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RFI D SYSTEM PERFORMANCE MONI TORI NG Radi o frequency
identification (RFID) systens are capable of

woweeloassd y det ecting individual RFID tags (heP&r/ns2005/029149

referred to as "tags") as they pass in the vicinity of

an RFID reader. Unlike bar codes, which are read

i ndividually and nust be in the optical |ine-of-sight

of the scanner, RFID tags can rapidly read a | arge

nunber of taBEIR ﬁXﬁTM%ﬁRf&W&&ﬁ@gm&&Ma

reader, such as a nunber of tagged products that are

t oget her ®ada SdypkicyddemifipatidneRFIDD systones are tagpblenefywitedessly
read through sone materials, such as paper, or plastic. . .
dpieekaa iRk RFiyfags Shegein EFRrR oA B Ores S fighe Viciniy of
BRI G Ser APl B Yhithale R0 6w Und uubABRhe optical
and read after being pfaced In a container for storage

lige-osbight@fithe sdAmhdd, RAUS taps yabeapidly soad taidnge number of tags that are
m crochi p- based tags about the_size of a Iar%e post age

vathimpresimearownska reagen; sitchgg e nymbeneidaggedmipdicic lighae &0gether on

S PHBONAY B SR YS SIBEB BRULE S o oo

plasBO 5akhging ehakl Gsetirte ghip Reses ORPMlB NG Fyd@itts. aAs such, individual
particul ar frequency and with a particul ar nodul ation._.
produgts mdt bei tagg peacoriter heiag plasedings cankang daigdprage gr shipment.
be energi zed by the RF energy received via the tag's
antenna. The energi zed tag may respond by generating

or reflecting an RF signal that, my. bhe detected hy the
reader's %ﬁlgﬁﬁ@ 13%1.39 @ééfm’.mf%%@ﬁ@ﬂ% tagy ﬁ?o%)tfﬁle.t% ofa
C . r . .
B AR] A ot e R QB g e pEAEEAR o
ftequéncy SKedyy t@Eomaimbegitatt deihtd feyderg Typicaltyratreaier mAf detect a tag by
the reader receives_and decodes the identifyi

Ie . g. .
tiapgraitting ieein, Taanengy (BEe peesgvit & pratieuly fragyenry qngémhoeeamﬁcular
[ eq for . j . indi.vi
L R R L e R
cBY Pt Rived TRShetig'siantdntisl eThdetter @izl 1A imdyirespoad by @enerating or
i nventory managenment, product tracking, billin | oss

. ; p L
reflestiegen BR signal thatasay brydetmteshionthe reagery #enma aag receiver. The

di stribution chain nmm - RF| St e .
sty P g B RS Rl B SR b « Bl fumber.
elRpuhie ?;Irc_&&ubﬂébdé' (BRL), sthckilePif uhin (SIEUY, &5 Dtheradepifiges,

and retail outlets. In a practical large scale RFID

infpunagion. ridter shd readay seqeivies bed desades tha ideptifyinesinformatien ghe

chai n text, RFID system perf.ormance may.gener al.l

QPRSP T3 6 PR BT ey VA PR PR A P Al tags are
AR RHE Wit BN b8 P4 8t bl 8ol bigdin, 'f&%)daﬂ?le? Hgds naftin€tadd) but are
of these points, the margin by which tags are )
nohtim#édixt, aviehtpry mahgement, 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. Ina pracﬁcal 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@ Eib)p313sader /tag sensitivity, material propeP€T/8S82005/029149
and nunerous other factors that can inpact how
reliably tags are detected by the RPID system
Accordingly, reliably tracki?ng tags in such
envi ronnent s rehgui res the RFID systemto operat.e un

. der ..
various afhoaindithese peinise thegraigineyi whicthiigs élfeﬁéPSfaCtOfﬂ%’ read is

ondjtions that can inpa AgY Erfmanse. A
S"@V‘:Cf EnYFEHs %rﬁfntegefsi’ﬁ%crﬂgaﬁgg?@é%ié%p@ﬁ@mﬂge of” an
el%;trdrﬁ%g%xﬁé BFrfefdilc@ CEBIT), RéAErRisombitatg|inaeanarep@atiss, and

that may inpact the performance of an RFID system _|n
mwagrbousthenfaoigicnthat ein impact dpwtrehaliaipgs arq dsgqeted by the RFID

inforpation fro ti.pl e nodes in ft. t .
S Sk TR DO 6 RS BB D
sfsfinl RS Rtatk D@L REb & atkBspiREE! dRob®nideétic, hiadher amditions that

system'performance. RFID system perfornmance may be
caminipacr REIDagystear paslsmanates i n t he system i ncl udi ng,

for exanple, individual reader units, environnental

sensors, Andsehopf vkt cdngsirdttrazhing pétfbrraick ef teBFID system
i nformation may be anal yzed for the gur pase of
coltetstinfoymatiprpboatparameterstihet TedHIPREH e Pedoreg e afpn RFID

reliapility of, RELD s r \ ' .
sEh kbl S RuS B AT BT B R il nodes
irAAg 'sysﬁérﬁ. TRY sysBeh HES pPEshostarticsl opetations on shecdvllested fdisrmation

exanpl e, tag sensitivity |levels, successful reads and
to determaine thejstspacs onispriewipatfarmansgs RETIA systra pridprmipgge may be

al so he coll ected .about product.. conf.i i ON; .
o o S AT o Sl P L lvid@raer s
ﬁ{?ﬁﬁ{ at RUHddirbYramhiBs b6, AlDsuected irgotmeion yay be

“and the a,?llg e 1nf ggrrrr%rt_i_on may al so be col |l ected about
ahdtezelldor tho gerpose pidentifyisg pptamsters thaticontgbue yo rueggysliability of
readers, and other hardware and software. Furthernore,

RERD syeiPSHOME Be col | ect ed about the product to

whi ch each tag is attached, such as informati ?FQ{ about
tag traj edegeyoussanbpdingsafs; informpsien thay iy qodected fpranalysyy may

.1 nvol ve and_SKU of pr. J Lk ful read
BB meey P S PRl eSSl lovels, successful reads
2f€ a8t BRABF indRaduabiaps. eFhfsi@masibh maytalso bercoetted abouf product

version, antenna, |ot code, and the like. Oher

cpafigurain; gt Hetemealandelrizntation ifyEmation fuRe JFHATERI Frlymidity,

10 b Lt t
B SR s e D BRI s e
ctgﬁé} Nifsfon, b%éﬁi T8 @Hﬁgﬁjf BERES reddetl, Whdloihkr bagwareayd beftware.

ested to term ne ) .
Furthermore, information may be collected about the product to which each tag is

attached, such as information about tag trajectory and velocity, cases, pallets, materials
involved, and SKU of products. In addition, information about individual tags may
include tag design, vendor, calibrated sensitivity, orientation, version, antenna, lot code,
and the like. Other parameters that may relate to system performance may also be
monitored, such as the state of a dock door (open or closed), or the energization of a

motor, for example.

In some embodiments, individual tags may be tested to determine a

sensitivity level that is then associated with the tag. This tag sensitivity information may
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sensitivity level that is then associated wth the

tag. This tag sensitivity information nmaybe conbi ned
wowaok/osher col l ected information to statisti ceCT/¥S2005/029149

deternmi ne the performance margin at individual nodes

in the RFID system Enbodi mrents may al so i ncl ude

i nformation derived fromtest data about the

b ombpt bt ool or g ol LA Heler iR B Bormance
nf80h al Hﬂdﬂz@du%pﬁ?d% 2BE REPDAYHELS EnPdabng@Nshy ab tntlude

ur ement ormation may be used to inprove the .
e eRHtRa)levkédfromites dbthebsyighe sansitinity dBees fg/a function of their

error-contributin aranet.er.s. In one enbhadi nent e
DR PTG YR O SR GO TER GrTipg B br mbftproducts.

oper at oL . | i G I i ; +h
B Letblivirk melbBhod Sttt R eSieck fo ARETIMB atokly wit

i @oat eystém esh idbiitéf babrichitnibuting parangeiser enbodi nent ,
the system may be configured to take corrective

action, syghnasmbblflend iHeafitdinmaotd Stenpk, agbgaddalipglert an
keep-out areas, generating orders relating to the

operatdras e patictlagsarametdr isdetermygedig bive fallan Qi RéR Prekicygined
[ t . 0.,,. HVA f we Eh .
TGS 3 DoAY ARG I O EEL Bt the system may

b%%ﬁﬁ%@&& A fatard@ive bR Rictaticemgytan dopetdasef sigdating
one emmodi nent, the nonitoring may 1nvolve nmultiple

KeBpott siegs gbsersthgtorperp vilatingi tnftior prachase o&tsgstandigrning on/off air
per formance of an RP tem,..In arti.cul a .
e RS ﬁﬂl_,uplfﬂﬁms(eﬁerlwéﬁgﬁe@ it S TR e feured to display

I i i m a
p%ﬁa?r%egéf[rggtireﬂrdg,a%ﬁ dorrel¥iok Bhth 86t mil;égprgﬂéf@ﬁ Bhh 8PerhioR)

er statitons in the D system
Addi ti onal. sensors,. Su as L ; I €nals that
and huni di]f’ﬁneﬁH{PO %ﬁ?@@é@ﬂﬁ%&‘? : fo{r,(?rg hEARE b sFgnals tha

$r0iliE Gl MhtioABEu GRS p&ErRnceSIfEh RFIDAyS@in dn araytidaéar

anal yzed by the performance nonitoring systemto i

elaidiradrit cthls|perfoomanst atositeneg way pepghirvednedath bycqliseting

collected information, .incl.uding,ti of

m@ﬁp@’r@qnego | R Bp reﬁ%esy S aﬁlgp%l&gh? Fﬁ@) sgeygrfl q é&&ﬁ?]ﬁ){}fﬂ nsgnsors,

Juth & éM%MﬁtaPﬁfﬁg%%EhrBﬁﬁ&M@,%@%&wvmr affermation
par anet ers,

environnent a solutions nay be targeted to
dlleétgat eOndeebleadd, sudhsinfoFmatiaxanpbeanabged by diedest formance

station that is nonifored.na for anpl e, .

PRSI SHEER Sl BRER Pt e SraOnRETE i ghefillcfied

i ﬁﬁ%ﬂ&i 'ﬁ?éﬂud%ﬁﬁg. BAY bf ARMEMitofld fensieRdely iitladd eme. By
ach ant’énna rmay be operated to nonitor the

ieitfronpaslatorohipobéteren REHR swiernperfarniadenand snvioumenial

of el ectromagnetic energy. |In. another .enbodi nent, an
PREMDSIEE; SOV é%%h?ﬁﬁ%%ﬁﬁ% @W%h\efrﬁggﬁf&es a

conputing systemw th a processor. The processor nay
execut e i nEorexatmplsnsachireadenstation that is monitored may, for example, act as

a passive antenna to collect electromagnetic signal information in the environment of the
reader station. Bach antenna may be operated to monitor the performance of other

readers, or to identify sources of electromagnetic energy.

In another embodiment, an RFID performance monitoring system includes
a computing system with a processor. The processor may execute instructions from a

program that is stored on an information-carrying medium. The program may include
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programthat is stored on an Mormation-carrying

medi um The program may i ncl udei nstructions that, when
WE@2®681B86b on t he processor, performthe functiPCBEUS2005/029149

descri bed herein. Sone enbodi nents may provide one or

nore advant ages. For exanple, the system may provide

for the collection of infordation related to the

performance of the RPID system Information CoIIect%d .
inftyuctines G tvéien ergcuitesl Qo Prasgssos R ithBC TS fgserbed herein.

manual and/or automated analysis to identify sources

of di st ur beme esmbbdimits Mayysoede per ronoracantTges. $ps exawple,

al so provide reports.ab%yt RPI D

thpeysom e Vidipr gt TGP Bps B forpguce of the
R?ﬁ# %;?s?é |t Pnf&%gig}{ %OT?C%EJdOJynEﬁ@ %Eten:f Ry 0 eBInb & to facilitate either

on and anal ysi s “nmay ‘be used by system

mafe k@6t Sutovngl negyss toadehttpernatasrod disturgaicas inBFighsystem
into performance margins in the RPI D em , what

pdrérmencs. | The Swstpmén@éﬁ%l?fﬁﬁﬁé ECTPR ﬂ%tf@?d%@w pgjfprmance, and

RPI D system.the e : h@n iled
R PRy St P b E R POTER s (IR PRI ST Jok bl
iR BteN B himRlsSaf bd dsed by verin arhiades, saginées, tand ioperatres to

acconpanyi ng drawi ngs and the descriptiogn %gl ow. OX.her
gdie atsight into pjferctasce magingdy detRIgELsyseny peat @aﬁ%ﬁ the

wi.ll be apparent,fromt i pti.on: [ AW, 09Serati fth
PRI b Se i e e T TRE B e Rt Gt Perasion of he
Rﬂhﬁg{/’s@éﬁﬁﬁhztbeiiﬁﬁid%@s an RPI D performance nonitoring
system Fl 2 1s a process flow diagramthat may use

the RFID garf g{ap?glfﬁ&e'm %Cﬁ’g g}nﬂgdiﬁiéﬁfs%’!“tl@c intédrfgon hre det @rth in

3is aflow a met used wth the RFID
et onpRREg daRingo ke Systiption BtlGy. Other faathrasceljestaland

bl ock diagramillustrating one aspect of.data f| ows .
adyraiagat ef e GEEsomHil b BRAIRE] EPIBART SroREPHaD Fr0 AT PBER gud from

tl%ﬁt’em FIG 5is a flowhart of a nmethod of applying
%mgystem performance data to i nprove RFID system

per f or manc |G .6 1S fl.oywchart,, of. t

anal yzi ng Fg r réfr%%lﬁﬁt?nag'iﬂ%di%g AP lﬁéu%egragqng?g%erfo ce
y system performance. FIG 7 is a top view

nipbrb B,

ution center in which an array of readers
noni tors rces of el ' '
'l owchar t 136" & stngie 55 W TR ATEAn5e Bhe HIP pfrfafe
nBRRbERE sREREBf 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 éspect of data flows

and data processing in an RFID performance monitoring system.

FIG. 5 is a flowchart of a method of applying RFID system performance

data to improve RFID system performance.

FIG. 6 is a flowchart of a method of analyzing performance data to

determine parameters that impact system performance.

FIG. 7 is a top view of a distribution center in which an array of readers

monitors sources of electromagnetic energy.
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readers in the RFID system FIG 9 is a flowhart of a
nmet hod of neasuring the sensitivity of a tag. Like

WO efoenzrsce synbol s in the various draw ngs i ndPCHUS2005/029149
i ke el ements. An RFID perfornmance nonitoring system
may i nclude systens, nethods, or conputer program
products for collecting information related to the

performance of an RFID s¥st em Cenerally,. RFIE S){St em
per f or manEBEG &k atflowchart 4T aedipdeot yping dnctiug feadery to monitor other

[ id i f . T
re%ggrg% elﬂ},l{)%§§t§%$teml entify tags 0 assess

araneters may affect RFID system performance,

i nformat i froma varie of, soyrces may, be col |l ect.e

for anal ygf]@'.g*‘f’ﬁ O(Yv(fﬁ%@%églef eer g 93?‘{’8%“"Y o%agag.

anal yzed using statistical methods or other tools to

i dentify piketrefersnce sambalyigiteavasioys drayuagsgpdigste dike elements.

relative to RFID system performance. Accordingly,

i nf or mat i an REP pgeeformhhcechedtoabg systayperagtinchukl systems, methods,

results, systemelenents, and.the environnent, within
ORBRIBIPP e PTRETRE @9_3%%?%911%@% pfermatqg rﬂ_éfﬁfr{g? HsrsglontBance of an

: #& of h liabl

RFFD Ship; CeRbiR) OTD T o eBRCE Ao b1o D gihoy roialy
rdad@d e theRfaemaddneify: tagacho bdgssmayanters that uelyyaffect RFID system

associated with an identifying |abel, V\C\A%}ch ({r% al | ow
PREITIBBE S NIPTHASPRAIObA VI BT RIS 1ady crtleed Hdicpalatis) The

t 4T i ' . 2 L
e REE P TR A b3 R SR AR bRl o identty
p@€drhthat iAGicsd SBurctES s relamiveay RIIDwSstam renfoamance! iAxabrdingly,

portunities to inprove

“tool for identifying o RFEI D
infyreaginn pay e celiaséad SOREROPFatianat s insyicst eleents d the

t f. . ' .
oD R R o SRR Fopg B8, b UGl pelated
ingQRdkibh 80§ beageRtd wighetBer iHRSMaHEn, sich asatrb@kt rifbination, RFID

the trajectory of relative notion between the reader
tagrod redvier indgymating Eheh feaysaydalunimalygetasiatest Witk apfdeptifying label,

wPie o Rlo coletied RESPlarPhe P YoM ifadviahiagy arne
o8RGk sy3nRhhISY iRBIs thdinfRRLSTRRAhdBIbSse GF thidfg Fitie

be attached to an i1ndividual article, or it rrai)é be
catr¢ctivhedidno As siohtthe sestenomag serive bean analysisalitpakloe tiepijfying
the REID system t may. be attached to an article
bR (S rrpRuRr ) st PRRed 2 ohel £ % n

di stribution center (i.e., or other warehouse), or it

Y lbe at Meapidertets can AemrdecR AN systea pefemeRegvics cxpmple, tag
| o . e |
B G e ANt oA e R BB s

rdiB ABigh® ¥Ry Rblitg thetrgetRelyyoreslative MotorCifutwestothe reader and the
forklift, truck, handcar%, or simlar node of
£

tagp avdetha mhpsical Hearadignstips efhe areamyounddheitraderraye glsg saraples of
fa%%ors that may affect the reliability with which tags are read in an RFID system.

In some embodiments, a tag may be attached to an individual article, or it
may be attached to a container of articles to be tracked by the RFID system. The tag may
be attached to an article that has a fixed location, such as a shelf in a distribution center
(ie., or other warehouse), or it may be attached to a mobile article. One example of'a
mobile article is a forklift. Another example of a mobile article is a consumer (or other)

product that may be moved through a supply chain via conveyor, forklift, truck, hand
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product flows from an original equi prent manufacturer
(OEM, through various distribution centers, to retail

wWoikesse0 and to the end consuner. Al ong the sSPEPUS2005/029149

chain, one or nore RFID systens may be used to track
t he novenent of tagged articles through the supply
chain for various business purposes, such as
mnimzing | oss,.inproving.inventory nana nt, or
GaEYueY HEUFHD %fr%PﬂW@fa&‘ff‘egHE‘o%’Pgl}’ chiin TR AN ausegent of

' R ﬁtSﬁlaﬁff&et&aéﬁ By Uk AEh&alb e
%gg?%?%gvﬁ%nﬁgfgﬁ%@teggmﬁgﬁat rel i abl ygbreaas a(lﬁl% tags
distribbigon @asss, by reteiboeicss, ahd tpthaehd cansusyest Atmg the supply chain,
however, there are many potenti reasons t

_ ﬁl gat a, . hroueh
oneTaPorRRFIPystemy 5% oF §55 toj trask theympvargent oh tpagedagtigies throug
L . i ne .
tth"élglgpéaslg @a&n?%? s{(aﬁ lt%@ﬁewﬁéﬁes‘?@ &%q?%g‘ﬁ%@g §6s§§1ﬁﬁ)rovmg

pur syst'em 1 nvol ves yin

ho&t ey Sndnagémdnit Nslaedytid avemangaclated dosts afve eearsple.hat

negatively inpact performance can be identified, then

m tigati onTRdE BLEME PuifBYesfaydRMRLORARvEN By Gahg 8Gldhve

actions taken to inprove RFID system performance. An

fREfobmpmuef R TDeystenmtbaft tebatingpady st @gs avtheppass byfreagiersedn practical

to identify paraneters that. correlate with RFID.syste .

ey Pt T Rl R O AR G £ OPHE By SHL T e
1@Hee :

R 00 1 B 15 by, DT Rl ebiincss piyposes of the

RPEY gntenRiavElveyritwifping tfactas itlew dinded perormboey If harameters that
chain may share inf REI D

r;ie;g{f\le%as IRAgH PESIHEIARRE GeRM ﬂ%ﬁ% ?Mﬁ@gatgﬁﬁgﬁ?{ﬁ%est@y be
e L D S TSR

the RFID .of. the d f . .
ol 1 abi 11 ¢ 3 RLR RHPERCE JE TP g DRie T Guy By Sryigyredo identity
DehfRrsaRatRHERITRAR ?\F‘I'Elrs%t&n pefiSrgneat Rh KHIB performance

performance margin, the lower 'is the |ikelihood that

eagisornigl systamtmdyeber watigped pecoliect, Agalyae, ind shate mfdroation felated to
regder is I r.oper. read al] tags in a,pallet
paTpERATEE O} fgﬁ%ﬁﬁé&tﬁ AD(Hlms Aevaiort BPPR O thE Supply

amng%' RRRA - TRYED shdi6ms, EPL S nRANEHIdrEMBn may b

nmay %%@%ﬂ@e bg%fvgh?ﬁ%&reades?aperfor mance woul d 1 may e

fralyzed e identdy pomstiddrarthitmesy ienpdovecr elpgabe FIIR sgs rolpdrformance,

After sources of error or duced performance margin

H’é]\}é’“b@i‘ﬁbl}’ %ﬁ@}'ﬁflieé@]%yggﬁsﬁ-@ HFGHher s, managers,

engi neers, and technicians may design and inplenent

m ti gati onOse measiee eStha dagrearbreliahilizavith/whigh tags mie regd is

15 R B O SRR oo e over

£ o 1Rl SOEthenBE ORIl 518 deddprapdrBIMeAd seilthstratidk Sif a reader is able
corrective actions w thout Human i nvol venent. 1n other

to properly read all tags in a pallet at a particular power level, then the performance

margin corresponds to how much the reader power level may be reduced before the reader

performance would fall below a predetermined and acceptable threshold.

After sources of error or reduced performance margin have been identified,
system planners, managers, engineers, and technicians may design and implement
mitigation strategies and take corrective actions to improve performance. In some

embodiments, the mitigation strategies may include closed-loop feedback control systems
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enbodi nents, human invol venment may be required to
perform aspects of the analysis or to take corrective

W@ei06081860 For ease of understandi ng, the severBdT/US2005/029149

aspects of an RFID performance nonitoring systemw ||

be introduced after a di scuss7| on of conventi onal

aspects of an RFI D systemthat i s capable of tracking
detajl s .of var

t
Sl el ST ptialiige i ioel R SiphS b St st Tn other
SHSS RS, Srubiaf SSAREhent RRP be AGEirEd Rﬁﬁérf&ﬁ%ﬂé&sso“ﬂé"énalysm or

may provide enhanced functiona ity for the perfornance
togakd oniasveggiomm wi | | be expl ai ned. RFID System for
Tracki ng the Movenent of Articles Beginning with FIG

1, an exenpbradaye Bidefsyside ﬂleséﬁera@%écwm REID efémance
t he novenent of RFID tagsé s") that are attached
m@mmrtn;g@wgmtvaﬂ@é mtf%lr%@ha SiardiscasianopiLopwrnientli aspests of an

lggfrl)g S)é%ﬁﬁm 1S %Iq aé)’énﬁetr eaggerﬁ?% %ngx;lec?eﬁ Cﬁjég%g%ﬂs of various

@péamaﬁo@a@tu@ &Mﬂmﬂ)drﬁﬁmhﬁb’étm@fﬁnﬁg BYstétt bRChregnelelt eTen,
tags within a read field using radio frequency (RF)

@idgmalsfeatums thpt Dy eviderentemeddsiongtivpplifsi der tha pREpMmance
g ]([')atl on ser)ﬁ)r 4IEl a?\t may perform functions
e qrglgsy Y er?ép H&% novenment of articles. In this

exanpl e, the o?er ations server 14 comruni cates with
the readers BBIRWygewdon Tracking the Maermgptofidreickesy it

is coupled to a nunber of information repositories
that stor eB¢811ﬁIungmth<FﬁGr bl aatexgmplerst REk systpm h@is configured to

RGBT Py Pbeion Ko Crabi) B i Rt dridet e tdea
Siﬁﬁl@l%se?co%&cntﬁﬁgl REIRGstens thARFAPARRZ 0 is Ruple@Yd B or more

for tracking the noverrent of articles, the operations
REID/eaderd 12 n Bath sadsrali?phay insludé smarttm;qal a@d atcongoller that are

i ddl 0 t hat h f
G EIEe fridrt egvie o T A R R perae B0 sl The
IQFID st ed algélmcfu‘aés SXRPRD Bperfd&ifs sERBr H‘E %7 8@1%01115 Rfictions

I D”system nay have access to a source o
mla}eeld:b traaking thesmoterast afiamibjee cin uhmrmampleyihc @peﬁ\ﬁhs Rbver 14

q-gglgmgg\léae%? n@ﬁle LoV dﬁ?stgéqﬂg:l}%;e%%o Cg f,\;qa t%ac%lapled toa
ri}gﬁ{tfep Bf'ﬁf t161!i‘ ?f{?oyﬂirﬁy ﬁ s‘ﬂogéefﬁd LJ‘QEd % he
Is tag nt [ or mat i on,

thovemnent oﬁarﬁpleszl hi thizesemple, Be mfﬁﬁnaﬁbn@@dsnbﬁés m&lade znpgoduct

be stored in the ta One exanpl e of such a code is,
Gagabags{ng|tes dafabase 82145%1 8 BF%@@S%e (EPC). EPCs

may be applied to tags toprovide each tag with a

uni ver sal | To providedfos radkarg the myeemeadsrticdss, tlespetations server 14

iR s éxaarrrnq)?éj is also coupled to a middleware server 30 that may exchange information
with external systems, such as the Internet 32 and/or an intranet 34, for example. Over
the internet 32, the RFID system may have access to a source of unique object names,
such as an object name service (ONS) 36. The ONS 36 may provide a unique code such
that each tag used in an RFID system may be encoded with information that uniquely
identifies that RFID tag. This tag identifying information, which may take the form of a
special code (e.g., 64 or 96 bits) that may be stored in the tag. One example of such a
code is, for example, an electronic product code (EPC). EPCs may be applied to tags to
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with other information such as, for exanple, the part
nunber, | ot code, manufacturer, or stock-keeping unit

W@ 3Kp3Ber the article to which the tag is attBChEs2005/029149

Through the intranet 34, the RFID system 10 may
exchange information, such as business, accounting,
and i nventory | ocation inforffati on, with a warehouse

managenent system. 38a. At _the 38a | eyel, the
R e o8 TG A TG SR CORET cjoEo e GIo b pisErammed
WK 8RR FESYmaibh RuYAt R 8xarhpIE ! Hd Fﬁg nfthb&?, &Y $b&Mdufabirer, or
such, the volum nous data coll ected by each reader iIn
sadhkdpind wytd S&EM) ferythb ertslmioavhicletheftag israttpdredi ng

pur poses, for exanple. Miultiple W' s, such as 38a and

38b, may beheopiptiRdntihef34, ithdTREID BfsQsriad n@y ekEBO indsiynation,
(IT) systemso that the RFID tracking data may be

jugh agybupiness, icedingag énd @mep@mbéawgq'r@mre wath a warehouse

e ROEata ST R B S S B b e et may
R¥@EfR|a8d cbiteolR¥nk Br ﬁﬁir@inﬂ&yenaéltﬁl@l%)bsrygtg{ng gggg@lgﬁ é{m%&stem 10.

a virtual private network (VP

Apsuchethg Wogmida@e@ﬂpch beeach(readsr in eagh REIBrsgstem may be

di stributors, f.ransporters, retai S has.afirm
SR e BE DN ofd G M MOMSH, e B 384 &ha 3so,
3 BbasBlealo aMriRaHBRnAHREEMBI RN NI BY SRttt HEShORSTD tracking
been descri bed, other network architeCtures and

datgpingyrbe indtgratad withyotkdr sorfveate srd hightlevel oasageinregt functions. Some
cri.ptiaon introducged various _aspects of an exenplary
BHTEBHER B DA TEOS CURGRRLS BIRAT My PR SURBVCHBH, LoF

%gﬁlg&l 83 ROt ARaGKE Q&?ﬂt,%b’eﬁﬂfg% vl @%\Mﬁh@ ¥l 8% (VPN),

FI D readers. th that background, the ‘perfornmance
fof steragh and rdRieR] by btsmessipartriees (@@ni supplés, kijstidbutors, transporters,
performance nmpnitoring systemthat wll next be
la@gw):s\éﬂi SRS i 7 RSB i Eoier g 8y f1efhifkR database 50.
ARIEh B St S LA S 18 (At W Aol Pcliffores and
ifipenentasibhemay alsy ¢ @sad100") that may col | ect
informati on fromthe RFID system and ot her sources.

The col | ectipdioldpbRisMREd Do BB c A WHrHES Hspeis I eh e?éﬁflplary

the system 100, or by human operators. One purpose o
sastanycpnfiguredeo cwivessiinglly fradkomorednanh of srticles islegtsn xemplary RFID

b u et M gdete o e Rer g 5 s ipes of such an
D dy8RM ey 6OMBhERsed By @ ?591'?01%125’19«? nfo_iii_lﬁ S ’bréﬁ%to&fﬁl; n)t/axt be

i nformati on storage and retrieval.
desaribade

RFID Performance Monitoring System

The illustrated RFID system 10 of FIG. 1 further includes an RFID
performance monitoring system 100 (hereinafter, "system 100") that may collect
information from the RFID system and other sources. The collected information may be
analyzed, either by the system 100, or by human operators. One purpose of analyzing the
collected information is to identify opportunities for improving the performance of the

RFID system 10.

The system 100 includes a processor 110 that is coupled through a bus to a
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program storage nenory 122, a conpiled database nenory
124, a statistical analysis nenory 126, and an

wa@eooslossy nmenory 128. Over the bus, the proceBSDUSDHAY029149

may retrieve programinstructions stored in the
program storage nenory 122. The processor 110 may
execute the retrieved programinstructions and thereby

performfunctions related to the collection, i
mepeEe §49 frg nfepngionstarase andigirigeals Themesnasy 4@ msy nclude
rfor e t ' fat J I LB S, 1o
oRREH A EEATE oo"15% 4 BREEIR Bl R8RS
nRHREE $38) andl @n hakiBarg Mch@eY 1Y€ O¢éd theBud, thd prRE@YS Rl Bay retrieve
system performance, and/or to report processed
pepgEn) instaptiqne steredngthe psagadm sforapgsnenayy d2+ dhpprasgssor 110 may

R8RSR it e 5 o ot B o e
cSlRAoR Moo, Rbmpilaial SnalyEREo£ABAGE bF pASorbRhYERMIéhe

_processor 110 and these devices may be, for exanple,
infiormagion.( IrGsange ¢ra)qdiments, dhe piogran instru¢tivne gragtfenther wavse the
single 1 C or ASIC), over a para bus i nc¢l udi n
pERaRRELS 8 ootk oS ro iRk i eBtin bEEmRREE, gudor t
rdpBrtShroddad FhiAEN Sésult®o SAFLAIQNAEHs BF RAMARINVekdtorsOr @
conbi nation of such nethods. The signals to and from
t he proce . ' ' r - d
hand. shaki g Pesaal T4 RS b LS & aHBhSder @Bhpeceisend,

stp&y, dopmN@eprovds tatkiand csntsdl eignalyaThe usnn@ttidisthesi deh@be processor
may be used to inplenent the functions of receiving,

LK} and these gwiseemsy ng, forpmpledirti(C iyl Onintianship G5 uggated in
a ?nﬂlg% ggfoggfke%g?g,r on‘%}r( a E,Igr@irl%fg)lgg ti"tﬁ@fd?n?&%d&ge?s,ﬁa?a%'&nﬁd control lines, over a

sdriAPBiise/a US B Wi hdridt CordoR B8 H&Eiréa W ek BT dnfbifitowidiSuch
a coordinated operation of the functions descri bed

migheds.nThe sigesketoermddifinnthetproenssas 10 penaytindude inteprupts, control, and
i Ee fo s TR e RE AR IRE Fre IR P PEHES ot ystom.
VERoW REl8ESAkKes hDf beeusdRd SapléMert %éﬁﬁ&%”fﬁ'o@rede%fgéstoring,

processor 110 is also coupled to a sensor interface

prbgessmgdaral frasaittiog idomatioh. The procasser 18Dmaihe inspawented in a
interface 140 may. be C{)Uﬁ| ed to a.nunber, of {)alr anetric

siuglf BHSPTRE355PY BT RITp > L P gt ety TRl Processors
pﬂggf'aﬁ’ﬁrﬁ@& 1o @Re Htcogﬁ'irlﬁfﬁ e&tkh%g tﬁﬁién&fofﬁ QbschBed ?ehrgin. In one

rformance of the RFID system . For exanpl e,
erpbodimenty sams epsaticns Tk bedpndied by e dhairomivooprocassor that delegates

tenperature, relatjve humdity, vibration, power |ine

thg PRSP RfReriat aal@iyglfaé@ﬁam P4 PBSORIAF SRR O SR
as whet her a_dock door is open or closed, or whether a
certai n dbvihiseexpaply, theppeessoorild0 soalsoeoupledith asenspe interface 140

ol LD ARS8 Ol 05 U OBTERL 814 ¥ hupied 1o &

number of parametric sensors 142 from which the system 100 may collect information

about parameters that may affect the performance of the RFID system 10. For example,
the parametric sensors 142 may be used to monitor temperature, relative humidity,
vibration, power line quality, operating states of various equipment, such as whether a
dock door is open or closed, or whether a certain device (e.g., motor) is active or inactive.
Other parameters, such as environmental or other phenomena that may potentially

introduce disturbances into the reading of tags may also be monitored. One example of
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i ntroduce disturbances into the reading of tags may
al so be nonitored. One exanple ofsuch a sensor may

w0 p@bisise@n RF receiver for detecting and noni POY/USIP05/029149

anbi ent RP energy that may disrupt the reading of RFID
tags. The feedback control |nterface 150 may be

conflgured to send a nunber control signals 152 to
ect correct I mprove RFID syste
Pt SFRahERY m&‘ ofeFé‘ES%f f%’ Wg@%saé‘é H%%‘&P § ggpient RF

exa th§trh%ne Cgfmelremmxm af0 human operators. For

ntrol signal 152" may be coupled to one

f th h
the poner | /et Bttt YR aokleRst e momber of
doR@ABsigdats 1 2 to¥R RtV RetHEATRS iInRRYRS RFEY @st&@yer%nmce

reduced, for example, to reduce unintentional
dndfasité espeniceroedssed aalysicalresulte ks exteial systamsiod to bumiameperators.

b RimerPeanielsphl T8 17 Bhaterttd Bl ot et Rtarg 2o alow he
é%ﬁérrpﬁ)()' tB%Hﬁl@ﬁtﬁQ pb®et 1@%1%@%& Rﬁ@ghél‘ﬁ%brﬁf@@@ ?fthart@@esawgz On

tags in the read zone of the reader. her power
cbrexhehd ,Shotdadedywen devebhmeyl boreddesy, farsadmple, ﬁortpdmcemﬁfﬁbxmonal

. d d f I f o
oAb b e ey E&a@éf@mn%?s@gst eSSt R Bprally within
thd PealdSrofit 8P:he QML Aok %@otﬁefﬂaa 9@%@&@3%&;}6& AMased to

a paraneter database 162. EI S ex
idatadeabebkelibOed 62rendiyg plt tags detha readmmse bf)fhﬁ réa:der d&lether power

col |l ec py the system 100. For exanple, the
15Y%@@§@<§lge igtsasgyordeeisrsd LD APPIOF AR LR Systéapetomaange may be

AT BREThs PR R e AR ST Lna store
dat abase 10 BPCERE LD RSB SR AR T s

P b Ght Rlabd1 882 PIMARY %kargﬁzle RRE Hé’cﬁ%% B50- 86 28¢ pﬂﬁi‘i& a rep051tory
(stored in databases 20 is associated wit

fpadata collextedtbyghe syseenpil O eE@mxamalc theqrecesdve 190 anwss«m:ive
ReflogPReraAef SO s CHIL Serti St PPl Becken € datp using
IE&&)dS-Eha ﬁﬁl%%%ﬂhe& %&oWachﬁtheeché R QEREIMQRe ﬁl%‘%@ésif%qnto the

fromthe sensors 14 n fhe parameter database 162
woﬁmanmcb aldiabeset1$0 or mﬁmqmn]ed daiabhded 8 e WHendrmdlie e1ther product
tric

b etnse 1 aiad e (orodon Yataests 30 2af s Sitiodscish  particulr
%% h§P1§%gﬁ§5 r o) &6@&1& gﬂ)c%?s%d B ASARG ih Gy \thdt Iﬁﬁlqgely associates

or ot her erence I nformation; suc
tharnlfmmmhan withckstaledtag idemif@di, such dn BPCcenter, or a

particul ar piece of equipment. Such associ at ed

i nformati Whe@?z‘cé@%ralrlﬁ|rﬂa§f%@or\éﬂlﬂfﬁnﬁétfbﬁrre(€é‘i’s}eh%rﬁﬁle sensoE)s 142 in

i nformati on, for exanple, to |ocate the source of RFI
tby paremeise ditobasan 62 b ssiheegrgbodiments, information collected from the

parametric sensors 142 may be associated with a particular reader in the reader array 12,
for example, while other information may be associated with positional or other reference
information, such as a particular dock door in a distribution center, or a particular piece of
equipment. Such associated information may be analyzed with other collected

information, for example, to locate the source of RFID system performance problems.

Collected information may be compiled into the database 124. The
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Col l ected information may be conpiled into the
dat abase 124. Theinformati on conpiled my be processed
w@eoohiobt3er ed accordi ng to programred i nstructiPCEUS2005/029149
executed by the processor 110. The conpil ed data may
be stored directly into menory 124 at the tine it is
collected, or it may be stolled or derived from
information initially stored_in another database, ,such .
infpsmeeTheaBRElsd pmyhe Pragresetay llisred SCpRAme 4Q PRy AFned msiructions
dat.a c | b i :
BT AL R3SEEIRME, Phe EREPRAGERRRRL oo fitpel Arcelf o pmemory
1 et ey @ds EslRmedNéior may be stosddosrattrived fromi infoomatadri initially
carrier, such as a floppy disk, CD flash card, or
storggdn ansithastdatabasea puchss éﬁéﬁ@eﬁ%@ﬂdni 10 9F other [Gxiarpaly database

o B ; . L s one T
SRR BFPL Doy DGR LR0nTs S R, Ok friarion
mpbé teckiFedBbRGnoamgtiotedoly ohhe bty sheie,1dch as 4 Gappy disk,

time. In some exanples, the processor 110 may perform
CDoflgshicards'or papecersesherclats storage ey ereyicea Ip pomp gmbodiments,
database 124.. In _certain. epbodi t 0 .
thg Oy RGBS BIEAEY e Rk O Bl e Gl e b

AREGE 1M 5 P FsdBelddeitcd HYtRE RFED bieerh 10 &1 7oAl i@, &Ssdntie
I's being conpiled into the corrE;i ed dat abase 124. Sone
2t ik}

exarpies sthie proassspr 446 owly aeefornn Loff-Hnw yeedsgine pethsgompiled data in
received with other information, such as EPC nunbers,

the idatabaset 18 mat i on, 1 ocation information, or other
informati on so that analysis may reveal neani ngful

rel at i onshi gsstainesmposimesas, AhaRresesordd Nenr Geeds PR Adly
filter the j.ncom . o
s B SO Pt 2 SBTRF A i bon
cotApile )intb ThOEdTRiled@Matabhdeei24pISoaR IS0 drgsiigyhay Besouides the
_devel oping indices or other netadata on certain .
inframatien being trceive@ it ather infernepiionpash ap EPGHIEIP e tESas e

. searche be. 1 nproved. . - pr i
aiSiat A e i  EE

A SI SlatibAshiRMBRtvPEER QR RS, SbhBrdcedsiteby Hlfer(the coming
a tinme stanp) may be associated with sonme jnfornmation

dats, ot exasniieito gedudeleaflupdancy er theelintipaie nomwpelel (€@npmullivake)

R OB bR B e AR Sl o
cSRH 58 8metRH} RfistiR the\WiBbARAy3BRich B4tabdie sdafchtd mafbe@proved.

processing the data in the conpiled database 124, the
Ofiren pesspioceskihg maybestesfoemsbipeforhattan duild thel qoznpilgd database for

npry | ocation such as the statistical anal vsis .
Br tn 6 FFDISETH B Y OTRUOR (s f OPIS mor BRhos ociated
wifi sb2k qﬁgﬁﬁﬁ:ﬂioﬁ%g itSt Béiﬁ% Higd b Hle R4S Wille ESMbiEHE @kmation
access by various utilTties, such as graphical display
inpd tigrdatabadeor24, the processor 110 may request supplementary information from

other sources, such as the WMS 38a-38b, or the IT 40.

After processing the data in the compiled database 124, the processor 110
may store some of the results in a memory location such as the statistical analysis report
memory 126. The information stored therein may be formatted and structured for
convenient review and access by various utilities, such as graphical display programs for
generating graphical displays on a display device viewable by an operator. The graphical

output may be updated continuously in real-time, at periodic intervals, or as requested by
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generating graphical displays on a display device
vi ewabl e by an operator. The graphi cal output may be

wapwavedeconti nuously in real-tine, at peri odi BCT/US2005/029149

intervals, or as requested byan operator. Longer-term
or historical results information may be revi ewed by
the operator using, for exanp e, a conputer term nal

or other input/output device for accessing the
areg@uetiton gLonpeoterat ordristorat tesdlissipfoamsatiommay be cevixovealtby the
graphi cal qutput capable of il|lustrating trends and
QRERIAE USRS, é@rneaaamf?, ﬁﬁoma\lqebwn@@ﬁmt & Mpyteuitirug devigg for

r i . . r it .
B B2 A5RNg, TULERLLMABAEY Pt cupu
apeable biflsteatingl tednds an dtaxisriiforamtion ipvaes geghhicels tdbulr, or other
fall outside predeterm ned acceptable |[imts. In

LEQONLIE SPrniass. @gla!coeﬁigwsaw b Gyntater 6o ndigieatheioprameters or
e g e S e

seostadalibes | evel s of conpiled or processed
i nformation and results to the m ddl eware server 30,

the WB 38g-38Riondd %Shgl%%)]-a fihfo R, aa_%cédﬁfeEBHBEicgﬁhbﬂiﬁes
may be sent on a routine basis, or In response to
meybesthded mehe pfstanmrd®0. oFommymales thelsgstamrin0whegrbetdoafigured to
processor, 110 detects certain, predeterm ped X
o aﬁltl%rl%‘(e%swfrcogwé pepropgssecigosaation %fﬂl@éu%mtt%@%nddleware

' it aLt i G ey f : nﬁas,qﬁ
%g%g?brﬁa%lgwg %g?e%f é%ds&? I%gn sap ?s?g%tﬂ{)@gn%@% 0 nar?glcﬁet,eon 2
fohnete basivessagespoaye toaeqensr dihe dnfardat®anhayt dsd besedfBhen the
38a-38b or FirmIT 40a-40b .to notjify appropriate
PeresseinEl0 degects eortaivpyadatemined; copdlitiphy. ¢ ayexawplett thejppgformance

. i S . e

SRR M 3 AP RS ot BB Pl bitngd spdgve Les than
dabistabrorE@E Rrinitce) CheR i thadVaple nyeQenéiatedrimtigent t6thd Wad$ 38a-38b
attengted bg readers 12 that may be attenpting to read
eragEm &F 4Pmd0b i netify pprrppriste petsorusdito, fasexamples fajeet dgthsy use of
t hese e iL.ffer '
e oS B e DOl Ph B R PE R To may send.a

el sphdl 352 eemtichicele pOweflBvesadpt theGfunibes af tehdks dttegnpted by
source of a performance problem sensors 142 may be

saddrs 42 thati map bpetiempling torrpad tagupidie ansajigfapions lot code. As

l.ocations,in the environnen the RFEI.D system 10. I.n
R o e L RURE B Pl Eortetve SRS Bl i 4tn when
@ﬁ&fdrﬁlaﬁ&eo&ﬁltéﬂl?%bléhﬂyideﬁtiw of the readers 12. By

coll ecting the tenperature around readers 12 at

various | O%@tah%gl&m]%lg o?lo%iaﬁﬁ ﬂh@#&ﬁr%@ of& pﬁl%nnafn?é Problem Sensors
exanpl e, the 1Tnmpact o ten‘;%ra ure on e pertormnce

pf2 hadbe/édtfighred @@ d@asurertampeeataiet af varioas locAfid®rin the environment of
i dentifying specific readers that have :

the IRFEP sptiea-1Pe 1a oeecpeedigenapideash poBe tmperatwies sergrc kA2 are in
cgf(gse%rgflfrﬁtg L OBAGE of the readers 12. By collecting the temperature around readers

12 at various locations in a distribution center, for example, the impact of temperature on

the performance of individual readers may be determined. After identifying specific
readers that have temperature-related performance problems, the source of a performance
problem may be located. This location information may provide additional bases upon
which to select corrective actions. In this example, potential corrective actions may

include: re-routing the flow of articles to readers that are less sensitive to
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probl em may be located. This location information may
provi de additional bases upon which to sel ect

wW@eosesBsve actions. In this exanpl e, potenti aPCT/US2005/029149
corrective actions may include: re-routing the flow of
articles to readers that are |less sensitive
tot enperature-rel ated perforldance degradati on;
replacing the affected reader or tags with ones that )
taneerhtesssrebeesparformanes degradetiert; ueacingthe efestadraader or tags with

Ogl?es(e;tggtgqg.tg Eesé g%%gi)(?/? ttcgp 5 reattl:%;e e l&éﬁr&&” @%,:Sge{]d%{ ﬁ)? r'gguceat\é%erature
ﬂlﬁglﬁ%‘ﬂi&{s 'r(g.gt %@éy £56 C(:fo@ﬁ g_@érﬁé tr(?wdmg bl lRehpbAfure i@AMation for the

anp, o er- HVAC equi p adj usting reader power
réeele.d. pconding éms heat ldny, or ethze FATAC equinmical); asijusting reader power
i ncreasi ng the nunber of read attenpts

1 - : . v%ré%%ng th 3 —

18} 1 GommpepabeI e HPRRAREYAGHPIS: INGTRRSRE Hha igther Sfjead attempts;
. . _ g

SATISAER A5 S Bl ARGy s B L o

beiy ub&d. UFlede branislelueprebdnt serhé poteniid] ntigggimnatrategies that may be

variations_on_a particul ar reader whose, perfor nﬁe
usedstoyedyre; the aifeot PEtPMPSTAlWR IPTIIHADS 08 & 25 Adst Whose

vallati ' l.e i s _h .
YRV BREP D Sop el Y SR LRl gy s

ek ivRple illvefratéa hbw wbrpaiemetienssnaobd iestdon by atdigissyfshempact of
100. In various enbodi ments, the RFID system 10 and

VREDD prerheseiseabecterbby thesysignd0%t em 100 may be

configured differently than the illustrative

enbodi mentin ehridils@mbbdinkents, thealRiplDesystear 1 @asl RFE perfeymance

ST T
Fg;‘} Er g;s;lts %ﬁéﬁ{ e V&?@fstaé%é?néhfts b @Koﬂl&ﬂélt@d S{'E BihSle IcBrrpliing

em 10 an e RFI D performance nonitoring '
platfoensubs aBingheseivep| destenp ed laptopdicstpitdyu tAdtrmoivplys ¢entgin of the
platforns and may use other h r%e and softwar.e, .
waﬁ@mslﬁi‘;rﬁ@t% Bthe RiJID prsgem I gﬁpg ’ PR ce monitoring system

i: I .
AT B SO LBk Sl ARk ot v
ahl €0l @Rt dING Yetash RO daptops) huhifiaotrs s dpgmmabidogic
and/ or wreless comunication protocols, such_as XSB,
cenigiefesbthl.Cordand heldmopmptiag deyicess Righ tagson AT inE 4KF. ofts Stch, the

t hods i nvol vi e i nfwar E [
L ort o P B SEpinlsbll
26totsB) BBk B BSB| Bhatsith gt $ 287 Eihaher @gehdevhmamicatiomgethods
with the menory el enents 120-126, or in a

n
invnitingdor ompie BEprAaRE @1itisgeicie P, eghtreses 20-24 and

PE T R i
RMneY 1060M6, BFF hﬂn%j%ﬁfb[ﬂﬁﬁ% 6f ddpaiatcdtbiage deviedd. Storage devices
y

Exenpl ary Suppl ain_ ’ . _
may include any suitable memory devices such as, for example, disk drives, flash devices,

EEPROM, RAM, or ROM.

RFID Performance Monitoring in an Exemplary Supply Chain

The RFID performance monitoring system 100 may be used to monitor the
performance of RFID systems in various applications. For purposes of illustration, FIG. 2
represents a series of stations in an exemplary embodiment of a portion of a supply chain

in which an RFID system may track the movement of articles, and a performance
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The RFID performance nonitoring system 100 nay be used
to nonitor the performance of RFID systens in various

W@ppbiogmsd ons. For purposes of illustration, RP@/UR005/029149

represents a series of stations in an exenplary

enbodi nent of a portion of a supply chain in which an

RFID system may track the nodenent of articles, and a

per f or mancenoni t or i n? system 100 may col | ect
mnﬂoungawﬂ;@nd@@ alaedol perfiatianee- reia’qcftméorma‘pbe Whig exarnple may

SRR Sl SR SR LR B30 G bbbt s o
dﬁ“s%n&ﬁfonlcenﬁéhmcdammmrm GQ&Qﬁa}n‘Pé/re@@lvéc?%ﬁiré/&%d $1aE®8h pallets
and placed on pallets for shipnment to reta
foushipoment $0 rdtait custcanqs$, dor dxampl s exanpl e, the sequence

of stations begins with the receipt of products,

itens, or Iathib 6x@5plé, shd@qhéme o€ stallOs beging v¢1ﬂ1eth8lr‘éo@1pt of
system In one enbodinent, the sensitivity of the tag

predpctse taas, elfrﬁ‘tﬁfé@ tatbe dragleagk J05rinp 1the R§Bﬁ §yat@m+ {5 opgpgmipsudiment,

et er. ned the s on.21 ta i ng
(EiPoTRrat b e Balb e i e dlarBhalt, FRHEPImie
deRhBIeA 6Lt HeQtdioP218 (or dtherSeABNE va[fﬁﬂts $netl§bc§ teRdt velll be
220 may be a prog rann1n%§stat|o at prograns each
desngibed! trhdedail de neferen¢entg ler Palln sambemnbodiments.zesstatipnERQ may be
code. The co on| 20 r ead
oG R RO PR GIPBHTE 320 beGgY AR HARI7 G S RupRe such e
BFPOARKE. BRE. cofrﬂﬁssﬁ%x%@ﬂtﬁmn/itzot}ﬁ?a?%@i 259 @Bt My be configured to
station 220, the tag may further be uniquely
" psgon Athe dagnivith therdssignet ERC, fabernpi eAptho doumisseonmy stétion

23behE 4 TRR O B IR SNGRE MR R oAb gpercduct t
Wd‘gﬂ{lﬂb £ koot d (%f oﬁl‘éﬂff@@@f} I%)ﬂ:datofj ahabasean Qto??na%r Egtter };hse product

ases 20, usi ng a conputer term nal
iforqmtea dand HHﬁmeﬁh@tlmyﬁir stordge. in Salambage, sldh asfthe detglmses 20, 22,

functions at stations 210, 220 er f or med
by y$i8g RSMPUEF Lo e FiegpiFOfP @gfﬁkﬁﬁ g anpl e,
the manufacturer nay apply tags to the product,

progr am t Heneseyeligfthese Amepmseb giationnl & @2@ ryhe petfermed

'ﬁﬁa?%%%ﬂhv'ﬁﬁ/ g A o Bl R P Bl e by tas 0

IR SbanRE, B fHerngsthﬁl hEPC¥BHS, QRd dBtelhiRe %E@Jeﬁﬁtlﬁ’t:}l &F the tag.
dat abase 5 or ot herwi se distributing t

Tha foanpficiuoer mutdihtammaldq: thisrinfoumataon avedelde fo écnmrstlaemﬂSFID

VPN | | A
SYCTSY B TG i ROBTR e B B S Do O R R Be
dRvheR) W heorkBgoshath 'tl%'ﬁl@tﬁ@utld’i‘ﬂ'@n%?téu@ﬂ ad by V‘P’N’or email, for

i ncl udé other tag or product information. I'n one
eearbpldi nent, the RFID system 10 or the RFID performance

Accordingly, information to be programmed into the tag may be sent from
the RFID system 10 to the station 220, and optionally may include other tag or product
information. In one embodiment, the RFID system 10 or the RFID performance
monitoring system may send configuration information, for example, that instructs the
operator how to apply the tag to a particular product. Such information may reflect a
corrective action resulting from an analysis of performance-related information that |
determined that tags on a particular product could be read better by changing the location

or orientation at which a tag is applied to the product, for example.
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noni toring system may send configuration information,
for exanple, that instructs the operator how to apply
W b@e3uged o a particul ar product. Such i nfor neERCDOSI005029149
reflect a corrective action resulting froman anal ysis
of performance-related information that determ ned
that tags on a particular priéduct could be read better
by changing the location or orientation at which a tag
i s appl i edfurtberninze,pnioduation bont i dagslaed Fueit dseomasedproducts may

i nf tion about the.t t [ i at
b P ere ik een iy B AatdDahar BRev RS e ace
r fdee,r@hi'sqnﬁﬁqét% hBELSHSTER HAQtatfHES 2082 'f&e&lﬁag%ﬁy. ?%trher

I nformati on may be 'stored in the databases 20,
indamgpioa. mat diwr bd nef@vaddtdro vameus sédt®os,vech acetagddt. f A dag list may

vari.ous, statjqns, .such as .a tag,|list. tag |i st
CRRHRS 3Bt pll She SprialauprbeRdn & spiln 2tAuhpkiess t%regf:%r%@/yea reader.
TE WD%&!stEﬁgl% og?%a‘?? W3R dqad BAGRIM a,n@i’ﬁe&?%ﬁ% r?f tags to

system 10 nay conp e received tag list w
detepaint éftbrbihsdts mhy bagessing. dht KFiDperfofmgprce duetiteringyysteen 100

m ssing. The RFID perfoynmance niforing system 10

TR U RAT (RSB TE YRS hetteg bt cuth atben m@%qanserﬁwef tags are not
L [ eterm ne.i are not being
b%%g%%ﬂgugE€BQW%ﬁ%%éqJrssgﬂggt ed i ssues. O her

stations i, the distribuytjgon .center my send.and. . .
Cecei v i (BT HATOHR IS FStrRIIEy Sonlen miesend and fecgive information
wWRaHPsRterh 160t BOBisRkEMPIEXthe T4 UrPhex@r&liak QMR 225, where
wher e products are aggregated into pallets (or simlar

petruptsi ang aggregadddieto) padlnd (vr simpecshipping @stdigerf and wrapped in plastic
hi ppi ng....Th [ | . xed (i ncl.udi '
N

: ot a an :
B B o e
nfaberiafza bh et anfiganatibe ofithe pnddustd eithin As wliets mayie Unocstrolled. As
of RFID tags .on_individual. products may vary, and the,.
suclia thedpeatiop OSBF{%%%S%}H%@%M% Ry oY VY Aadhs Eapdalifiy of
I : [ t .t b s
R e spbie dnd kg B (o e i thSotl e it the
patietiof goodsy Asyestdipiyl, @k parforsante eotindingBiten 108yin some
exchange conf}iﬁg}ur ati o?l- related information with the
cwpgdimsAtsppay exciapgrcopfigyation-related peymigtian yatk the gation 225.
exanple, on a rotating platform(i.e. spin table), one
or nore réadhe produst iHbeing weanped,igr exampe dntaretatng laform (ie.

SR G 61 & i TRREEES Y PO TRRABE SRR aRT 19 o) SHRabpler As such
thQ9e h'y}glr@efdf nﬂg%@lgxgy géc %)ﬂot%ﬁleﬂ SR HHeTAA D fer RAnh LSt kA8 system 100.

spinh table unction of several paraneters,
The efficasy sftheregmegs of pulletsen thé spintaid magbe példctodn of several

configuration, and te ral_ multiplexing of multiple
PRILHES SUFl Syel S&’F?fL HHnB'gFFeOféBWI‘O’Pg B tégnﬁgﬁ’éa%‘tnaﬁﬁl‘i)’i?mpoml
n%?tﬁﬂeﬁtfg of multiple readers arrayed around the spin table at the station 225. As

suggested above with reference to FIG. 1, the system 100 may include control output
signals 152 that are coupled to the spin table controller and the readers to operate the
station 225 to improve RFID read performance without unnecessarily slowing the

operational flow of the pallets through to the next station.

In this example, the next station may be for stocking the pallet on the shelf
230 for subsequent shipment. When ready to ship, a forklift may pick the pallet from the
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suggested above with reference to FIG 1, the system

100 may include control output signals 152 that are
weowplaided 0 the spin table controller and t he PEHUS2085/029149

to operate the station 225 to inprove RFID read

per formance w thout unnecessarily slow ng the

operational flow of the pal f®ts through to the next

station. In this_exanple, {

h t at.i .
Sretigahs dysamecpdigeniohe RRIcE RaPs Bisg MRgF SoeesSin the shelf

shi 5 o 8 R P picRink ¥ thdvirdg tABpaiklt C ntdheboard
Olb%fqgggilrs oo\r%%l?%ggﬁ%ﬁ?{r@g@? tl1EI1§1)plscgm QJErr‘ododigmen g, t he on
chnliBtation dheadmpyicd sysean ety askat it eshswiit the tageliss Frelthe pallet to
or a reader 215 on-board the forklift as jt | [ ing .
therR FFB\aystgm Kefop senificatiompurprses s sy 1@11%5?1 a collection
conput gr syst | t r i liited RFID
PFEPEneSst Tt B0 he ety ook FE S sbalidfud e B R
SR OS By cRAOEY cdrimihie dsmsarinchi0! hfrddom foottaepld, osing
purposes. As such, the forklift conputer, operator,
wirelesorpniroamehtioaader, and the RFID system 10 may
exchange command, data, and control information, for )
exanpl e, Uséomge shbelimeas,dheprodiictaftavoinsludesresding the products with
enbodi nents, the. produ | ow i.ncl.udes .reading. t .
sproauetsng weﬁlﬁaatgo@ga@re?éi@%ug#eﬁoviﬁ}nﬁpi%f %QU&EEE; shipped
Y i thdyU& plaeddéh FIEKIRES have
f(froeF(agé‘Q%hpT?gk%{ﬁetgc%Oﬁgm%[gﬁnmlfg&neagt %f articles ‘as t hey
si@hificilcB e eingle, 46 basinay phavessesisgeli 4d inamaee ahd invoicing.
exanpl e, to business Erocesses,_su

h asb?i nsuE.ar]Lc(ﬁEand
Hommeatle Reqyratpiowiicarion gt sepmbans, Ayirer caay; 05 FOgPIFFIgfRy numerous
bei ng_shi.pped . | - rs9d other
e Pa AR A T AR AATE SRS YRS, Iy
e hes, dhanddsiid tenpriduretane relamtedtuniidienss, the Haclgdeori2q0 opens or
tenperature and relative humdity ,a%ﬁt he. dock door 260
clopesy siechanidabwibntiopgefiarfieaaenayineisg i} B, oy AR FRe P g\?éi’-ﬁégfs’

.noi.se in th i ron ‘ L
RO P ATERE OB ARG L 868 ot

{HREb&eREs A9 lof thEGestRi etiols) eatousat@urt Bi2smay baennfighred to
the reader stations, various sensors 142 nmay be

peoidd pruareetrit anfproaationdo pher RIFEY peréormanes maRiismesystemd 00-

RFI D performance nonitoring system 100. At any station

that provixtegy enmol that atdvides tomtrneickidogbe R rwaermance
nmonitoring system 100, the info tion received Erom .
RGO BYS i% theywfqraetipn Fﬁcﬁlaeiggﬁ tﬁ% S@ﬁ%ﬁlay include timing or

i nf or mat | - [ | Vi " T Ror
R BB LSS e forel BETRRED pRoRfee;ihERe ek
RRRBlimt hiserigg tepdsyente cohalaties pevfdrmapee ¢haogdsarith particular
paraneters, for exanple. To the _extent an Eerf.O{.rragf?S d
Deeanantess.cfor exampde. i bo Shecafrah allwfquﬁﬁ?cesfi%’ﬁ%{‘it IYargHeRpdFpend on
tﬁlgez 8{1 AR g 8?%% énqgrrﬁﬁl%g ) BB i Meith i £BIEN accuracy sources

of performance-related disturbances.

In an alternative product flow, referred to as tag-at-ship, the product may
proceed directly from aggregation at station 225 to the dock door 260 without being
placed on the shelf 230.

Accordingly, FIG. 2 represents one of many possible paths for goods to

flow through the exemplary distribution center, and it depicts only one configuration of



10

15

20

25

30

of performance-rel ated di sturbances. In an alternative
product flow, referred to as tag-at-ship, the product
woreyepsisdeeed directly from aggregati on at statPORURDB5/029149
to the dock door 260 wi thout being placed on the shelf
230. Accordingly, FIG 2 represents one of many
possi bl e paths for goods tolflow through the exenpl ary
di stribution center, and it depicts onl
REmmamnsan ihrdigfiRRIcD csnter PHAMICT YaiehRUSSi i? Pﬁ’&a gxagpples,

nter or ather rehous ; '
p% uivcKealelyTiianiit:d IS%A%?IP RS g)lslefclt %}exﬁ%@%@g -f‘eg'%fgtll frfornftion with other
ccﬂl?i%?ﬁﬁgﬁsn&ﬁhé sl@ted, hirhiur @t dpefatiointof tied REID stations, as well as in

i gurations of t he sequence, nunber, or. operation
applicatives REEDYisnEeigwsher dngeuppiishaia Oaagﬁllﬁtfé@%t}oéﬁnf&’f For

s A g gen e Rgpa SRy b SeRuPeBingt e tog has been
cgﬂnﬂsﬁghé’d Qfdaip Tl&gtor%iogﬁctﬁﬁﬁ&%fﬁﬁn@fzt) erstsheh, Tt}&gsdnaﬂvﬁy
een

comm ssi ned and applied to a product at the
meisatdnasmt 3201d refect dodhsensitivtyselfitbe targ\,a,stlt},wﬂle‘t&s\{g}p@rpéqqghed to the

woul d reflect the sensit y of heta
v T o B eRE T b pioaran Qi AR fakg o boddint he
o%%&%neﬁ%ﬁ)ﬁac@fn%ﬁroﬁf?@!ag C&t\}v&pas%‘y'aﬂ“e@'tﬁ@plto@&& 1tsBIf @nay have on
account t orientation and placenent of the tag,
th&&bg s esiainiyy did echctbtseupl exiwd contsed, shapayoragial @ﬁt@élh eln
s sensitivity due to factors s
ams reenPlshiisdag %ﬁnslﬁﬁ%ﬁnalégfﬁ’fn&?&m Oqﬂﬁﬁoﬁe "}ndg%ﬁaeﬁpl e,
c%r sg%gm%nﬂec‘{ ¥ {Hé/pﬂmﬁctth?tﬂ%@ﬁi&lﬂobm h before and

oning t tag wth a pr oduct at the
station 220..]l.n additi t htt
i nf or nat i ac}dd 1cerhté) sgg} Fﬁg%ﬁﬁ%@ﬁ‘gﬂ%oﬁ ?(9 2&?%1 1 80 gach station
ufm V168 d8adshEe %a%g %a?%o%bﬁpomn@ﬁﬁ)eﬁbm‘mrce-related metncs such
er

ornmance-r el ed metrics, such as the follow r}go
a$ thaﬁo]ﬂcmnng atin@0oaaid S0fe of@ggagsnn thedag Bﬁ 1img fo reaf FR0YePf the

d 100%.0f th the t |
(5P T e bt Base RO s e Bifter biRadBiibrs for
egﬁlct?%t @)ghergefb% ta%@sr&fiﬂﬁeaiﬁ%sb@ﬁseﬂl §fiRh ﬁﬁﬁmb@o hi%do%,lidl%, 50%,

me toread 10% 25% 50% 66% 75% and 80% or
66%4)§6%y ahdiB0YeAot dthrer Value. tA tieng lipat majab@gla@ﬁd pyanegr i qf the

of the tinme netrics,

e st ki tead 15000 BEeubi " Ol PR ap o sy flor
%21}18 t§ B heq él‘ﬁ@?? dugitd oﬁafr@ddbﬂﬁﬁy bOlnadld RAEET eff@Yively. In

0 rea ectivély. I'n sone enbodinents, a
sbﬁa‘éﬁibo@ﬁneﬁat a edadercadket sf waderbmay batonfiguead oG e grosp (such as
rou such as a l.et) of t f de
O ol e st B SR R o s
f
oy Tk G FERE pphla g Mo SR B TR AR AT 28
peltbRhdRE irelBten ﬁlﬁunﬂmntpmmm toythe eystebd 000.

An exemplary method by which an individual RFID reader may develop
such performance-related information while reading tags is described in the flowchart of

FIG. 3.

In the FIG. 3 embodiment, a reader receives a list of tags for a group of
tags that are to be read at 310. The group of tags may be part of a pallet of products, for
example. At 315, the reader may make a predetermined number of attempts to read all

tags in the group. The predetermined number of attempts may be 10 or 20, for example.
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An exenmpl ary met hod by which an individual RFID reader
may devel op such performance-related information while

WO e@diosiged ags i s described in the flowhart of PEI/G52085/029149
In the FIG 3 enbodi ment, a reader receives a |list of
tags for a group of tags that are to be read at 310.
The group of tags may be patt of a pallet of products,
for exanple. At 315, the reader

JRN Sy tie gt oS SRt Rk SR e 3 & tofrreddg s its" for
SN D SRR IS YRR 15, Wbk . i

re%HHP@ fnfQinaBibe Q&za?o% Wloré® aflkastatdporaglyeinrthe perforamnce database 160.
hits," for each tag to the RFID performnce

moni tor i ngr, ? Oﬁf o8 104, n%ﬂt dt sﬁ@cfe%ﬁﬁﬁi%ad &gEhﬁy bé cofnPhr®d to the

reported I nformatton be stored, | east
ligt MR @kpdcyed forbetih mepmtletqonamecmwa@ag@rQWg pletres). Afless

32
thep %pmécgger%gle@:%?c}ep‘gafge B? g}?pgétzf gal}éiley @edepgggi then ctngnued attempts
a%bé %%aﬁé% r QM A R ﬂagJ 1309 TPMAL R 11RfpréRBSninddfpercentage

predeterm ned percentage of expect ed tags

hieeen ?&%nﬂfeﬁ@lﬂ% "tintersqeiesd to met&ﬂhaptadn’{:ﬂrmmndpeﬂ@entﬁg@ gnayobe
read the additional tags at 330. If a

rmeGdétabﬁﬁ toctlie psie ﬁ@%ga@ my thiwehe sterk i PR gkt TpHgRnoe dpigbase
1 ﬁ@ \?Sé ghaéxt al]%%%ﬁj% t@a ? §;h %g (iIeeRleag %%g;ﬁtglﬁ g ﬁlﬁﬁtyg Q@tem 1S

cﬁécﬁé&fb deR if J‘ﬁre@@c&ﬁﬁﬁéﬂiﬂﬁe lichittfebmsleing 6€xd atferrpessies bhemreached at
of the expected tags have been read at 340

345 rrIfrtge s tiemit has nehbeskaerched, dben additiongh atisEpsy 1 fﬁ%‘ﬁ all th tags

t| lim
R s
h@?ggér' ﬁf‘@f* th@Hg@ MRy SbdeR réa4 320 théd) et Bé(gsh&wdér&emthethe "time to
no time remains at 345, then the read
redd mm"stgeh?lzg% pAdormance MOWEIE, sy@uem 1690, ankthe gend pgeRss ends at
een read a t 36
A5 b e o 5 Ry SRR e e

p%¥f C;ggtab%@q@'he read process ends at 370. This
rme to read 100% nay be stored with other

per f or manrcle Eit'hé;l ‘% SthP Fdagef g@c REiAPARE ot elds that are

I n anot he e rea not receive a

e'xgédtecptfo Beagad hsh@etscﬁrea abupeatiad. m;tdsrd theaeades msaticmptet@ read the
ove at 310. Instead, the reader nmay a t..to rea

grive offtogspa predetatysined pwrebeétoétlmeﬁ@ad ﬁhﬁ%@lta& aft lﬂ%%ﬁ%ﬂtalﬁw& the

| i
ST R i BRI T RGFTR, i R0 10
1Bl Hphnghte ot ?Fsysk@mtl be peiddviom fdeacadeninayrsembjinformation
systiem 100. I n addition, the reader may send

to niicosysteti 110 framtwinchsthe system 000 mep determEg theeer bywange for the read
a%t%?np’rcns%y Suctheurl rr?le(?tmtnhnela 1%51{185 We%(%mfp?g Rt RYf read attempts,

time stamp information about when the attempts were made, and which attempts were

successful for each tag.

In the above-described example, certain algorithms were described as
being performed within the reader. In alternative embodiments, some computations or
decisions may be performed, for example, by or in cooperation with the RFID
performance monitoring system 100. For example, the time needed to read X% at 335, or

whether the time limit has been reached at 345, may be determined by the system 100.
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attenpt(s). Such information may include, for exanple,

the nunber of read attenpts, tinme stanp i nformation
wW@bwa3when the attenpts were made, and whi ch BET/E8DF029149

wer e successful for each tag. In the above-descri bed

exanpl e, certain algorithns were descri bed as bei ng

performed within the reader!® In alternative

enbodi nents, sonme conputations or decisi.on

b
Tipextteomto, rohdrl B8 bl 0, 36 M8 bp MOdEIAP FIONF Whf SRR 400
REI D f i i )
SCpARE Foh oS fo (RTLLAE | P6e SYALEMnA iR PAARbIEat 315 may

bd ddit ikt yRee BystdAThEBasall 084Gt exmyplbendeperted ereaf 1bie, and
the system 100. The attenpts to read all ta

%ﬁt 330,
a[3Oprinty chrampnsidiniayehe geaeraipddp Ve teAET s Bp¥ AN RN AHRLRYS are
read commngiieto h(fmreader. The predeterm ned nunber
wghinthe gaope OF e mict y be determined by the system 100

based on, for exanpl e, an expecte r rate, . and .
appr opr i alnesoswsrATBRAENGRS, I}‘Ei'ee’%@ﬁ&r g‘?ﬁ‘# oSyF%gl }Qipg pend serial
These and other. j.afni b dhdt 18, SistodTRa®hitd foe
R G A A H e -
sif e k& cLle impesp@id ts eachalonmead. feqthes ersbediments, the RFID
"non-intelligent" reader, which ma% send a ta ég}i ﬂfan
pergyanesmppitoraeSysighnd 0P dery S&g%gﬁ BT corg ’68%‘8“’?% ftis
.comand. | th ' t 1P REHde d
BTEEDY s SO0 Bl BECbER Rl 1O RTH e RALLTBEEr rsponds
withattad 84t Bd Arothidfahd gaing 'of hitsmdfxrach tag afeen perfornsng the requested
to

make, to which the intelligent reader respond%e&vvith d
nembexpfireasls. Savheantelbigent regdersyaa ged e Feceye, degerle, an

t ter perfarm th A uRs &%shands fr
ng‘g‘@a{’arﬂc iaﬁéﬁ?ryr@’gcalé)%l g(c#gé}ﬂﬁé%g%n i gurg%{%%éé r%ecei ve, o
tk?:?@ﬂ‘#syst%ﬁgl P6f fhe RAID Gt forrmdide apnitbiing yystennt00. olselligent readers

escri‘bed herein) in'response to c:om“ragg_)fgr fromthe,

i) Or sysh@en leGapable pEpeRRrDNgert AP fapEONF R} P13y OHgTWise be
system. 100. lLntelligent jeaders may, for exanple, be
Pé%%%%yége B%‘ﬁl‘?ﬂ’%? g‘gv?:leg;ot’ ain f unc%/i ons t hat rT.prmy
ot herwi se be perfornmed b%/, the ni ddl ewar e .se,[riiylg{r 39. In d
vari ous i ApNeRERIRPIeEIFalalipRSa FRAFETS R theciiaird i it e
ogg{ajiigé{%y;ogcﬁgr S%BS%E‘?&I%:B% oB¥ca@EHEbrs RS Tyt ChoAén detectors,

ors on a conveyor, notion detectors,
pPE:@RitT bRy, BE bPbperator aktjonsp@raking the titonand eRitafkagsr groups

the entry and exit of tags or groups of tags (e.
of tdgs é¢.g) Phlate tadnd ept oft Fﬁ@dﬁ%éfﬁo 3 TERYFT agyénéfg‘é%@iefs and

.Jdnvolve filter ' . r i:
SO B B B30 e
D& s8adudbeshantd Bs ihgaeeedforklidft mapasvencpsrmanently mounted tag

forklift. may have a permanently nounted.ta .
(or other beacon ory identifier) thgt uniquely ider%fciﬁes the forcichft. gWhen that forklift's

proximity to a reader at a dock door is recognized, middleware running on the middleware
server 30 can be configured to determine which tags are expected to be present on the
pallet on that forklift (for example, by calling on information stored in the WMS 38a).

The RFID system 10 can use this information to filter valid tag reads from stray reads.
Processing Information in the Performance Monitoring System

In accordance with the foregoing description, the performance monitoring

system 100 may operate to receive input information and transmit output information as
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(or other beacon or identifier) that uniquely
identifies the forklift. Wen that forklift's

wW@e@xiosidsy to a reader at a dock door is recogPCmES005/029149
m ddl eware runni ng on the m ddl eware server 30 can be
configured to determ ne which tags are expected to be
present on the pallet on th# forklift (for exanple,

by calling on information stored_in the 38a). . The .
shewinn )Gt 4 nintbis caemples ephosiment SFEYSIER 1%? |Ci%@ﬁ‘t HSimation,
valid tag reads _from . [ i
bl iR, B RS PR Ea iy PRET SR ilhnalysis, |

accordance with the foregoi ng descr i on,. the.

per f or man€ke st 4wy Ei%glf’% \ETTN] ﬁggltf%rglg}lgltl 2 jnputs from a

recerye i ap iﬁ,grg BBk ist F 410, which
ARy 8¢ %’?glf (%eg'n Eb‘iaqgg ovviéw | nkﬁﬁéﬁé‘%ls.ah?{l}&?h%ﬁgi%ﬁﬂ | ar g
pidRrie difiRAtiontfien sheshemet 60, orefyoro sévises suchfag %Si ivﬁ@ and the
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e information that may be stored on data |
istafEageotievictesrkad cleawntsl dn oddirion anstigryrirformeiion may include

exanpl e.. Col | ected auxi.ljary.informatio | ;
VTP ORI P DB T BIP BT SO ey B de R OB g n
14698 ehders, Wi Tt ngl?ﬁ@érﬁceﬁ%ﬁ@tﬂé%h@hﬁ@g‘?laﬁ&ﬁmspdElh&le RFID
Etranet, or other networked el ements. in additi on,
Sﬁl@@éﬁ hoamye héri]tﬂ%f@(?n saftwamfusiedgﬂ thdse G;qn@ms‘ g;aml@rvg iap fupachen the
code, or other information about the hardwar (T
pedtmnareotibRETR SYHES, AseHebrSe YetiAn ay pujet ausiiary
dnterfaces i f i aihfeBance data,
%h%} 35%% }%B‘RV#E gr Ecg{wdﬁg LB adtf RHES vexgRMs, aihfeBance data

rdware or ‘software used in these
u%éjéﬂ@ Ristorg, and vdlation nfpastionnStdenfrematdonmay be odrrelsed with
0

D system As such, the system 100 ma Il ect
change$ indthg perfdroreres ploke B@élatsly/%%fflg]&/a%@ 8%9{@@?’@%"?%”6 changes may
rs, lot co | QF LMt enance dat a,
aﬁgﬁggﬁﬁ%‘hﬂ?@t"sﬂ&%ﬁgﬁéxﬁ‘e‘%ﬁagﬁ?t“?%%&i nf ormati on. Such
information may be. .correl ated wi.th chan ' :
per f or mand® 08¢ cRRdipetyt ‘i’ﬁwl%f‘]’“ﬁ%tﬁmg@ﬁ%’?@dg formation
aggrtdcﬂ?[]o% ﬁ&?@ﬂﬁﬁlﬁ%@f fREt ThEB cABRURtorREtiGHAkY by witblessly
e ¥ Rat 18 Co

ected. In one enbodi nent, the .
(sslticamiom Hpositiat iravkingpsysterinsbizrd Afedpridii Stchiesation
the | ocation of forkli ver ti The | ocation . o
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The system 100 may also receive information from auxiliary sensors 415
and environment parameter sensors 420. Examples of auxiliary sensors include proximity
sensors that detect parameters that may affect reader performance. Such parameters may
include, for example, the approach of forklifts or other objects in the vicinity of a reader,
the position of particular dock doors (i.e., whether open or closed), or the operating state

of large machinery that may produce heat, vibration, or electromagnetic interference



10

15

20

25

30

of a forklift can have a detrinental inpact on RFID

system performance. If it does, procedures nay be
waelewelased to mtigate the negative inpact. ThRCEHYS1005029149

100 may al so receive information fromauxiliary

sensors 415 and environment paraneter sensors 420.

Exanpl es of auxiliary sensotls include proximty

sensors that detect paranmeters that nay affect reader
(Epénf or mance. Such paraneters may include, for exanple,

the approach of forklifts or other objects in the

vi ci ni ty Bfangplesaddavirornhmta) paiaticts sefsopsaA20i reay Belude ck
doors (i..e.

e Aoy St ey s G AR et
en‘éﬁgglﬁﬁﬁrggl%gfﬁﬁetﬁ& §&Hs68 '?ﬁ%{l%t drfank &8 @F doRie@ e {lon- about the

envi ronnent par aneter sensors 420 may
eiviiehmee it evirtas RFE) systerh i dperating baraltwiel) aggdgbieveritp bave an
quality, or radio _frequency devices. Such
ﬁmvﬁwmﬁﬁﬂhwte%aﬁmp% sensors may be arranged to

col l ect information about the environment in whi 042: t£1e
RFI D syst €he systeoptdtaminglso sevdivarifernasioa fgep pachdagader 12. The

infgaHiah DEEG LSBT TRt HEHEE 1o B L Epeeg Y Siivity
1nﬁ1‘§}alé191f1 %J{?%L&ﬂ'e%&\fﬂsgﬁ Gn BYmAtRAGBE St dhiblert RH ¢idezt @ee discussion

, performance nmetrics, sensitivity informtion

oBBIG1) eiffohmatarout theglofver levelo ofrathicnieagdtss (fee simsnssion qRE1G. 8),
energy (see discussi.on of . .FI.G. 7). infornmatio

st e Fayi e SSroiotie e siee (s LGl L )
FIG 8), and information about the sensitiyvi

n ty.of .
i ndi vi duaOnt agpthqdsefanefiitoEing sgager pAwer apd sg)s_ltl éeVﬁEtuﬁcdﬁdes
f. i i d i .
P}P n [%ggogaﬁn g it%g%g £ é aqggﬁg g nf%ga[tgcfégéie %1?1’&71’:(}% {eh?ét fg %}'a%& i the read

zEx?é Alrated 8O sdddbVinky attdiadt tb $edd the edlibrated fag at eadbusposver
of a reader. The reader nmay attenpt to read t

h
levalsitb deeeine apatapowearlévslis rpavise fpethe rederiogeadhitpat an
what I [, i i f
sesretabli et QEieE BRI i b P ot gdFac BrkfRfly and
pp%%pﬁg s He d&?&ﬁ)@&} 188 £ LML FwiteREdrérc¥ itd FIGIE] power
ev e

el's are scribed, for exanple, with reference to

FIG 8. Pef ' i vi
%thgm%?%% fﬂgﬁ%{s rﬂ)lcﬁlﬁhfyrgfélﬁl tggé YhfiRludb e e le, the

i ncl ude, exa he n successful reads
Rfnber $Bgcddkam Radkeifladhg froubedttadf mattice wp atsemptricindt the measured

measured tag sensitivit see, e.g., .t tation 210 .
LigecbiOyit2(scarn ahs siaHPED | b 1B of SF oD G 1 PESo e mefrics
i ndi.vi dual readers i NG e. 1] .
A
aﬁ?{%’ﬁ’#f Sl BR08AdS 8aEItVitY] dnd meustheteamlor palverdentdy. power

evel s.

The RFID performance monitoring system 100 may initially collect all the
performance-related data and information received from sources, such as those described
above, in a data collector 430. In some embodiments, the data collector may be
implemented as a single database, or as a number of repositories for collecting raw

information for later processing, as described above with reference to FIG. 1.

The system 100 may, in some embodiments, be configured to process the
compiled data 124 using various analytical tools. Such analytical tools may include

statistical tools capable of producing outputs that represent the degree of correlation
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The RFID performance nonitoring system 100 nay
initially collect all the performance-rel ated data and
WO pdoesmss0 on recei ved from sources, such as t hPGEUS2005/029149
descri bed above, in a data collector 430. In sone
enbodi nents, the data collector may be inplenmented as
a singl e database, or as a fflunber of repositories for

collecting raw i nformation for | ater. prqcessing, a
batwsay pavatetatsorer mmpl@,éfaé%??i toalmey écfu%? s %a‘gféP%’r‘ﬁ of
100 may, in.SO I | \ r BFS§8SSn and
e O G e S b r i
SRRl biaforingibs Oyr statidticaleost atdydeivsed inttho hualysis,
capabl e of Fr oduci ng outputs that represent thg1 de%rﬁﬁa
inolrdingy pusinat liwred tonEERIIaaRER TSN, BRY TSGR gnalysis tecimiques.
statistical tools may include software capable of .
conput i nglicarter ehtaidiment sndAtiticd nalysiaermne 440 dateynings which
col | ected paraneter i nfornmation

an .

payampisFYResd &0 be rrAwgdi LGV b Sraiere dptadiorp s Gopupiled data 124,

t ool s LN L Srdihd'ed Hroi dinstA@tions. In
B e ek et AR e s
AR RIS dineaf)the) steistichlnanalyeis endincid#4femey baingplemented byprogram
~anal ysis engi ne 440 determ whi ch paraneters need
insuesons gEGOPREPn th@PFQCéV%ll(ﬂ&%ﬁa%net er data fromthe

conpi l ed data 124, performs an analysis, and

i nt er pr et The hetheestital sompuiaidiigay b presyed srdae processor 110, or

i nstructions.

| her . enbodi LSt ,
oRRATYA £ TGN DR e | BEHPRd by of SHL fbuting

eiFﬁx%}l{ éé%)hl!)lg 7 st 186 cORplldieiap! oressodorfeldlionkh&cotariance
e mathenmatic onput a{)l ons may be executed on _the
cac@laws 205, il 1ids exampin Aftertht conpifadatatsiasbeen eralyzgd, parameters
di gi tal  si I .( DSP t ' .
thst it gk SABFIELOR PRt PP RG® PRECEOHT B (WLrgeq Bytieg may be
. at : ' 5 in thi
BEPLAI, MR R A pratis 1D L
P o bR s ond o ROl AR AT Rt ftesponse

one or no ne rrcs may be

16 Ble GRARIrNDsys©RI TR tAVLTRGE! @Rampl, ifahd etalfsisryidids as a result
scrutiny. Further scrutiny is one exanple of an

tiutperforndnbais umayrreletsdite aiofthe psagecd pArametcy tsge system
the system 100. As a further exa 10 f e VS
e
Vs gfxothgeexgﬁﬁﬁ%f%}eﬁﬁ)h%ttﬁé SutplihefMa @p6it Seadraropdsat or
may

etermne, for exanple, that sensors shoul d
moni tor dif.ferent IS AR ARPE&L BXABRbISY 452,
of a respo’lﬁ’sge0 Bt O@@%ﬁ%ﬁ{ﬁ%?n-ggut?re‘iport%ngr ator%g}.’
sEBEaLAbRMEr, OF O atdiplayepetibal gen e tiniude50paplicd esganterface
to a display 452, such as a printer, or on a‘ﬁslspla 4bv th
(G&yri Th¢ GUAamayriasorperate derts, ssrbsrrcather dagy or I@FF%O&JéOTC y the
system 100. Another output of the report generator may be data that is sent to the

middleware server 30, and/or to the WMS 38a. The reports may be generated in response
to a request from these elements, on a regularly scheduled basis, or in response to an
alarm condition, such as when a monitored value crosses a predetermined threshold limit.
A scheduler/prioritizer module 455 may assign the schedule and priority of outputs. The

module 455 may also assign priority and arbitrate the commands to the controller 460.

The controller 460, which may include the feedback control interface 150
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(GU). The GJ may incorporate charts, graphs, or
ot her data or val ues nonitored by the system 100.

w@a@bleeout put of the report generator nmay bePCEHUS2005/029149

that is sent to the m ddl eware server 30, and/or to
the WMS 38a. The reports may_be generated in response
to a request fromthese el enﬁwts on a reqgularly

QD s recsr eyt ony o daati ALARY B bl o
Mﬂﬁ%ﬁﬁl@lo%efa'tlﬂh bf ofte SCRAERAUHQIcEPHItRE RFIE SYstéim, cjdi"11‘?tlﬂa@'i’wnronrnent

may assign the schedule and priority of” outputs.
thetcmbyeaffiss RFEY spdten padsingmepr Ty dutputaod tlmrdmmtrpﬁttré@heay control

SRR bl T e I s,
the Q&ﬂ@er 250 E?té’djﬁ)ydoﬁﬁr%f §RGESH hOfdaMES 12€E)F}Q:ontrollmg their

contr el enen be coupled to contro
oyvear dviesrandf wbsrre rcademnay idevieresith nnd fetiRP] 1y eoynstodlimg the timing

T LW L T T —
t
A58l DR Lo LSSy oSRIER R0l 894es

@pipnieat.| er 460 may be adapted to control some of the
readers 12 by controlling their power |evels and,

wher e 1 eadeSaary Sfudsrh@f 870Mcbhir IRE by AR élﬁl"trollléwzmo may include,
controlling the timng (i.e. nultipleXin

fop examplaniook dpetsdesasing. Z.ooligortomidity sor@rogen al thempyprafiag state of
transmtted to pro evi ces uch as PLCs
Eshpreree iy RSP O e st PTohsl 4 B0° sppdiment, the
KA fipmeli? $na g‘ﬁﬂ‘dlﬁde%dicﬁ%' & 'H%?Iayéfﬁﬁt ﬁ&ﬁy rd%ltlll‘tﬁféloﬁ)éenter

the con roIIer 60 may I ncl ude of exanpl e,
aiwoatsts abewit qunggnt keephdut gomss atmmddndlyldua:lmeard@i'ss Fom mxﬁrhpie ifa

oper t|ng state.of various_equi pnent. t hat i npact
wylasy E%déﬁisrf‘éﬁ’tba o D OSSR e displgy, Suchias on a
I I
ﬁﬂ%ﬁ%&n Yy ST o KR iy iBichiE R B (O e Sl Hiintain
@uﬂamd«ebp-loaﬁpemtwhohn sioudd watrbd entedéd/whieralerrtbadeader isarerating.
exanple, if a particular reader is exhibiting a | ow

per f or mancgs gRdtBdriexampRNa disfinSet ¥y beSeiehatad tOdis dﬁbnse articles onto
positioning systemon-board a forklift, may in ate

et @nvhyan fad alcbntmlledgbstmco of tsezpamﬂontsauthat c@d@mrnadaI@Eemmn the
ent enever {,

FB3aer SRR oBR R LB DR P airepLrdts Likewise

B Y ofRFolRP @5@51%9 chRrSlBOERSByRishédd 18 hcRIBYCmaxifRMAYRghput at an
at a controlled distance of” separation so that readers
aceqtalbig lavelenfRIID trdvkingqevieyoancar e | ess | i keI y to
unintentionally read tags that are near a "read zone.

Li kew se, Thecon@dlleoddoahayidéd Bagontigiited @b cbxhﬁmﬁ@thé&)p@faﬂon of
speed to achi eve maxi mum throughput at an acceptabl e

the gpin tabfle £ weprdirgiorife purkoeithe performance analysis. The control
commands may determine the angle of rotation of the spin table, the number of rotations,

and the speed of rotation.

In another example, an antenna may be mounted to a vertically oriented
positioning system near the spin table. A motor drive may be configured to control the
vertical position of the antenna in response to control commands from the RFID system

10. The control commands for antenna vertical position may be related to the spin
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The controller 460 may al so be configured to conmmand
the operation of the spin table 475 according to the

w0 e®alss6@f t he performance anal ysis. The contP@I/US2005/029149
commands may determ ne the angle of rotation of the
spin table, the nunber of rotations, and the speed of
rotation. In another exanpl & an antenna may be

mounted to a vertically oriented positionin stem
cmaandsh e\sgbqb spin sapletotatesppaiet mth@gmw&ﬁf 285 0 laﬁ?lécﬁ the

s RSOt of Bl Fbld SR RERREHPD, PiaPR D) BIRE oIy encss for

tagpﬁltq:@@gme@l conmmands for antenna vertical position may
e related to the spinconmands. As the spin table

rotates ar B? L}%Js?ém 4 Hla? ﬂ&e@h@fl traR@rie BF vdrAisdl posifion and

the vertiCa osition o he antenna may be changed to
rmﬁﬂnmm%he bése peifoananté ﬁxr:tdlff/aem:pslleft@r Feraeyemiple, s¢rae dry goods

pal | et e system 100 noni t or i ch,t.raj ector
paletavory besed s (hsralia o A S e et 1 AT Glaf Sontent

ee{gfu(é{gggggu 341%2%1 gblff&%agl@é—rd?ﬁéd %ast 2 StmafiBfi, (B 8pIhA cof@FEcommands

read r than pallets that
a9 BE appliedits Midxirgias RFI]D wedomammtoat thespih tahimt BntherBegse fbr each
upon accunul at ed performance-rel ated Tlélg orrra ion

paifst typal th@@mte@loemd@e t@éu%epmlr} e Qe %EMC%TS such
ag%lﬁr gslr r\/orlnq{]ﬁ(égeng% o'ﬁgn e@to %hf%nn Jg&%}es"effﬁl%ﬁ anﬁ%htenna

fe sys e operate
e feqh@lee OREAUIASE f@daaraad‘rpberdsd tereat tags cmpthcl spin table
rates, vertlcal ant enna noti on trajectory ant

4@5)>thn thetcontmolisr 480 thagsoakgiEe, o @)gampéex ﬂgfgn\g%t&a Qﬁgég attpppts,
Ppn‘lélgﬁt élzisep Sarn eé?a{l%(rg% gw }cial edreggeé%)g%aq&lﬁlggl%% u'fr’]g:@e §é£ﬂ§urat1on

P - €maly B8 chdFRREd Bhd §t6AA idlibaed sccoftivieto pativiedyps. These
and the sequence at which the readers are mul ti pl exed.
lﬂﬁfae:ssemap hé lrgmli@d me@@itarﬁéhléY%quﬁépeé <§ previous

aﬁ;ﬂg{lg% 31? a@eezg%ﬁ adlkg 9?{3? 3 {ag aﬁ{i’ g%aggﬁa&% rat1ons
a@ﬁéﬁﬁu@ﬁ@&&}egﬁ%@ on previous analysis and results for

partic pal | et configuration, tag and reader

configurations,, @Eglgﬁé'%’%‘%%g?’s'“&dtm’&%‘%‘"’”

I nformati on Ana rective Action The RFID

perf or mance tor system 100

ol g, t he ChedRH RS GHOHRE SHren a0y RS bR oBrated usine the

eﬁérﬁplaﬁr méﬂg *sh&[?l% e h@mw SHFIEN 5€1eiRlcAby el forarodxemplary
e I'ng t e statistical analysis engine 440 are then

rﬂ&ﬁ@‘d bihesbritimgtthestblivicelemplysio tnginaat4(gare then described in the flowchart

of FIG. 6.

The flowchart in FIG. S starts with collecting data at 515. In one
embodiment, the data collector 430 may collect the data received by the system 100. The
data is compiled into data sets that may be associated with time information at 520. In
this example, the system creates performance indices at 525. Each performance index
may include performance metrics for a predetermined number of previous reads, and may
include information for each reader, such as time to read 90% and time to read 100%.
During analysis, each performance index may be correlated with various parameters to

identify potential causes of sub-optimal performance.
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The flowhart in FIG 5 starts with collecting data at

515. In one enbodi nent, the data collector 430 may
w@ei0best36d he data received by the system 100. A¢EUSHDH029149

is conpiled into data sets that may be associated with

time information at 520. In this exanple, the system

creates performance indi ces?’at 525. Each performance

i ndex may include performance nmetrics for a

pr edet er nisredl buddseribegin grasiar dgeil rathdsierecq tajC. 6, the system

i ncl ude i nformati.on each F i t.siomifi
e s G
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ormance. In al ternative enbodi ment, a human
atopIerstBngnmybneenitodimenb the sohediler/myfortizer madyly 4p3. The system

Based on the anal ysis, the em 100
| e B B SH G SeBR PHBDAL b b B S ey be
st f Lok 00 550, hd Glangds 153Be cifh@nment |
m@% %nr%g(gﬁgg&ﬁaggég ?ﬁg}?ﬁ %ﬂ%ﬁﬁ%?gﬂn?@’schedu eS cor rgi:t i \I/Hen o
wAthitRORBID byiferh Y0 bpbmtys at HSH e aeetbeadilrepfeedback at 560. In

schedul er/prioritizer | e 45 system10 ﬁ%y
altgraativgspibpdinpats; aft @&ﬁﬁgg#laéﬁ%%%g?éﬁ%ﬁ?%rfm& hurnan
cor{s?ctive action may be inplenented as changes to the
OREP SSystem 10 at 550, as changes to the environnent

in which the REID syste 0 _oper t
cl osed- | o@é&’%@ﬂ@%&%@%ég}a}'l JenddpiSom a@ﬁpﬂ%ﬁ&ﬁce problerns
' RE hivesesh efifcRaANsd@RGo MY cheesponding
ag%?%?ﬁg&g?aﬁg{%ﬁ%op%ygor S.. Alet hougﬁ tﬁz system 1?0
cORYyctive @ntiors)5 SOOHES REY Dryserelativeinbagpishirane Bt @pmgle, changes
tc(;, %ﬁ%&%&%eiﬁ%&h@gﬁgﬁﬁé ng | %%ﬁ'gg%?s gret%?sl, oL redesigning the

correc
| PRI ey e br€badtionlfYeddefygot tlmmging the routes of

S?S&%‘J‘r%g&g‘@g?ggﬁgéﬁgf e, ﬂangggc to the system 550 may

prdtieet fews tpaugh thy ditritutiph acitery forexarople. Someaanges o the system

redesi gning the systemto add, .renoveg, .or di f

S5 g ey S ST B b mees o
r Qagl b i St diftREeQR: 6€1He @badef, Wperati

B SR 0 L S g e et e
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fr ng sof . / .. 11 subi
i

th AGhHAEmEMAA GsPendehe tiay dralysaiof dre Rifl Ddysteerpanformance.
procedures by which tags are

Similarly, changes to the environment 555 may involve reducing

mi

o=

temperature or humidity variations around readers, for example. Such changes may
involve changes to the physical plant so that the local environment around the readers
may be controlled. In one example, cooling fans and/or heat lamps may be provided to
control the variation of temperature and humidity around readers. In another example,
dock doors may be configured to better shield the RFID system from outside ambient

EMI sources, such as police cars, communications systems, airplanes, and the like.
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attached to itenms. Product packagi ng, placenent,
content, and palletization are all subject to

WO psoyBeEeNnt in response to the anal ysis of theCRESI005/029149
system performance. Simlarly, changes to the
envi ronnment 555 may invol ve reducing tenperature or
humi dity variations around ?®aders, for exanple. Such
changes maéti nvol ve changes to the_ physical plant so
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mpact of BduhOREAACRSSH DAL ET O hERR N LT By cach
R'%‘Lgﬂo}ttlg%c?é :ngégriéo ‘?Jeat ﬁg&%&@ﬂ&ﬂhﬂ?&ﬁ&ﬁ%@ 63 @t 1f§HSinathis ighditer than the

cted paraneter determ ned at
Reeriihddrhisieididrethe systers 1 86 edds DO sdenphbpassmetieto a proposed

PRMRCRHED. UHRGEHDL o G hegORt Y ery o pogmel e
@é@@%ﬁ&fg&ﬁ%&ﬁc@& ttﬁéneﬁ&@ tsgsg;t%ﬂég@g b ke sneihdr mbReparidigers remain to

e sel paraneter to a proposed

be evaluated at 645.

If more parameters remain to be evaluated, then the system 100 selects the
next set of parameters for evaluation at 650, and the evaluation of that set of parameters

begins back at 615. Otherwise, the process ends at 655.

The proposed mitigation list may be sorted, for example, by the impact
calculated at 625. In one embodiment, the scheduler/prioritizer module 455 may rank the

impacts and assign the highest priority to those parameters having the greatest impacts on
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mtigation list at 640. After 640, or if the inpact is
| ess than or equal to the predeterm ned threshol d,

W@ b@n/081360 syst em 100 checks whet her nore par aneCEUS2005/029149

remain to be evaluated at 645. If nore paraneters
remain to be evaluated, then_the system 100 sel ects
the next set of paraneters fgr eval uation at 650, and

pg{ S (T e Sach P 350 o RO T g BE e F2 s
aﬁﬁfgn&hssl %Elceﬂtréue?ue g*@ﬁ(esc%tes@ve ffcﬁﬁnsem&s those

I npact cal cul ated at I n one enbodi nent,
ptafmem’rh baluhgethe highesti levetseo! impallop pg¢Bbrmanger ank t he
i npacts and assign the highest priority to those
par anet er Hdatel Goinb Pain@edre filay bEBRGSoRaREIE BLmiAce.
The report generator 450 may di splay or otherw se
meetp@nswelyh@ntrp@ﬁb sEormxamphet Wlt@dﬁm@y é? FeXPINSIvE ¢p reasure put
460 ma ctions.to addr

chRraEre PETRAGHR St A RiolR el Ry B ERBHTY Rpp B e variatons n

cBRIbbAUTRBERingHAWENEE corB@ARh AR 8HD ﬂh@]ﬁeﬂ@ ;J?b&!%éﬁ. As an
observabl e 'but not inexpensively contr

aimantpteeto dugntitdéangrofieng Hyenidityetopeinsh p@ka@tngm@o@dbme sensitivity
si.ve to control, di.rec ity,.sensiti
Sr#paﬁsﬁs (P o R  RM G R HETPhOLB HRhe s Yo e defder
cagi ng noi sture content changing its radio
quency properties. As an alternatlve to directly

controII| h sed; :
the sensi ?%v gllé g)d?é or 0 %‘g%‘egg}ﬁét?ﬁe: aﬁ‘%ﬁgm degrading
tlliBJs"fngﬂl by clli@;g ?Qhé ﬁiﬂﬂmﬁlsﬁ&’s shaegrsiuts td Rdidhahe eips are attached.

desi g urther exanple, it may be determ ned

Aqqaltdmglﬁe opgrmq:xs Ry |e§a1u|@g ﬂ@:ofrewgblhttsr@f @ﬁ@j"ﬁﬁﬁ chpgeh g giffegent

S e G U B
Cgﬁgﬁ@g[llty of package changes or dlfferent

applications of tags to the products, to inprove RFID

per f or man t it j

Cor  ect va e TAlor il e oo e s may be
fipdticn iiiseaisd bRyndiber exatrpty I ldwutehipatatule by a asudeh® correlated to a

exanple. If IOMIHﬁggfrature at a reader is correl ated

26% laapzstv/@wrs@@i in ReslorBgace margn @rrﬁlafrlﬁa@f‘é ethggppiroller 4p0 may
1&0@9%6 Eh%afgfcfer pf)@gr %9{1% %Jﬁlgénsé‘t@% é}%gs%gggrfﬁgﬁange margin.

0 conpensat Crease

Haﬁhélﬁtdmﬁﬁ@cnaﬁ @icReasE Y thb @ower Evelloﬁ"ﬂﬁw edadanmayeiselage
in the power |evel of that reader may result in
int ey pm@r@ﬁt@nwrbmre@dﬁeﬂxewnir@%ﬁdéﬁo mayRlsoFopsiEtn e raglyrs to

mnqéfplgx, 32 s%ay 31fentawﬂlle tl?lg o%he?geeadgl e %peratlng Although this may reduce
throughput of goods while the temperature is low, the RFID performance level may be

maintained, along with the benefits of RFID tracking.

Other mitigation rules may be programmed into the scheduler/prioritizer
module 455. In some applications, throughput may be more valued more than RFID
system performance. In some instances, the cost functions associated with an available
corrective action may only be justified under certain conditions. For example, the energy
costs associated with climate control may only be justified for certain products for which

RFID tracking accuracy is deemed highly important. Accordingly, the
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multiplex, i.e. stay silent while the other reader is
operating. Al though this may reduce throughput of
wQ@omds3mhi | e the tenperature is | ow, the RFI D PCT/US2005/029149

performance | evel may be maintai ned, along with the
benefits of RFID tracking. Other mtigation rules may
be programmed into the sched8ler/prioritizer nodule
455. In sone applications, throughput nmay be nore .
setmduledprioitizet radulRFP Oy elipts sraightesides to dateapmg which

i nstances, the cost function 0C] i .
CaENEBRE 6P FRBET VB SL e RS PR bR Bty

under certain conditions. For exanpple, the energy
costs associ ated wi t REID Readers 313 5P Smay only be
justified for certain products for which RFID tracking
accuracy ilsadiigomtd the golepf R reasars. 124 dsy RFAYsystem 10 at

t hesched rlprioritizer dul

soamee It vaich it Yisked KIPRaIOIHE D serve as an
ahg%l HPREYOsoANAWhEh RSN BeaBink idst dealiérs &Ry beCbhfigured to
actions. RFID Readers as Sensors In addition to the

"fikre with fE Brteanmbersgedidvernof dnebieaIRY engrgye dnfoomation about the
stations (see FIG 2) .at ich t y be tracked.. .
regend Rt sagrexay Bl Glos ORI RE S ipune

t Lyg! i SlERYtdden FIG. 7.
Sl ilgg.r ORELabf Y rdaB8T a0 hiAiPof feRRACISIITR:

I sten el r antennae as

recei vers .o i ent. .RF.ener f '

recei ved I&?%Lq‘or?iean IStgﬁlét}oélyceﬁ% 7B§éﬂl€gllrdlgg;%:rl gg“@%% {%Bﬁgrated bya
R BEHLRF SBAGET IPRith ah RFIDEELEMANES ron@pengsyistam. 0The RFID
readers as an array of sensors is illustrated in FIG

sYsterhrindfides raaders 7455720, Gadi avd 738n{Tae reedst 73k aeliguged to read tags
RFI D syst em oper.at a central conputer station 710

QR etéﬂ?faﬁli‘{nﬁ?géf’]f‘é;ﬂ%%se monitoring system The RFID
system i ncl udes readers 715, 720, 725, and 730..Th .
reader 73R4adersdhfi7glmeay ‘%ecfoflé%e‘il 3@@'081216 gpiragtion about ambient

g e S

RAGNPyeatiPethl®. per f ormance nonitoring system during
peri ods en each reader is not actively reading tags.

For one exguple exeﬁnﬁg,ge%&)%r&fof'ﬁ‘ QRESIMsild e @stiiiRion center 705

di stribution center noves sequentially from point
Aoves sepicntisllyBronCpomh A tB.poiieBsGuanseD oThRFowee p i wagrey may be

5ot ok IS L B0 B, L 4R oor T
neasured by reader 715 will be relatively strong, .and .

will weakeht pnttAhehe signdstraesth seemiredbnrcader 135 vaill bepelatively
s-’lc-rtz)%g,s eltn Q?Vaih vs?etafcgﬁ gst tlﬂe source moves to point B, C, and D. The signal strength
measured by readers 720 and 730 will increase between points A-B, peak between points
B-C, and fall off between C-D. The magnitudes of the signal strength received by each
reader may be recorded at several instants in time. From the known positions of each
reader, and the relative strengths of signal received by each reader, the approximate
location of the RF source may be determined by triangulation. From this information, an
approximate path over time for the RF source may be ascertained. This information may
be compiled with other information as a parameter that may be correlated with
performance metrics to identify whether the RF source may impact the performance of the

RFID system.
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nmeasured by readers 720 and 730 will increase between

poi nts A-B, peak between points B-C, and fall off
wheirsesrseC- D. The magni tudes of the signal streemuk2005/029149

recei ved by each reader may be recorded at several

instants in tinme. Fromthe known positions of each

reader, and the relative st2&ngths of signal recei ved

by each reader, the approxi mate | ocation of the

sour ce nayomsastemeﬁmié@ appurce ol RfLASEEY thS“f‘fr@ﬁdtSFFﬂ@twn

kB 5P BT AL OO PP PR e

&R sﬁﬁttée/' otnfh RhNES, shdl QraBiiig) adsicR, @af;amae edr. tlhatldition to
may be correlated wth performance metrics to i dentlf

y
swdhehdtdle sbtreesREysal statonray sourpectl Rfhanepssrmar welhde fof example,
the RFI D system Fo sec exa e of RP
REvesldsys, c?@ﬁcgrr‘cd‘é‘o?oﬁ% &Es, ﬁ@?‘?%syggfmse?“%@g llJi%r‘tg)v es from

point Eto F. The source of RF energy in this case n'%o
be the radisdn theanevpustexpmple, BrewRsHpEPICce Sippiodes system 10U may

forklft or
oL Db B8t PELPSE Ryl AL ot prages o
iREEHTY tHENFITN§stse, Bfr déteCipnthe preséce wé [R(Feansr,gyethac for |eKample
notors and drives, li1ghting systens, and the |ike.

peakstisigpal etrengils aktea she time e SEXTOFRARAR BICHISH (dib A ﬁ’aefatm may
bg %élg Z(lg]n éétglgpjga ot RE é&%gpf%bf?%@? ?fgg g)g ec%(gs;/ﬁggthg gisﬁﬁﬁ)aﬁcg €and then

ok c;l-%&ﬁ E5tvdsPightd ehd TR SHThERT eBrgdletane baged hEthp Eddecande
ener gy that, for exanple, peaks in_sig

ideintifiedy thena sofipnseayEbe defvelopcd@ fp@lgﬁ@rth‘hﬁ@@tﬁﬁftth? digturbance.

di p, bl e d
F@;;] g}{a@pq%\;&;{{ ]?f&)we}ﬁ;? ﬁgg gg% EI%IS ﬁ&e {uﬁgg er oﬂ? lté ﬁgsré sﬁgt r?&ere to cause
t%ér%%g [ Eﬁfs?& QREIPa g&‘t\éﬁﬁa{l 'cgﬁ%&w% ré@tl@r@fﬂlﬁji Be Qf pduberdating for thirty

urce of the EM can be identified,
st:cfmﬂs alhsmilvat thandistaybabee signad isofsitestado Aqliqrneggfpb( poer levels may be

effects of the disturbance. .For if an RF
ingeaged andyapl t@%élnétaggs?ea\;% aY?lﬂé‘%adg%FO S(RH’S on first

shift were to cause tags to be m ssed,

pot enti al Ioone emmpl@'y asthosh afalabpe Yy ??a‘%ﬁ%%e‘?%j&F]HSe

thirt i
g@iag‘tg{ll f o¥1 A‘pfs %ﬁ&%\/ ?%l%té&aﬁs%lv eﬁ%éﬂ%@@ 'P%é;ewl%g %? g)glg 'é)? more
By anhéﬂ Iﬁbﬁ&irﬁl@ aﬁleJﬁu@& dt Fafvgy 1dcdtidasl afouﬁcd) bh R$FID lsystem For

I'n one exenplary nethod, a database nmay be created t b

exampledia acdistribaticer enter Tty o PrAeR v RBYHS FBbe SHaracterized by
relati si naI strengths . recel ve h
taling an Fﬁareqﬂslkﬂa 1 lo ou(r?ﬂcrgé(og a‘%frl)eir rg@ﬁz@ signal strengths

Jg&ﬁ?etd tﬁﬂ‘% cﬁ:?soﬁirige tit | The it Rberizhiasn @formptien may later be used to
IStri

t1on cent er rel ati ve reader sensitivity
Heplekate tieysolueceatfan Rit enissienibipgormpekiog ghevlative sesaived siggal
vari ous _known | ocati ocﬁgc nd recordi n% the relative

silicaBias ofthe éﬂcﬁg@rﬂlgsmn tot aracterization ma

In another embodiment, the characterization information may be used, in
combination with other information, to determine whether sensitivity of individual
readers have drifted since the characterization map was developed. Characterization
maps developed at different times may also be compared to identify changes in reader

sensitivity levels.

Reader characterization may also include using an RF source of known
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received by readers in the system The

characterization information may | ater be used to help
wo omanz13sthe source of an RF em ssion by conparP@musives/029149

rel ative received signal strengths of the RF em ssion

to the characterization map. |In another enbodi nent,

the characterization informd®i on may be used, in

conbi nation with other information, to determne

puert lheal asé atskromn lpgatishs fonditeindneabsparensitiiay BiTmatipn gbout

i nce the characterjzati , ‘
e By TR Re ResE R DR b A8 e fops known locations
athAQ e SABRMEEnte?, fof &tnkdly, ﬁ@ff@ﬂm@rﬂa’c&@ atfeFmation about the

sensitivity levels. Reader characterization may_ also
sénsitivitg ef emhmepdeniRf b vsadcte eoharien thaaneliticalirespdip obigineddiom the
known | ocatjons to determ ne absolute sensitivity
PETOTEIRESR ORI YSEREPSr s. By characteri zi ng
sensitivity of one or nore readers at various known
| ocati ons around UsisgdiesdersseMastitog &eade’s tor exanpl e,
performance-rel ated i nformati on about the sensitivity
of each rdadenlymay RFEDusalirs v anshmates 4 passiapairgy pEgensors for

colFs 0D 008 A RERREH BTGy 1D R HOATL TR e G
oﬁagtegﬁlll B v&raﬁelﬂﬁr oRE I%F%ﬁ%c@%ﬁi@%é EpsEer@f 6@ &llect

ensors for collectl rmation about anbient RF
ifoengyn abawiothilrExdeesidehe REID kysteac i §.v8uch enseatimnateayi enable the

way that allows the performance nonjioring system 100
SYRTB PP E e R F e A BRI SfobToPls e a0y B oh BerAgEce
oA e B L A0 P FRALS S LA i
idalies trepdsr fcolligdn ¢ eAh eradslary@sthqdfor iopedating pradérs éonmonitor each

i ncl udes nearby readers interfering with each other,

offier isrshpwndm thedlpwohad @EFIG ot 1 i si on. " An exenpl ary

met hod for operating readers to nonitor each other is

shown in tArearfdyonfobeatets rofy B Ged 8o idepgifyaelatiye dfangesdappwer and

STy R Nel TRl BTRETY BBt Min e
s&sg%ﬂnqw Selg&ﬁ]?g‘gﬁg&}g éﬁ}iﬂé b PeMbd A e Sthel REUES Bre inactive at 810.

ecting a uring a period in which other
Theaelectsd adader i @ptrated tatraBdrdit ail RengfyingRBsignad ficker chirp) at 815,

B I ot ol e . o
pur%%ﬁ'a%lcg rﬂo%ﬁglthlrlé %}gﬁen]i & ﬁﬁ?fje%éi 116 natBh 28R the Bnal strength of
P SR ACE RO Tor1 ng syst em 100 may recei ve

thfpirpatdcoRed@bpeichtrbales tign &l lisshingn @abedén expectediand pistorical
recei ved by each reader _that is |ist e&wi ng. Based on .
velps dhesystany 16 datesinpipgs)if the transmitting reader istransmmtting power m a

valid range at 825. Next, the sensitivities of listening readers are checked at 830 to
determine if any of the readers received an unexpectedly high or low signal strength

value.

Continuing with the procedure, the performance monitoring system 100
may then check for interferences between readers at 835, whereby a neighbor reader may
be negatively affected by the interfering signal. Moreover, the performance monitoring
system may determine whether one reader may nadvertently read tags in the read zone of

a neighbor reader.
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val ues, the system 100 determnes if the transmtting

reader is transmtting power in a valid range at 825.
WOON200b/0313hEe sensitivities of |istening readers BCEUS2005/029149

checked at 830 to determine if any of the readers

recei ved an unexpectedly high or [ow signal strength

val ue. Continuing with the ptocedure, the perfornmance

nmonitoring system 100 may then check for interferences.

bet ween r Bastdran the n@asredintarisisncalavels ghe Berierauges mRalorme

b tively affected by t.he i - i anal ;. 4
RErbRIorTe BulFiRCE e SOk Bl difher IdIBR of individual

rABLELMAE TRERPES p@RGneadabniftineishaehiest ndieyatog atky constrain
tags 1n the read zone of a neighbor reader.Based on

tetisterfedmrceders tr epdrae dme sultiplaxed mada 60 Heat thsyrfafat attempt to read
noni tori ng syste adj ust t.he | tipl exi | . e
R SRR, SAEE b Y R DO r L prtrenc
b@lveBfladdBeoRRBARE kS RETBRC SerfRRah® | Ng system or an
operator, may constrain the interfering readers to
operate in.a i.nle . :
attenpt t Ef TF%&% {ngaén %?D%t‘%gaggff‘g 8%??%?& %}%Y%eg g?ate?{c’)enl,eader .

QMRS bdcR e R 50. MERhoheadiecteaniad teehedaddcthen titeqrberdarcends 850.

bet ween readers, or increased to inprove perfor ce.. .
Thé prasadiere snaydearpeates dygcadsesckesrioanee Swfé?leﬁmwr‘éalﬁon‘?fﬂ%ﬁcﬁmy to

i nactive reader is,selected back at 810. If no readers
CW@E&Fkﬂ?d“ﬁéggﬁéﬁﬁgﬁ? then the procedure ends 850. The
procedure my be repegted as readers, e EeriFnce " A reader
suf fi ci entThispelspamay ?UWQéEtgF%r?tﬁ 3 EeadeeqUlisiyn IaRy o ¢ A readel
QitSo? L}a@ '?Saflﬁéﬂ(gé for eg{ﬁl' Sa®t S8 MTRY rdBeruagtliflcBtion numbers and
geherate a-“"rea

er collision map." A reader collision
SR streygthit ketdevet droneathbr readater Aashdhs thisomay hemprsder

Ewegknesipopkionies FIOR SRR c2De wied FifFa o adiustreader
oL t i S| | Li i .
BP0t (SRR AP b PACERy (R0 B4 JRIIRAL B idenity

uiEdstrhblk exfleBons kg B sstesccaningificinowatimpr othyr ahjents. bor example,
used as an analytical tool to identify undesirable
thectfcedipicosienal meadenes/lisien wer may bagvenayRi RARPSYHral SEHBAP to

obj ects., For exanppl t - i ' ! F
L et T s
ahOhEeSiaAp1aréhdet feRpARIlEEBSnE May &6 udiastotieo Bmtodugdengpllisions.
between interfering readers. For another exanple,

reader timng/multi ' it R foratigbnt €d to contro
%?% nlsltlvl:aty I nformati on Know ng

p—

reader colli sions.

:J?gvis Zgzl Vd&ﬁg &re]:dse s?t\{xvfeltry alng\f)%{)v%r fé@elg 3f Qacﬁ%gadd%l: provides

additional information that may be correlated with RFID performance metrics to identify
parameters that impact performance. As mentioned above with reference to the station
210 of FIG. 2, the sensitivity of each individual tag may be determined according to a
method described in the flowchart of FIG. 9. To the extent that RFID tags of a particular
lot code, version, and vendor may have sensitivities that range in value according to a
distribution curve, information about the sensitivities of individual tags may enable the
RFID system to assess performance-related information more accurately. For example,
the below-average sensitivity of an individual tag may help to explain performance-

related data that shows below-average performance associated with that tag, and thereby
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addi tional information that may be correlated with

RFI D performance netrics to identify paraneters that
WO paos13per f or mance. As nentioned above with re¢BEUS008029149

to the station 210 of FIG 2, the sensitivity of each

i ndi vidual tag nmay be determ ned according to a nethod

described in the flowhart 68 FIG 9 . To the extent

that RFID tags of a particular |ot code, version, and
theesodmoe afeglated esrosensy bd mte assuretehi 1dfﬂrélﬁ§é in val ue

according to a distribution curve, information about

t he sensi i Wetfiwechaft of fdi exediplaty meihed nﬁyl(é rfg theeprohess of

RFI D system to assess perfor rranc reI eg i nfor ”35118 Th
nm@mgd@gm@m@mty begins kyesiesimes an R FFsiygs at ¢ tag

ensi ti of an t
TR Al S Bt 2
cBRti Rt IBANERIPEMORIIR L che R R Kigiidh pdweied thatag, sltteugb ydgharientation
source of related errors may be nore accurately

withenespiekt @dhe radiativa pattemcH 4he readert ﬁéer@ﬁ@,%g%raydﬁ;élgqq SQlpects that

F th
BhehSpbPBh s hal SRR R R L e 1
gedddal, H@@exte@ Ghé Eré&%ﬁhﬂ@ﬂ signdl @trEgale ing corrpypedd; for Bxa:me;ﬂe to the
signal strength fromthe reader at 920. The

Werwmlv@w aepmlsulgetng ) Pa}’ﬂ@ldalt Ipeatior agd grigptafienslative to a

at .t e al t hou rientation
it o AL T e
hé‘ﬁclﬁé‘v“e@ %’ pIaBﬁg ﬁlﬁéjﬂagtat 8 Rnpah pesitioraind
e tag rra affec the actual received signal
cﬁsieﬁtsaﬁgm felatlve tg ameﬂcht beihgwparated at hkngwedeverlgyded
signal strength may correspond, for exanple, to the RF

ener gy recgictestichyttempté teadltied tagago3m Htktmtagiiscldadsuccessfully at
| ocation and orientation relative to a parti

cul ar .
Y athen thepsegrat strapetit rogeiprs i teifagrs FiErd #1et?l) an4 %e gagder again
enbodi nent, .t he det er e I IS d
alteHPER 18 de"i%/thﬁ Fag&ﬁﬁé g p{)T\]NQr 1g¥e§ aggﬁomlf]& eggl?nf% {he d#]séance between
tﬁé { @A tbRr fnﬁ& Bt inéeaba, ﬂnefcﬁﬁﬁ@ﬂtlob ef tig t@@ﬁraglbe dhatged, or the
known power |evel. The r eader attenpts to read % ag
radded power ]bvtlhmytta:ged@ed @amC@n@ntss diha moyergentymgy be ﬁ%‘“ﬁ“

the nal strength.re e| h ed at
logpyit ‘Eﬁdmt?] 2 TQ%QPS% ]§tv t ({CSI%&IQ‘?%&@ a{cﬁ&j&& ag at
t he new power | evel at 930 For exa

i sta
bet ween t Ha atla@leb%b‘%@@%r hﬁéignﬁleg TR ‘3? edising other
t [ on t
| %@ 5. | EQr &K alﬁ%le tgg stfgﬁ%uc | ﬁt ?ﬁlﬁﬁgﬁg% telg{er'iﬂ?:‘?ea%@@&edlecreased to

Mﬁhﬁﬁ?@b@réﬁiﬁré@%ﬁ th e eimink clgatag bénsitvity ovithin Aeange. The search
rélationship to achieve the desired | evel

cur ac
sltmt@mnayenvcelvmé@r FREmple, & FRard) pavier, Sueteasd hﬁser}géf i 16 those

%ﬁ&ﬁgp ned ﬁt%)él etrg)g?rg Frrggt}ﬁ gsFéxlr{:%er £, Sk geas %ﬁﬁon of the golden

Q@ﬁé@&%ﬁ@t h@hbARhERRMT RWEE 81ag be tjustke Byifk oy bietveemendepoint
the tag sensi tivi ty wwthin a range. The search
values between which the desired value is known to lie. For example, if the read is

successful at the half-power level, then the power is decreased to halfway between the
half-power level and the lower end-point (which may be initially set to zero). If the read
is not successfutl, then the power is increased to halfway between the half-power level and
the upper end-point (which may be initially set to maximum power of the reader). This
may be repeated until the sensitivity is bracketed between end-point values that are within

the desired degree of accuracy.
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strategy may involve, for exanple, a search pattern,

such as those well known to those skilled in the art
wW@Roososm36d er progranm ng. For exanpl e, using aPCT/US2005/029149

vari ation of the golden section search nethod, the

reader power may be adjusted hal fway between end- poi nt

val ues between which the de8ired value is known to

lie. For exanple, if the read is_successful at the

hal f - poweln adehtisin totimerovinigethp isleatification eE sesft o

PBARITHONO L B Ui AP o T ey bl Miffer fenefts
Fﬁlg %@‘ﬁi&’% [b‘agseﬁéiﬁﬁﬁlsxﬁ&%e udeB €6 adsB@ tﬁ@}b@forhﬁn&dﬁﬁ@as@ﬁnﬁi@idual

ween t'he ‘hal f-power |evel and the upper
reafels paihrd grewdar dégremnyf frecision. t Badetyngestatisticahanalitin®hower

of the reader). Thi.s . be.repeated until the .. .
pesPRryTage] BrpraeRtatisga RERTOL R Bl o b Fgidih spes. the
p &rﬁ%&ﬂnﬁr%rhﬁiﬂ@i%dﬁQQGM @8y B¢ mBaRksteaCyedkel@féitd inahe system

O | nmprovi e identification of sources of
iqeetified, ard cardcelanaibne taken befordilerag osamsi ti vity
i nformati on may provide further benefits. For exanple,

tag sensi tipichicefRYf fReforssttetntrgia e85 et drpropsudl in vammsevays. In
margi n of individual readers with a greater de%r%e of
ope expiest, perforBasemargiminanRFID: sysigm maabes eqnsidgred to be a measure of

f _ | d - f - - -
PN niEr RE R BEY Phar Petat StebE Berfordraich 455 Blow ah
aa}%g%ibl& 18fcli PO diatipd, iff2BALEpSabieRyer REmARIY 6] Bet WwBRKuire that all
e

ments in the systemidentified, anhd corrective
RAEDitagssont apadiet mestcheacddiucossefillp etcigast 1T iencs dercwsisty ¢ attempts,

thhen t ;g%ge&?&%gﬂ} g?%gggﬁ?xgggcggsﬁtﬁg b YA RHS A tevelat
wWiHSh & tﬁﬂe@%&lg ?srcggssE@. BEhA éeiﬁ%gléf £ aRlotHee paritfeterd A efral, the tags

power may be reduced befor e performance falls
tine lhave the lastsepditbityeddteme theperferampt margif. Apcordingly,

i TReRBbp WG crrovh o bt el et Bioxids B ARUGEH] PRmster o
Apl)agr gapngzéd {BE e B th%égﬁﬁge 2PRLTH PBMS Fnantd&@Rorshe

nce margin e expressed as the change in
d I | .at ' - [
|t hi s ot arerap e pRefidate Bl HEEIEE 106 (EEARARS: to

sEﬁk@c'xﬁt?gﬁd bhRk phdYehdnb&rdl R8s Hats @S Hétetthiny tdet ecadenkastahe
per%o mance margin. Accordingly, information about the

peefosndrice intaygin that fsdirendingadovinagyest fimey (The sysiemd 88 maydrgger an
araneter that m e.analyzed to identhfy .t o
FepasLio RS o P b SseifabigleTaBto Gtermine i
-tﬂ@fécaﬁ&%_e&eregﬁg bi t 1206m&nt S BSThIkiRE suBhYcopediveztibABefore the reader
nd o

sensitivity er performance-rel ated data and .
pdefosnarica enatrgiafalls beloadzaro Hesvgineantidracking dailwgsgnay bevatoided,
tlh%elt)}y searx}lcrlllgr’]c%nedgn mgﬁ/e%rwﬁiienn?éintlljﬁemgﬁt}fgﬁ} l%xrr%lsl ngﬁﬁy s§s[én9 ger
performance.

In addition to providing sensitivity information that may be correlated with
other performance-related information, the sensitivity information may also be combined
with lot, manufacturer, version, and other tag information, for example, that may be
stored in the database 22. With or without performance-related information, this tag
information may be monitored as a quality control measure. For example, analysis may

reveal an undesirable sensitivity rate associated with a particular lot code, version,
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alarmor report that indicates that maintenance

procedures should be taken to determne if the reader
woe@de3Bepai r or replacenment. By taking such cPCT/ES100¥€29149

action before the reader performance margin falls

bel ow zero, downtine and tracking failures may be

avoi ded, thereby saving ting* and noney while

mai nt ai ni ng high levels of RFID system performnce.. . .ln
amettiatdesign,tay ophenvagiialrjedpmemetoyi ©9Cq HPELIFR WER tagsepsitigly has

be . . ted with.oth f -
o R 55 L Y DPEGLE, PTG, 480 g R 1

&ﬁ@@%&%ﬁ 190 by ls@itd 2 SRAA E P UWEIS 38/ @b, thelH Fiztohi®, which may
tag informati on, for exanple, that may be stored in

bé feeeitied Bptseulhasivy grouprin thetfiouA. piefiyr Fhasies Srapapdgtake
information, this tag inf tk b [

cnpTeEY HSPLb AR (e Qs pop! CRapieso Y \QRErigR

dé{@ét%'ﬂ’ts lF‘ﬁIﬁg]g? é\fcﬁk%g Sccoaftng, imdylo abpiaiea sin® abiityed tick Rertain

articular lot code, version,antenna design, or
oflehetias bagr deratedds paesatef &rw ta@rscesitvityr arifhidire @pIrpsPPAENS to

T RN
nét?ﬁdﬁ&é%lﬁ%?s?r%it%¥ 18\%%51 %ﬁ dell Fahehre peihbrs %ﬁay%dﬁsﬁfucted to

may be received by the
diResBRas usigofgucags rortth eddiadondeant Tge sp that pesduattragkangois not
may take appropriate steps to change the procurenent
cohpipngedi sfactory tags. Qther related departments of
FirmA, such as accounting, may be appraised that o
abi lity tdctomuighsdeterninatirdefitag peasitivie AnGBGREQIEN tag sgpsitivity

.result. of |low tag sensitivity.or fg j

i} AR U DT T Y TP TohE] e EQ R p Attty

pfmdéleaﬂgfa\éfééﬁ&?m GUBIL QBBEGVERBEn R lvhildbRowbout s tagg
sensitivity I1ssue, as well. Furthernore, operators may

séagiéivﬁy fnfoataiint Asaisk oersitivity nfemnasfongpayberusgd diregilyttg enhance
a redundant tags so that oduct tr I NGl § t

RO sy SRP oGy A P I B A A Shb e &1

pggﬁﬁaﬁik%/_irglg&e@ﬂg%% Lhoring tag sensitivity in

correlation wth other paraneters that may inpact RFID
syst em perf ormanc I oyi ' itorine of
enabl e clmlﬁ1 %g{iﬁ%%ati{? %%%en%%sggo\? g%?‘é%’f"@%%ﬁ%ﬁ%@ Exg)n%tgrang ©
RGNStk by 1B iapIEREAE usifi systtml, nieiosls tdrolmputer program
Information” may be used directly to enhance RFID
psydBicesnm pmbbdimentsesher dan the cxamiescdesened 886 acy of the

anal ysis of performance-related information. In

addi ti on tRor thenplbdbyaratkng thdpotfexang @spepls produence

cgggéégtgng %ﬁg&bggfegoﬁ%;%tngfy@?%gtgp riqlrgglgg 1tlsee(11'ul foritation on
preferred product arrangements for RFID system performance. The various product
configurations that may be loaded on a case or a pallet may also have an impact on
performance. Pallets may be homogeneous (single product) or mixed (more than one
product). The combination of placement, orientation, materials, and the like, may affect
the transmission of the reader RF signals to tags, and the response signal from the tag to
the reader. In this regard, certain product configurations may perform better than others.

Accordingly, the system may collect information necessary to make such a determination.

The RFID performance monitoring system 100 may be implemented as a
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products in enbodi nents other than the exanples
descri bed above. For exanple, by tracking the

w@esbossence of specific product configurati onBCTS190$029149

pallets, the system nay be able to provide useful

information on preferred product arrangenments for RFID
system performance. The varPdus product configurations
that may be | oaded on a case or a pallet nay also have

campltamsysterthatesnbsusethwdh cmipdisests pd jhayavabipgd he grpsessor 110
. (singl e. product r mxed t t e
SR S PR BT SR R RSBt o
efiDSdibHE the BRYceabdraab id Hsinkle AnsadsESirocessdr. thensthadenbddiment,
signals to tags, and the response signal fromthe Ea%
theqrodessardd @ay 2 mukii-tigasled prpsessor.c Ehe BIORessPObL LI capable 0

configuratians nmay .perform better t ers,

PRSI R RoR OB 1 LAy L drh S5 P At hadetiss
necessary to nmake such a determnnation, The RFI .
per f or mandae msorn f 2heforsy Siarateg gy B’@ SV%‘F‘ewgnlI%HanouS
as acaonputer g

FPodRETRERTIRY T bAf by EBflafea Gtontbd I RERAA EALS, o

vORAReSShY, dShdnedlinle sehroiy. eXiecsysicanmuy alko inchude a storage
system 100. In one enbodi nment, the processor 110 i s a

deviegytapablnoé anwilipg wewsstepge or thaosisry | WntB dptie cmbodgnents,
rocessor .110 is a mul ti-1hne NLO . . .
o Q5558 Gl B BTk AR ERLRABEOEBFRRY i i,  brd ik
dslies ad o?ﬂcélﬂ%k@ﬂi@_é,)brh&@p@devwé. a storage device. The
menory 120 stores information within the system 100.
In variou [ ; ifBHhaO§ovides input/output
contained%Pg%gggggggkgvﬁ%gggggﬁgﬁﬁgﬁ?gﬁl amafinF?EP“ outpH
opBaENs, foP thedsystom-100] & binbodimentsyan i/ sysit elevicaynagissbde 2

I nclude a storage device gapabl e of .providin s .

KeylmesdandyofrPOHBESIC AT AV M APT GSRIe W SRR er interfaces

the storage device may be a conputer-readabl e nmedium |

a floppy dhsknaetiprcesn b implethediedkin digithlcdectigricaicpii} or m

di sk device, ar a ta devi ce. The displ 452

CEFRPHH E%rﬁzya{ep BmR s et 4GOI GO By 63?‘)3%% o the

i&%ﬁ{i@fg LA iII@[O?IﬁeBEed%ﬂ 8 (c8AbHRP prdgtark PRACIERALIBLY cibodied in an

I nput/ out put “devi ce may include a keyboard and/ or _

ifoirndtiongrather] €@, incr machihesyehdablastpragé deviet eph ayrireppgated signal,

graphi cal_user interfaces. The |nv nti%g can be .. be

forexeuion: tch PreeETRably Praressey and metof s ng, e dvepijon can
AnarSanid | 18 gradf of iistructions to perfi

ORI, SRRl e SO PRt ot perom

fdeetiomP b it fivedtidmbyaomeoatmgt oar inpurt algtecand@eociatng outnyfl. bihe

enbadied in an information carrier, i

IRfeEEHO @al}l@dgmﬁﬂn@ngﬁdcﬁdg@gagf@y? dn gpe qrﬁh&eﬁph%ggeépé%rm that are
S50 of B PSR Dl RO B 0888381 80

coupled to receive data and instructions from, and to transmit data and instructions to, a

=y
=

1

data storage system, at least one input device, and at least one output device. A computer
program is a set of instructions that can be used, directly or indirectly, in a computer to
perform a certain activity or bring about a certain result. A computer program can be
written in any form of programming language, including compiled or interpreted
languages, and it can be deployed in any form, including as a stand-alone program or as a
module, component, subroutine, or other unit suitable for use in a computing

environment.
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performed by a programmabl e processor executing a
program of instructions to performfunctions of the
WO pwensi3en by operating on input data and genePEr/Uszp05/029149
out put. The invention can be inpl enented
advant ageously in one or nore conputer prograns that
are executable on a programifibl e system i ncl udi ng at
| east one progranmmabl e processor coupled to receive
data and Snmhlwpnon@ssgrsffabtdwp 2. TrC ) Of ﬁ AFRERIT Of HFHUEHngS include,

.‘Ip’nmsﬁ\:}jlro g:téal‘yli? % g'h%e%g{da? %{eg%ﬁél 5‘?}%’ é@geggo?éiﬁd Misole
usg%u% gf o @ﬂflﬁﬁ 51'e§)r@ce§s%trs &ff anyh&td é{(‘doh@ﬂ&rt IGRber@ly) afocessor

Irectly or indirectly, "in a conputer to perform
wall eeeeiva mstractlone iahg date fitomi mgeadiymlt mamest Qfaﬁ rrandfe@ @Fgess memory

oD BRSPS A5 3 Syl Rl nsuctions

(ﬂ)ﬁé & rﬁgféq'a ANGIECs orif st lctDAf aEd AL PGey&ally, B caputer will
orm inc Ing as a stand-al one programor as a

alkp dhdhale, cobpapeeativelyswbpledtd p@nmpnicge vath, ang or wgfe mess storage

et RS T L LTSS S B RRSRANPvrd
dlsﬂg L AR RY LAY Iy Sa?ﬁ@ﬁpéﬁzc §kl§ Qﬁﬂﬁftﬁ!ﬂ @M. SReGgAdevices

pose m croproce the sol e processor or one
s@ﬁalﬂalfot t@ﬂgﬁ;lypérﬁlmﬁisrﬁxgmnqmtem pyogcamdnstifuctomsput elata lnclude all forms
Gener al I%{ a processor wll receive inst riletl ons

ofiaeervelet raem@wn@lﬁﬂlpg ﬁﬁwy)f SaPIf SeE R Eis SR ryioes

SIPRUE Bfsk@Efehds internal
S ?hO%SeSSOFNPOF exch ng |nstr Ct%%ésé a%é] one Sor m)rémema

hﬁﬁi@éks%‘hdfr&hoﬁdbwmﬂg, magﬁatmpumh shskm dndl &R OBE red HBMB-ROM
a conputer will also incl ude or g@gr ati vel%P .1 ASIC
d@d&&plT @lpme@@hmﬂqﬁhé AR €3 DeTBPISIERISH &Y nf e pRiaiggdn, ASICs

f | h d | ud
e T
di Sk, St a;&aér@%@@?a%lﬁél%%ﬁﬁ%&@ ysi Woin ity BibE Bomlemented

?ﬁ p%?erﬁ{agﬂg %rﬁlé tdeWick %Qd?ﬁas%r@RTi géa'%hddé(‘rbjd didepbt LCD (liquid
or s 0

non e menory, including by way o

c@@@d‘ﬂdﬁspla@)?ﬁmﬁmcfun ﬂleplaymgmlfgmﬁxavn tethe Lscrcﬂmd@d&eﬁmand a
EEPROV] and fl ash nenory devi netic di sks
RoSIHng eV IRAFIGhdS 3 TOPSR &7 &KLY A G SR can Provide 15 to the
H%ngtro opti cal disks; and CD- ROM and DVD- ROM di sks.
processor and the nenory can be suppl enmented by,

d
't cgr at coL T Resp bt A B G R r BT Sl gt o

ck' 264 coth ehf‘ \EEH 40N fREer R, bmhﬁﬁaaa@ch il deveedEutginent,
aV| ng a display device such’as a CRT (cat hode ray

sutib ey arnappliGichl sexyei dr @x Inswradt sdivep |oaybat mshides p ffogi-end component,
sglclfra)s! g cllmrr]l ccl)rglfng:grnﬂ}?gvlm%na graphur:]ﬁ ulsjéc"r%tel ace o aneixgarnaét %ro%% , Or any

combination of them. The components of the system can be connected by any form or
medium of digital data communication such as a communication network. Examples of
communication networks include, e.g., a LAN, a WAN, and the computers and networks

forming the Internet.

The computer system can include clients and servers. A client and server
are generally remote from each other and typically interact through a network, such as the

described one. The relationship of client and server arises by virtue of computer
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poi nting device such as a nouse or a trackball by
whi ch the user can provide input to the conputer. The
WO pwensi3en can be i nplenented in a conmputer SyRBCEDS1005029149
i ncl udes a back-end conponent, such as a data server,
or that includes a m ddl eware conponent, such as an
application server or an |nBérnet server, or that
i ncludes a front-end conponent, such as a client oy
progrpus rmAnihg vtk respactph Femputeis and havieg # shetgervgrrelationship to
%gte%net browser, or any conbi nation of them The
© ﬁﬁ fients of the system can be connected by any form

TSRO I e T R
Ngzg%%:lega it \Qﬁfdﬁéﬂg{d\?\%}x%s ’tPﬁ YafDhbs @ﬁg}ﬁb\hﬁ(ﬁ‘i@ %a?f?)% _ﬁaede without
€

s an orm ng e Interne
d

LEmINSHEM adscopcoitie nvbitemt Foarsarsgle asivantageous results
client and server are generally renote fro ea%h ohﬁg!
i dbe ghe cedl if §heistepe phthe diIshs ey FChNIAS Wi &k PELLQIEIpd4R adifperent
descrihed one. .Th ' ' Ll ; r I or
GRS 5o Ry T RS S P R Sl Ll B B, o
ifftRS BEADINeAsGAID Wédced an supplenhengedebyodthentongeners. The functions
relationship to each other. A nunber of enbodi nents of
andhpracessentindedingslgonbear) mey be perdermeddy Badparce sQitware, or a

will be understood .t hat | QUS;: L .Gkl
chatiseli oo aegarerag pY B PRRBE W EhR TR B ne
fﬁg%m%g@ﬁklon. For exanpl e, advantageous results may
e achieved if the steps of the disclosed techni ques
were perfornmed in a different sequence, if conponents
in the disclosed systens were conbined in a different
manner, or if the conponents were replaced or
suppl enented by ot her conponents. The functions and
processes (including algorithns) nay be perforned in
har dwar e, software, or a conbination thereof.
Accordingly, other enbodiments are within the scope of
the following clains.CL Al MS 1. A nethod of
nonitoring the performance of a radio frequency
identification (RPID) systemoperating to track the
novenent of articles through a supply chain, the
nmet hod conprising: receiving first information that
identifies each individual RFID tag being used in the
RFI D system wherein an individual article noving
t hrough the supply chain may be tracked by its
association with the received first information of an
RFID tag that is



10

15

20

25

encoded with the received first information and
attached to the article; receiving second information
w@emenssedd by RFI D readers and conprising the PEBUE1085/029149
of one or nore attenpts to read RFID tags as they pass
by reader stations at one or nore points in the supply
chai n; associating at |east3%onme of the second
information with the first information; and, conpiling
the first and second inf &t ¥hSand their
associations into a database. 2 . The nethod of claim
11, wher ei A rhdthod efmbrieaingi ths perfarfraneesati aoiadioHagquency
identifies each individual RFID tag compri-ses .
idewidiveriey (R0 Y3tem ORERER o Bacie TRRPREY SRR propeh a supply

) -erﬂ?é' rﬂeﬁnggasﬁ?ﬁ.' d first information that identifies
each 1'ndivi dua D tag conprises an electronic

product cadeivingFEt. infbrmdtive thetidedifies cashandivigualvii#Pdpg being
the received second informatjon c rises.informatio .

ussBou thegoTRRY & DFEL T BOBIOUR PG CRexE ER 2R Spgly chain

Iqre{ﬁé? grlgc Ay b%zlti%' ARt i e 18RS Efds@ FTRYAGRioh F Bh R¥IDftag that is

ual “tags are each associated with an EPC, and

eﬁd%@e@ﬁr&%@%@ﬁe?ﬁﬂé‘d fseinfanmptibednd attaoh¢die thabdiskse. 6.

The method of claim5, wherein the informtion

reseivisigi seepTidrinio Mo BANEIRESEDY RETDbeaslcry antl ¢qraprstigthy gesults of
in a plurali of | ' BEL hofhe of

op o s il Tea h R P LER RS ieB piy séadel MRUTRE 10 OF more
p§11ﬂﬁ;qg$}§3fs}¢bpll‘yQ;§§§; and the nunber of attenpted reads

made by a reader to read targt‘?'1 associated with _a_group

of articl essopiatiingyatripast 80meQ ﬁé@cmﬁmf@@w‘ﬂpﬁé@u&%ﬁ&“
.chain. 8 .. The nethod of claim3, wherein the
PR resul t s conprise at |eastone neasurenent

of the ti gembikemdNtstandaseaid ihfrmatish mdphedadseciniiomdnto a
nunber of the tags associated with a group of articles

detebasg. noved t oget her through the supply chain. 9. The
met hod of claim 3, wherein the predeterm ned nunber

2COr I esponde hextlodosfadiiner, rhareth the receivied diest aiforraaion that
associated with a group of articles. nmoving.together
idenriGesgch ieedngbRTIR el GPMIEEs FrESHHERS S°16H DRHGTm 1
wherein the received second information is sent from
3one or noiThe REHD G efxdmms!, sthereit eaereived few nfoyuatea the

1 rq%gidig{\;*g}lgh? iptdg%i“aﬁ ﬁ%ﬂg Ite%lgt c?o%i;\),r\qsgshanaélgcltr(:anlecSprggl\llcl,t dié Eﬁlsﬁl)g h
4, The method of claim 3, wherein the received second information

comprises information about performance results of individual tags.

5. The method of claim 4, wherein the performance results of individual tags

are each associated with an EPC, and the associations are compiled into the database.

6. The method of claim 5, wherein the information compiled into the

database is retrieved from storage in a plurality of data repositories.

7. The method of claim 3, wherein the results comprise the number of
successful reads and the number of attempted reads made by a reader to read tags

associated with a group of articles being moved together through the supply chain.

8. The method of claim 3, wherein the performance results comprise at least
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11. The nmethod of claim1, further conprising
receiving third information related to the environnent
WO poosddisho t he RFI D systemis operating. 12. TheCTEs1908029149
of claim1l, wherein the third information conprises
tenperature information. 13. The nethod of claim 11,
wherein the third informati 8h conprises hunmdity
i nformation. 14. The nethod of claim11, further
osompasusinegt pEdheitimatgkerol 2 readerrte reas @'ﬁd%t@@a%lec‘f pgnber of the tags

articl.es.bein ved, t her .
2SRz s wpe ARETEISS BFEE Bivell gD b et Bldbly chain
receiving fifth information about the RFID,system 16.
O e et hodhis mediod ok  BReIE e BHRIEcBrG] SRR JosSbonds to
the ej ' . 0 f i .
oSS R B BBy g g movin gt
tiFohaehyenpplptiaiin.st i cal analysis with the first and

second received information. 17. The method of claim

186, wher eitfc SIPRROMRMMST b Bidhecaial ¥edoad GefbRnitiess sent
determning a correl ati on between sone of the second
fionf eenmtrhae REID readees stivvhwedrand emfigaregitd sehd RFIDhiags associated

dat abase. 18. The t hod.of, claim 17, further
“qul%ﬁﬁ‘i@v%%ﬁgwﬁﬁﬁﬁugﬂ%g}%ctive action based on a
conparison of the determ ned correlations w

th . .
1¢or r espondihagnethashieltcdaing In derthen P%@%”&?ecﬁ@ng?ﬂé‘i PrRrston
af clajml .further | S ' 1 he conpil ed
1§%tle§tq g’&eeflglf?ﬁrﬂ%ltg%wﬁ%gﬁe %ﬂ?}l@ﬁs er ?Il(‘)%é%gl%telh argin for
reading tags in the REID system . 20.. stemfor .

HBoni tori ngﬁ‘@ﬁ’éﬁt @@We&%pregl qhgg&fﬁpfo%ﬂ]até%gompnses
' 1f] j RFI D) system operating to track the
t%%%e?]%ﬁ%yngﬁ?écl es ghrotjgh ? guppl y chain, the
od conpri sing; dr at abase:. . s
Gperably gt of et SopRReBER Dy o fis G5R5SRE numidioy
iﬁdﬁﬁﬁé%%' instructions stored in the program storage
evi ce, wherein when the processor executes the

recei ved i-nstr ' . e LRerhg 8 inf "
lﬁ‘" | owi ng %%é?%@%ggawr&egélﬁ%&? F(?Ig?usldri%eor rrawtgl%on that o
ab8@nhé bitREs eaaj%% nhoved vogitiak tHREuED thaguiydy diised i n t he

RFI D system erein an individual article noving

1ishrough t R, SHARLY o £O&hTM4, further comprising receiving fifth information
about the RFID system.

16. The method of claim 15, further comprising compiling the received third,
fourth, and fifth received information are compiled into the database for subsequent

statistical analysis with the first and second received information.

17. The method of claim 16, wherein subsequent statistical analysis comprises
determining a correlation between some of the second information and other information

compiled in the database.

18. The method of claim 17, further comprising determining a corrective
action based on a comparison of the determined correlations with corresponding

predetermined thresholds.

19. The method of claim 1, further comprising analyzing the compiled data to
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may be tracked by its association with the received
first information of an RFID tag that is encoded wth

w0 baeiosised ved first informati on and attached tPCT/E82005/029149

article; receive second information generated by RFID
readers and conprising the results of one or nore
attenpts to read RFID tags & they pass by reader
stations at one or nore points in the supply chain;
detsrsuind aitleashond pafrmenseemaint fRereading heesithisr R SRR t h
the first information; and, conpile the first and
2@econd i nhasyseadni fonmanitbritgehe passornat dlondionfrajuehey

_first database. 21. The system of claim 2Q, erein
emcatici{ VAD) -8R CPRFBRAR 1O (R A0 PHEH TS0 dicfyeh a supply
i ndivi | RELD .-t conprises an identifying serial
C}}?ﬂ’}’rﬁ}éerl%@aq C%a?nés'%t em of claim20, wherein the
recei ved §ifirssidatabdseramlt i on that identifies each

i ndividual RFID tag conprises an el ectroni c product .
code ( EPC}praegssorRperably caviled tog pogrampstofgss deyife feceive
.received sec: ' ' ' ' '
oS SR Rl o BT 28 SRR R PR IR Qsop excontes
the¥edctradQhstalcabmE, 83, prodessceiperfoliss the félmwingnoperatsnst t s of

I ndi vidual tags are each associated wth. an and .

t he assocleseive fisst anfernpasiopitha ddgohities ¢ask H@é‘ﬂ‘é‘lﬁigg 1D jag being

The of  cl ai,m 24 [ - i nf ' -
oS Bl B o HARUGAL D SbL R oy ci
iy BF 496k dd'byditsPsstic@dtioh Ywit thel adcBive e s irtformiagidn of én RPN tag that is

system of claim 23, wherein the results conprise the
emodbéwitbftsenecesed fist nEametiom and ¥tachehisehe aricl t enpt ed

d de b d t Q. d ' i .
a0 O S I AP L
rSHRPO PoreNRinbre 4fempti€o seAtRAMDAhgLasahsy gads byvaekier stafidis at one or

performance results conprise at |east one neasurenent
nmofe phiststin the supRlgichiyy;, a reader to read a predetern ned

nunber of the ta assocCi d with. rou i.cles
bei ng nov é%?‘)?laﬁ’ég Eeé"lst %Omeoﬁléﬁe ?el‘?gnégﬁg%ﬁ-ﬁ?gglﬁ g?t%’.tﬁég{% The
irﬁéﬁ?ﬁa?igh;oefnél?' aim 27, wherein the predeterm ned nunber
corresponds to a predeterm ned percentage of tags
associ at edompilhtha figst ang sefond irtfornhasion mod Ehed assapéations into the
t hrough the supply chain. 29. The system of claim 20,
figh €7@P35et he recei ved second information is sent from
one or nore RFID readers structured and confi gured tho
2tead RFI DThagystem obelpimn 89 wherein the received first information that

identifies each individual RFID tag comprises an identifying serial number.

22. The system of claim 20, wherein the received first information that

identifies each individual RFID tag comprises an electronic product code (EPC).

23. The system of claim 22, wherein the received second information

comprises information about performance results of individual tags.

24, The system of claim 23, wherein the performance results of individual tags

are each associated with an EPC, and the associations are compiled into the database.

25. The system of claim 24, wherein the information compiled into the first

database is retrieved from storage in a plurality of data repositories.

26. The system of claim 23, wherein the results comprise the number of
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with articles noving through the supply chain. 30. The

system of cl aim 20, wherein the operations perforned
whooblz13pr ocessor further conprise receiving tPCTUS2005/029149

information related to the environnment in which the

RFI D systemis operating. 31. The system of cl aim 30,

wherein the third i nformati®h conprises tenperature

information. 32. The system of claim 30, wherein the
sucbessiii] feafioantthe owmbermdaktsepted ipadyinage by Rgesdst (O FEad 1ags

The system of claim.30, .whereipn th [ :
ospRRA ) UG AHOPRE BIOERetH TPare Iergomey i S chain
fourth informtion about the ar&liﬁcllgs bei ng ngved o ot loast
2%.oget her The Bistem e P MAcTSLiNA PHrMaRGa TS eqfpyfse at leas
claim 33 L ' arf JA N XY fthe taes
oy BBt gjen) U e A IR LR TS raRla R hmled sUber of thetog
as3bastkd e RrbE sy atiels bdhg mbhed mygsthenthofughl the sudy chain.
wherei n the operations performed by the processor
s urther copDLiRen 6OIRNM 27, WigrdifgRipy&idtdrhvided nuh®er ¢diresponds to
and fifth receirved information into the first database
a peideuhived percentsgeadfitsgs asadcizedivith iagronn of artieles mpwing segether
second received information. 36. The systemof claim
thgeughifie sy didsequent statistical anal ysis conprises
determning a correl ati on between sone of the se

. cond .
29.nf or mat | Fhe aysterwphelpin 24 srheean Hisdairpadasaeqnd piqgmation is sent

dat abase. 37 The stem of . cl aj :
G L R RER AT oy R gh PeieEied ' R BIEID fage essociated
- LsSAsyiRd thhbigpnaeé aigplynedicorrel ations wth
Wgtgrrgftzcg%%ﬁdi ng p(lrS]lggdeter rﬁpg}}ned t hreshol ds. 38. The system
3gf ol al m 38 Tk BED OAPLhRLOS AN RO iR AnR Ay thefhocessor
ata to deteérmne at [east one perfornmance margin for
filrBRe tSEptiRAScdiving herdRifoBnstyet rehitedd8. theemvinvpoesirin which the
program product (CPP) tangibly enbodied in an
RIFhD systemitoepesiiei er and contai ni ng i nstructions that,
when executed, cause a processor to perform operations
310 noni t ofTht kgstereof damadQ evisiein theddird tffpepiien EpmMPprises
identification (RFID) systemoperating to track the
tOPRREEHETA IrMaYeT ¢l es t hrough a supply chain, the
operations conpri sing:

32. The system of claim 30, wherein the third information comprises humidity
information.
33, The system of claim 30, wherein the operations performed by the processor

further comprise receive fourth information about the articles being moved together

through the supply chain.

34. The system of claim 33, wherein the operations performed by the processor

further comprise receive fifth information about the RFID system.

35. The system of claim 34, wherein the operations performed by the processor
further comprise compile the received third, fourth, and fifth received information into the
first database for subsequent statistical analysis with the first and second received

information.

36. The system of claim 35, wherein subsequent statistical analysis comprises

determining a correlation between some of the second information and other information
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receive first information that identifies each
i ndi vidual RFID tag being used in the RFID system

wob@eesrse@n i ndi vidual article nmoving through PEEUS2005/029149

supply chain may be tracked by its association with

the received first information of an RFID tag that is

encoded with the received f#¥st information and

attached to the article; receive second information
capariled ant the detabmel D readers and conprising the results

of one or nore attenpts to read RFID tags as they pass
3hy reader Thé @bieans ddimdite finthemoompysignideerinmining e coup@ive action

chai n; associate at _ |east sone of the second .. .
based ep AepMBATSAROh thedeterpngd Gorrelfings Wgh corjpspondigg prqdgtermined
tthglfirs_t and second infornmation and their

& 8gﬁat|ons into a database. 40. The CPP of clai m 39,

S

d@ﬁﬁqﬂg It 1£208nd FRfrmafide mdlfh folRangGhddi iltHtOR PN eyseent

e recel ved second information conprises information

bout perfornman [es. I R6kb Vi . : .
o828ty Pl MRS P ol M o fan Gt
APPSR ntaiEnBDEti0as (et caeaskedutdd atse andotdseoriiopogorm

of attenpted reads nade by a reader to read.ta

op@siowisde swnitpt thepefprngice P aFadie Fegueney #5%%%83 (RFID) system
o A B3 SRBRH BB s e OB R raions
c&f isrifé}:]at ion between some of the second information
and other information conpiled in the database.

receive first information that identifies each individual RFID tag being
used in the RFID system, wherein an individual article moving through the supply chain
may be tracked by its association with the received first information of an RFID tag that is
encoded with the received first information and attached to the article;

receive second information generated by RFID readers and comprising the
results of one or more attempts to read RFID tags as they pass by reader stations at one or
more points in the supply chain;

associate at least some of the second information with the first
information; and,

compile the first and second information and their associations into a

database.

40. The CPP of claim 39, wherein the received first information that identifies
each individual RFID tag comprises an electronic product code (EPC).

41. The CPP of claim 40, wherein the received second information comprises

information about performance results of individual tags.

42, The CPP of claim 41, wherein the performance results comprise the
number of successful reads and the number of attempted reads made by a reader to read

tags associated with a group of articles being moved together through the supply chain.

43. The CPP of claim 42, the operations further comprising compute a
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correlation between some of the second information and other information compiled in

the database.



