApbi: 168 Bt BB ool W e R Rl Between e
hafvpiwiadevel Bet tbYowear \dndgpolrt Whih enaybReitiii deto zero). If the read
. mai ntaining high |evels of RFID system performance. In
is gatisuccessivl, gh?ﬂ’ tg@ PEWekyis degieased ta lna}%waﬁﬂvstrwmmtbmhalfwmwmyvel and

rrel i 1 h other..performnce-rel at ed .

o8 St ot b ok OB e PR R o). s
mEPHPidpestediitil thdéensifRity isafiMERE bett@ict eBiLpol YalRb@ht are within

tag information, for exanple, that may be stored in
the desiedtdgbres ©f agcuragyt h or wi t hout perf or mance-rel at ed

information, this tag information may be nonitored as

a qual i t yincdditioako iregeuing thdidentéficatign ef soarsk W$ perfomyance-

eveal an undesirable sensitivity rate associated with

related griqre thafag sepsitaaiyentopmptigngRay RIRtER Aerthes bergits. oFor example,
. t.a0- l-em. W .

oS00 AL PR G BB S Pl i o

grogeit ddgede. offppécigord NPAsed ofialshedisti¢d enaRisisid feslonitndd-elhted

. the system 100 may send a signal to the WVS 38 and/or .

infogmgtien that icpdiystad fonthe sensitiyyy peindividsial tags, ihe peréormance margin

.chasi r in the Fi A, _The .purchasi n kOup
o SO B b el o B et VS SR BB ane
cobfectivisattibsd AREObSfoledaifuredddear. rel ated departnments of

FirmA, such as accounting, may be apprai sed that

ability t j . .
Fosul 1 of Pt OF phifudbebEiohd iy BECK 6801 B Riol0 wBys. In
ore@sipat,tpecfotraancp heggia s amBY I gystdhn 01ag be chgsidangpio/be a measure of

chai n. wnstream cust oners may be
how mugh thE%F power may be reduced%eforg the performance falls below an

acceptable level. For example, if an acceptable performance level is set to require that all
RFID tags on a pallet must be read successfully at least 15 times for every 20 attempts,
then the performance margin may be expressed as the change in reader power level at
which that threshold is crossed. In this example, if all other parameters are equal, the tags
that have the least sensitivity determine the performance margin. Accordingly,

information about the sensitivity of individual tags provides an additional parameter that
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notified of the tag sensitivity issue, as well.
Furthernore, operators nmay be instructed to

wale@eosssnue use of such tags, or to add redunPEnUS1088629148

so that product tracking is not conprom sed.

Accordingly, determ nation of tag sensitivity and
monitoring tag sensitivity Ph correlation with other
paraneters that pay inpact RFID system performnce nay
3y b pardyzedte jleatitydbe sopcapidRBhperéoragReeatarye act i on

not available wi thout the tag sensitivity information.

As such, §engiatipld, the penfoomamteinmitveing bystets ¢ 0 diay eaillyse tag

t o..enhance. RFI D.system performance, and to enhance the
Se&é%%e%ff gihet H*Féfoa%%wgﬁﬁte&f%& m%%%uer@wa% fogder has a
prRdrRRAB n@in et RAdhdih9Bok R ORJQIetiIﬂQOTEg:?)%?C% ﬁ@aglay trigger an
exanpl es, perfornmance nitoring of systens

aleem pnyspentghstendicaesnthatsysihensnce peddedadss sduld bopker ko determine if
program products in enbodi nents other than the
K FCAHisT Beec et Ep s Eat I iakingaph eorresjive peliq brjorerle reader
pertar o1 g . . . oL
PASREMPRERIAMIERTEL Lo, ROORBL 2GRl U
therdbg sang time and proaéewhidmphciiog high l@RBOTRAID sygemRFl D
system performance. The various product configurations
PEHAMREy be | oaded on a case or a pallet may al so have

an inpact on perfornmance. Pallets nay be honbgeneous
(singl e ploaiiddion toprovidieg s¢nsivivéy tirfarmatioa tiatackydie)corrBlated with

o e sy BTl 53 G Bt ey e crebined
with @t ahnni Bt bl Srersdi ab D EtHeL RIS S &l e&é@grte} 1t 139 be

to the reader. In this regard, certain pro
storedfin therdataboses22raVWith er frathoubgdrfermandearslapddiafosmation, this tag
. Accor.dingly, the system collect informatio .
mﬁ%}?@@%r@y %8 mogitared 3 f qggﬁ%&ﬁ@?ﬁwlﬁ%w& Feg sxmqe analysis may
. ; . . . L
T B SOk e LA FRDRol RELSIE LS,
andénn fdesigm e othieo tag-rEleteppaaarsisnr Oddda pobteapaith eagdensitivity has
pr o(fes, ing instructions for _ execution within the

beshd{eDhfiabGOFAIE RetighbaY PRiken. Faeeignplce sikar tha BFTIA systom 10
orthE Hsberh ITE)? %%? ?esrera é)sﬁgtfa? I?J ’%hﬁ :\’Z%@g% D&y orecmﬁgi"pﬁﬁ%r ad O%ich may

processor processor.
bepreodesiior the prchasigagabp ¢ ik Rinose Sihepyrdhasihg peiupansy take

stored in the menory 120 or on a storage device. The
APPEQRIIAE stow tetchangs thhpiocwimesholynspiisiactory tagss tQtherishted

BB, B AR Rk 2p O BBV ST o conai
ordeRMEaY beedr degraded ay/Otaatik bel Is¥nsithit§ of YSueEt 6TBspahdif to

i nclude a storage device capabl e of providing nass
Pastiga geodusts mpwng thseegh the supniy chedr. i Bowngaou¢ustomess may be

notified of the tag sensitivity issue, as well. Furthermore, operators may be instructed to

b=t

discontinue use of such tags, or to add redundant tags so that product tracking is not

compromised.

Accordingly, determination of tag sensitivity and monitoring tag sensitivity
in correlation with other parameters that may impact RFID system performance may
provide eatly detection and enable corrective action not available without the tag
sensitivity information. As such, sensitivity information may be used directly to enhance

RFID system performance, and to enhance the accuracy of the analysis of
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the storage device may be a conputer-readabl e nmedi um

a floppy disk device, a hard di sk device, an optical
waele@k/ oy ce, or a tape device. The display 45PCTrH§2008029148

an i nput/output device that provides input/output

operations for the system 100. In enbodi nents, an

i nput / out put devi ce may incPude a keyboard and/ or

inting device, or. a display unit for displaying
P%?%ﬁ%%ﬁ%%‘tﬁ‘?ﬂ@@%aces. The invention can be
inmplenented in digital electronic circuitry, or in
conput er Hagddliianeto the abmnardsscribed exwmples, perfommance monitoring of

R 1 e OB P S

proab&s ieémbdtidbnt BiHeF Rk R exe/tlds WescrBed aboven @
machi ne-readabl e st orage device or in a propagated
1

signal, fer. ' r apmmbl racessor: and
et hod st bbb Rl RO RAIRE GR RCRESRSBlpt
comiiggranomsiikinpathet s shosysexetry bogbla tPpREIRMNseful information on
ipstructions to performfunctions of the invention by
prgisEed Prodpch A amgsmenty fer-R Bk sygteneparfarmgnen t Phetvaripheproduct
j i i Vi oysl.y in _one or
YRR LR OL69 P 0Ya0 ROl SRt
pepfongaiaseeiallets $y65tbe Moidgtnedud Girdle prodgét) 8P fixed (more than one
programmabl e processor coupled to receive data and
prpdiadt} utlhg emebingtiom of plgement; erignsation, miatesialanand the like, may affect
] | a gdata storage s em at |east. on
thp B3RP BRme Sead®, KPS0 P RS 3 Shedise 4R ol e tag 1o
the edilert. €l thE Qegaad)ceftaia ph&iucPEorpatdiias frﬁ??eﬂf&% b&RR 1R others.
used, directly or indirectly, in a conputer to perform
Aggopdipglyj the systenyimay collech inifergnatibo mecessare ta mike susbual detervination.
conputer programcan be witten in any form of
pr ogr anmi Hige REMYpagemahcchooitorggeestoml 18d nidy be implemented as a
interpreted | anguages, and it can be deployed in any
COPPURT SYS{EmGRAL 581 A UsedSyiEhemindimenty phe dmveatioms The processor 110

: | ' . . runit itabl e
s PR oFTRRE S BYSLS B 5 HLE lt 1661 106
enfodiress ahs pfazessoh €1 ®xesitigldthrédded pRicegiof MiP4Another embodiment,

instructions include, by way of exanple, both general
theptpesyset il Hi ispupytigbreaded ppeessers sheproeassprilie isedpeble of

. : of . Lol ocessor,s _of .any kind of

PR 8 Blon PR T BB BRSSP Bt

i nstructigns and d%a from.a read- menory or

only a
random acc¥dEe stre %mamWétg%léh% syateny | ekt various
. f I. .
A i 8 S A P g
volatitet merbdiyp nsa amevelatile mddeorer Tht yystem engplsbancivdd 4 stalage

i ncl uo;g or be operatively coupled to comunjcate
device rapablecrIprovidipg messyoreed farghe sstane £20. by vasions prodiments,

[ : ' N [ i sks,. such .
thé Rbiheb Wb mhh Bla COMDERR A AR ARG Uildphy Hlsk Rviod Hithrd ais
devieg netoptiogitdiskadevide sdesi tapiideviget | cal di sks. St orage

devi ces
The display 452 may be an input/output device that provides input/output

-
~

operations for the system 100. In embodiments, an input/output device may include a

keyboard and/or pointing device, or a display unit for displaying graphical user interfaces.

The invention can be implemented in digital electronic circuitry, or in

computer hardware, firmware, software, or in combinations of them. Apparatus of the
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sui table for tangi bly enbodyi ng conputer program
i nstructions and data include all fornms of

woomweMaldat i | e nenory, including byway of exanpP@&I/Us2005/029148

sem conduct or nmenory devices, such as EPROM EEPROV
and flash nmenory devi ces; na%netic di sks such as
i nternal hard di sks and remd¥abl e di sks;
.gﬁgneto-ggtiﬁgl diéks; and CD- ROM and ,DVD- ROM di sks.
IMYHILOB AR 88 4B A CE Hie? FRIPRISF REasrapePtodsitenaibly eerbedied in an
- j i, _ I j an-speci fic - .
R et i Ry R oA B Sl BRRETL b plipogpsienal
foa exeetion bje progremtriable peaurssoe, dndphethBhiteslast the HOBRIINYan be
h ving a d%%ﬁla gevice such as a CRT (cathode ray
PR BY 2 PegS TPl reqes O SRecH D b AJET A A MSErUEEmS to perform
j [ Ik [ . a_keyboar d
s i 2 PR T S uagol ARt B Lol T 75
inwhitioh caihbe irsglementtad pdvautiageouslypnont or ioee ERARUESSropBAR that are
i nvention can be inplenented in a conputer system'that
e}ﬁeﬂéﬁ@a 88 aprogiemale syympArdding afesst aae progeanamalde pracessor
JNCl ude ' t. .such.as_ an.
ool 3ol A o SRS AT LA 03370 i Ttions o, o

datnstbiage systerh @dasesit inOITRIRNRE and 3y WAstdheDdubhut @BYice. A computer
conputer having a graphical user interface or an
PrPgRBY IR @setpidpgaictions thatpan be miedh direesly winditestly, ifla@omputer to

s - system can be conpeg¢ted by any form
P B P R 5 S B oo be
WS R ErhO6F A8 EMB N Eﬁgmgeeﬁ 18flins RBTNEL & it

net wor kz incl u%te, e. gg a LAN, g\ V&EI Hg?ﬁd t he Ripreted
langyagst sadit gabsdepieyed an fnyr formginclhding as e stant-alohe@rogram or as a
Cc r systemcan include clients.and servers., A
G b PR L e o Gl S sy PRI 5% Bk oBRHIng  per
engiéhrhotpl cal ly interact through a network, such as the
descri bed one. The relationship of client and server
ases by w.l: . runni_n n.th .
respecti V"Selﬁ %gl% 8%05%%@%6% ea%eglggogl%gla‘lpgﬂ‘? agg?fggsrtrucgons include,
byrvedyaifienmapliepbdth geaahl 20t kpgcial furposdaiicroproestod] ARIhs soib
the inventigon have been descri bed. Nevertheless, it -
Progepsor 196 ope @b Pt ipropResory oF PUlsndroBiFampen. dpenenally, dprocessor

Rg it hout | he spirit and f
TR L -

or pethacTleasshtibf cléhientS dLPsorBiutée 8ipssdede torl e INGURSructions
were perforned in a different sequence, if conponents

angl qne pemgrsEPHeEe By stosing ingbnesicns and detd. iGenerally, faf eongruter will
C or if the.co nts were repl.aced or

G of be bbb oo R BT G EL RodpTBt GRE of s i storage

de b &CBH SO 8ing ARGk, Nith VGOl thEliB) mABNEt L SlisRE 0K Feltdrihl hard

_hardware, software, or a
disks and removable disks; magneto-optical disks; and optical disks. Storage devices

suitable for tangibly embodying computer program instructions and data include all forms
of non-volatile memory, including by way of example semiconductor memory devices,
such as EPROM, EEPROM, and flash memory devices; magnetic disks such as internal
hard disks and removable disks; magneto-optical disks; and CD-ROM and DVD-ROM
disks. The processor and the memory can be supplemented by, or incorporated in, ASICs

(application-specific integrated circuits).

To provide for interaction with a user, the invention can be implemented
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conbi nation thereof. Accordingly, other enbodi nents
are within the scope of the followng clains.CL Al M

w®2Ms/08438€t hod of nonitoring an environment i NP@IUSIV0E029148

radio frequency identification (RPID) systemtracks

t he novenent of articles through a supply chain, each

article having attached thet®eto an RFID tag, the

met hod conprising: receiving first information that o
ocoepnpeeshaving asdisplay desiqestieh o ERT (gatheds wyy tnlg)ios LCD (liquid

fr enc RE i.gnal at .qne oqr e of apluralit f
crige NP abBipr B SBPley ik P blon T i B Sa P bppid'and o
PRI FRRH¥B Bhich MNEMBHIR drRQrdcREAl Byefhith fetusbinERIFBHHO hpliBio the

sent” fromone or nore detecting readers that were not
compuéarpt i ng to read any RFID tags while the RF signal

was being detected; and storing into a nenory device

val ues r ephiciaeaitiongaibt ensitmeatted Mtecdraaa et thatRidlites a

syst em performance, wherein each stored val ue is based
bagkrent gompersnysiclt ps s datp pirHeinar thehinchidespnatiddievrasel cemponent,
sugﬂl ﬁé ol gpéﬂifc&ﬁo rk%fve? g irﬁélﬂ%_ s'c:ltve?l D éﬁ{lqnc%.fldets gq'roshtt-%ﬁg gomponent,

val ues “éxcee i ng predeterm ne

S a correspon
suth bes bidnd SolpitenBaving £adprtdl@B@tintepetd @ 41 MeerRet browser, or any
corrective action. 3. The nethod of claim?2, wherein

compnagion pé tieny el icednanenewpf the sestemsenbe aepnsaieddy anpfasm or

at.tenpt.s.tp.read tags that re made while one.or_ nor
AR st SR el el & £eRafal Qi aedSn BliRirRes of
con@sdlot netwiks RiRRat, 18, HDEARY aPFAND ai® theadol§futdr 8nd networks
stored values fall bel ow a second predeterm ned
forrhing $heolngernet.  The met hod of claim 2, wherein the
corrective action conprises adjusting the power |evel
of one orThodenpreadestsm can inthde retiodndderedrai A cient and server
wherein the corrective action conprises selectin

) ] g _two
arg genghlly reRgtrsramicacthother gddypieallyapfernst threnghy ampebyork, such as the
A a i . ; , . t
ey e Rl PRSI LRs b R SELE SR BTNy} BB
prdgfanBeihioeg od thelradpititve cofiputirdaddiaviRrd ehi-ye@vaatiafdnship to
conglr i ses sending a predeterm ned signal for display
eaghOBeH| spl ay device. 7. The method of claim2, wherein
the corrective action conprises displaying a
t wo- di menAinomdkr ofsmtedincsmid ofthe mvastpntaye beanddstribed.

received. first information..8. The.nethod of claim],
Neyeehelpss. it il B gpdistpd Bt Biriqus ek iPERRTeD Ry Fpde wighout

de@?@@% reﬁ%ﬁfh'iee Cs?frit g Séagﬁ g ?)g .ﬂ{é%veﬂif)ﬁ n QBpeﬁﬁfp‘fé? ta&@an@ige@@scﬂ%sults

Ing re
may be achieved if the steps of the disclosed techniques were performed in a different

sequence, if components in the disclosed systems were combined in a different manner, or
if the components were replaced or supplemented by other components. The functions
and processes (including algorithms) may be performed in hardware, software, or a
combination thereof. Accordingly, other embodiments are within the scope of the

following claims.
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9. The method of claim1, further conprising |ocating
the source of the detected RF signal. 10. The net hod

wW@R006l031i380 9, wherein | ocating the source of thRCT/US2005/029148
detected RF signal conprises estimating the relative
position of the source of the detected RF signal based
on the relative strengths o the detected RF signal at
each reader and predeterm ned informati on about the
positions of each of theCdeAdd¥ithg readers. 11. The
met hod of claim 10, wherein estimating the relative

1. posi ti on Mincthte] onniteriog ah bevideheat mdviReh §rghi@frequiency
further based on a characterizatign

. th .
ideakifieaiond REFR) $3stPmnaRcks dhs1go pemet OBW’%Q §hrt@ﬁ§4 a synpbnehagn, each

et E AT e el BRI e ULy S8 U0rE e
envi r onmasteividg first Bforetibe thad todpasentidsigwdd et &ighh of a detected

estimating the relative position of the source of the
ra@@ﬁfr@atl@m%RF)smgwé pt ensrgsrnere s e pluralityof RFIP peaders (readers) that

a ' e | on. of .th [ feth d _RFE
GBI IRYE o 5B S SRS b B A e ffom

onk @ 8doré Weretl@igtehddigthhereR vt WHaBHIRODI rtADAS RFI® tgoWhile the
13. The nmethod of claim1, further conprising sending

RExsignphitian deing deigetedfandhe readers in the RFID systemto

transmt an.RF signal encoded with informatio hat .

| dent i 1 SO HRERPE TS S allguip g oYy o Bfiigronce
wif RFID ddterMPOITFSinintd) SvheRELEAAtdrbd $dlué BRSPS @B received first

further conprises information that identifies the

mformatgmi tti ng reader. 15. The nethod of claim 14,
further conprising if the strength of the RF signal

2.det ect ed Hie aet@odbf tlhie tdheldricogprisiag éf sy exe eéthe séored values
predeterm ned, threshol d, .t hen operating the detecting.

exgeedlsl @ CORRTPONARE DK edstamminefl My esholifeturing afeadeampt PP ORI 2

RELD t only at non-overlapping tinmes. 16. The
Cmr‘frg%tfegoa%%?n'cl aim 14, further conprising selecting two

or nore rgader (ilo | tjplex . based on.the stored. :
3.val ues, At BHBPADE M e EErE Biedricaiitseioioh oRpissepeating
) ) redal .
on%%r LR ﬁtg&g{%?fs tt%?egld?né%s%{h& Vméi‘@ RiaQY §/Hi18BRE Bmbld®Sthe g‘t%}ged values

he met erein storing the values for

exesedbd 8 raietaethired aitheshobd tipr iepesing themgpgrfarmuad after the stored values

epresenting the cunmul ative . |l evel of
fal{?ﬁq%‘f’faeﬁe% §§?§We@dﬁwlﬂ‘ﬁd{ he conbi ned effect of RF

signals that may be transmtted by one or nore of the
4.sel ect ed Fheadethed pf claipe?, athedein ther eoagctiagactign compriseamgjusting
hti rre..118. %[he nmet hod o({ claim1, further conprising
the RPELIPYG Of RE® Q18P 61 he
5. The method of claim 2, wherein the corrective action comprises selecting
two or more readers to multiplex based on the stored values, and operating the selected

readers to attempt to read RFID tags only at non-overlapping times

6. The method of claim 2, wherein the corrective action comprises sending a

predetermined signal for display on a display device.

7. The method of claim 2, wherein the corrective action comprises displaying

a two-dimensional reader collision map based on the received first information.

8. The method of claim 1, wherein the stored level of interference comprises
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nmet hod during operation of the RFID system 19. A
nmet hod of nonitoring an environnent in which a radio

wo e@guarsy i dentification (RFID) system tracksPCTes2005/029148
novenent of articles through a supply chain, each
article having attached thereto an RFID tag, the
met hod conprising: receiving first information that
conprises the signal strength of a detected radio

a meesyuenRny of the)RISsgd strenstihdrteded atorash of thg dstagting reagerss
RFI D readers (readers) that are |l ocated within the

9.envi r onneTihg mehed ef clainhé, foegbei coathrisingdbcating chengaiiicerofitlse
sent om one or nore detecting readers that were not

defget 782k 0 read any RFID tags while the RF signal
was being detected; storing into a menory device one

1Gr nore vBhe@sthpdpr eleion?, Weprein|lesating gfe sontesrof dheedntected RF

W th RFLD system perfornance, wherein each. store .
sidfef ety 1 T PR BT RTion PR 04ee 67 g blebted R signal
basdd SdHelteldiERiAShAbf theCRIdCRINANGERM aPBRIEadeP 8nd predetermined
detecting readers; and if any one of the stored val ues
infoxmateersabout themesiiondoimgcip pbthetdetastimetkatitrseshol d duri ng
a read attenpt, performng a corrective action. 20.
11The net hoThomethbabfitldith 10yheticedin eitheatmgrherddtive pasitib®bf the
conprises repeating one or nore attenpts to read tags

sopfsrel of thndetested RF sighdl isfustherbasad g g cha@sistizationiyeap, the

CarLe: ' ' t re tin
e U S e L R
sigglabswaircd dld Iﬂulﬁﬁf?’@iﬂ{p&:d@&@l@ﬁl@d bsitledseih Mha@tirbhmeghol d. 2

1. The nethod of claim 19, erein the corrective

action c ' ST | wer.: ] :

o & eador oS BEHHRL LRy CapRlink T el five RSB of he
sooepfilsd degedtatRF siggaltchmpsisasraaubiing He aptedimad 1&¥ation of the
signal. by estjnmting the relative posjtion of the
SO%%P% éheoget?%%d ]SEP@E deprrihedeesivnd Bsatpryationent by gitlpass two
: det si gnal at each reader and
deﬁc{e %P%Sﬁihgg?ﬁ?or rrgt%%eg%w?gn(jut the positions of each

of the detecti readers. .. The et hod,.of claim 22,

G her oi n ot MEDTAGT CHE b b FrBESPE Ot SHamaky Rime of

thOfealifl8 il e FERTBhyREMSb $a@bmit 8n RITIHAI eRBIGHWRN ifformation that
characterization map, thecharacterization map bei ng

iddpsifiesithertraRFnifiingvabdest r engt h nmeasurenents at the

detecting readers of a known RF signal source, the

l4measur eneriesm&Bod gf dERBE] 3w did thekBesdr dRirstShBaRhtion further
source at a plurality of predetermned positions in

coppEsespformatienthat identifiss thettrrpgmétingrinadetor i ng an
envi ronnent in which a radio frequency
15. The method of claim 14, further comprising if the strength of the RF signal

detected at one of the detecting readers exceeds a predetermined threshold, then operating
the detecting reader and the transmitting reader to attempt to read RFID tags only at

non-overlapping times.

16. The method of claim 14, further comprising selecting two or more readers
to multiplex based on the stored values, and operating the selected readers to attempt to

read RFID tags only at non-overlapping times.

17. The method of claim 16, wherein storing the values for each selected

reader comprises storing a value representing the cumulative level of interference
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identification (RFID) systemtracks the novenent of

articles through a supply chain, each article having
wW@riaobsd® t hereto an RFID tag, the nethod conpPCHURYNS/029148

sending a comand to one of a plurality of RFID

readers (readers) in the RFID systemto transmt a

radi o frequency (RF) signal 4&ncoded with information

that identifies the transmtting reader; receiving

aspeaiated withdhaveamlined affeet IR pigsdls thahmey b tieormitBé by onper more

of3hgrretdt FGRE® B Brfel 55 B pdh o i endur s ¢ ha
are |l ocated w h| n_the onnment, . wherein the
1§ ecei vod ThRFhPROGHAE foﬁ\f}nﬁerr%w@gmqa%&the steps of the

méﬂﬂé@ﬁﬁﬁﬁ% g}gbrgtﬂﬁltofitgteﬁhﬁg e N€ transmtting reader,

el ved first ormation is sent from one or
det t d 1 hat
Pond any bR GEnGRrEEh R o P HEE R e Suency

ideiRtRef@IRFIDPEysiEn trﬁél& tBe Hﬁﬁ@fﬁé&l’c@\éﬂﬁ%s QRSubk a @@[5;9 chain, each
val ues representing | evel of interference wt R%I D

arigle havmpettdchedrtheoaso awﬂi@ﬁ@ﬁag,ehmme@pd rcenhpmahgze

conpri ses a .neasurenent  of e RF s reng

Cotbet o mEeiling S SUaBiRh b ahBr e B tigb SEPTRGh of a detected
rali® héncygmb slgnﬁgvoﬂﬁ& Bbred dF8 Shﬁ%f\faﬂm%am&sﬁﬁrg that

correspondi ng predetermned th t hen
ars &cetediwithin the eoviromunent, rvelzmtein she weemmtd finpt mﬁnrhmsetml istseet from
stored val ues; and eratin the sel cte eader
Orke T ARTE Hptec it 1At el HORASE RS GRY SR LD e g ile the
th"sﬁﬁﬁwa?s%emg&@te% hod of claim 24, furt her conpri si ng
di spl ayi ng i mensi onal reader collision map
based on ﬁtbmng iatred menhofyi desticel ank @ mdre values2@preddrging a level of
yighod of, m 24, wherein the stored val ue
nte E?@F%\Wétb [SYSAE DETIOTRRICE oY e P8 $ar e tpieA Sy alig FIPIPEisss a
F |
R MRS A0 Bl AR QP Jip Y BhiBuring
resdedgjend were operated to read tags at overlapping

times.27.. The method of claim24, further conprising
r epeat i ngif BEOnSQf fhe Heredivalues EXSRIRIS TSP OREREPIcdeterRined

h{e@f{‘olﬁe P&%ﬁéag@ttax%ﬁ pA.rfS Eigta%&trgét%%ra"&‘ﬂ?nw oduct - (CPP)

angi b Ion carrier and
cont ai n| sg (?J £| ons, en executed, cau a
20pr ocess o g P 8 Z11&3ren\1l\'hn<-: corrective action comprlses repeating

one or more attempts to read tags while any one of the stored values exceeded the
corresponding predetermined threshold, the repeating being performed after the strength
of the detected RF signal falls below a second predetermined threshold.

21. The method of claim 19, wherein the corrective action comprises adjusting

the power level of one or more readers.

22. The method of claim 19, further comprising locating the source of the
detected RF signal by estimating the relative position of the source of the detected RF
signal based on the relative strengths of the detected RF signal at each reader and

predetermined information about the positions of each of the detecting readers.

23. The method of claim 22, wherein estimating the relative position of the

source of the detected RF signal is further based on a characterization map, the
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operations to nonitor an environnment in which a radio
frequency identification (RPID) systemtracks the
wowesrss of articles through a supply chain, PEDNS2005/029148
article having attached thereto an PvPID tag, the
operations conprising: receive first information that
conpri ses the signal strength of a detected radio
frequency (RF) signal at one or nore of a plurality of
chrpcRrizetmana %mbm@ pn Riatignat grangtameasurgmentspat thedetecting

oG8 P BRRLR SRRl Pph o SREEelh bohe LIRS Ry
sigrl §RBck ARDIREEE of peRlewintned Hb&tifils if it advirdasieRel Ng

detected; store into a nenory device val ues

Ir epr esentj 0f - . - Wit
2407t or s ftind Gonihink Sh BEHEREORER A Thedh BEEAAEY
iderefeati@d RAIDY bystenh ackatthomovanehtiof agtitles eineugh aktigply chain, each
stored val ues_exceeds_a correspondi ng predeterm ned
artigle Bavies eftashed thereio pe RETRAda% th methad Compiifieg a
corr o0t | EnAfk L Wrndla 1T B STpRLE) IR MBE(Rh R in the
the correctivetaction conprlse% repeati ng one or nor
REID 88Rhstol ttank@ad rhdig Frdghedcy WRFE sigfdl @nyddet evithnaf@matien that
~of the stored val ues exceeded a predeterm ned
iderifies; B tepnsnuitléng @pdait i ng bei ng performed after each of

the stored val u falls below a S I, NQ.

or edet or rcraing A alindet O oAt pRd B8 p LR SR 1 Signa
st defeRtedQhdi6 Felgiéncd ¢ RFPHg R BPEASRSMEE] of atphielityRE readers

power |evel of one or nore readers. 3 1. The Po

thafl as¢ taca®d withér dicenvinennaat,rveler¢i sheaeesive fyshipfargeton further

sel ectipg two or re. readers to multipl ex.based
copipuSey BiRmech Dewidtuine Scrammilios et pif e dSiduddiy
infoPmAid LT BEnt idnk 8RN0 Hbie defddfin® Maderd thal WrOMEY dtRRILHRE to read
times 32. The CPP of claim 28, wherein the corrective
any RAIPrtagowpits the Rdiigal wgs beingdetomsedi nensi onal reader

col lision nqp.based on the.received first infornntiqn.
stormg into a memory device one or more values representing a level of

interference with RFID system performance, wherein each stored value comprises a
measurement of the RF signal strength detected at a corresponding one of the detecting
readers; and
if any one of the stored values exceeds a corresponding predetermined

threshold, then:

(1) selecting two or more readers to multiplex based the stored

values; and
(2)  operating the selected readers to attempt to read RFID tags

only at non-overlapping times.

25. The method of claim 24, further comprising displaying a two-dimensional

reader collision map based on the received first information.

26. The method of claim 24, wherein the stored value associated with one of
the selected readers comprises a cumulative strength of the combination of RF signals that
could be detected if all the other selected readers were operated to read tags at

overlapping times.
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27. The method of claim 24, further comprising repeating the steps of the
method during operation of the RFID system.

28. A computer program product (CPP) tangibly embodied in an information
carrier and containing instructions that, when executed, cause a processor to perform
operations to monitor an environment in which a radio frequency identification (RFID)
system tracks the movement of articles through a supply chain, each article having
attached thereto an RFID tag, the operations comprising:

receive first information that comprises the signal strength of a detected
radio frequency (RF) signal at one or more of a plurality of RFID readers (readers) that
are located within the environment, wherein the received first information is sent from
detecting readers that were not attempting to read any RFID tags while the RF signal was
being detected;

store into a memory device values representing a level of interference with
RFID system performance, wherein each stored value is based on the received first
information; and

if any one of the stored values exceeds a corresponding predetermined

threshold during a read attempt, performing a corrective action.

29. The CPP of claim 28, wherein the corrective action comprises repeating
one or more attempts to read tags that were made while one or more of the stored values
exceeded a predetermined threshold, the repeating being performed after each of the

stored values falls below a second corresponding predetermined threshold.

30. The CPP of claim 28, wherein the corrective action comprises adjusting

the power level of one or more readers.

31. The CPP of claim 28, wherein the corrective action comprises selecting
two or more readers to multiplex based on the stored values, and operating the selected

readers to attempt to read RFID tags only at non-overlapping times

32. The CPP of claim 28, wherein the corrective action comprises displaying a

two-dimensional reader collision map based on the received first information.



