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WD 2004/ 090783 PCT/ US2004/ 010019 FREQUENCY HOPPI NG
SPREAD SPECTRUM SCHEME FOR RFI D READER

WCORUWEHIREBEFERENCE TO RELATED APPLI CATI ON 5 Thi SPCT/US2004/010019
application clains benefit pursuant to 35 U S.C
119(e) of U. S. Provisional Application Nunber
60/ 459, 414 filed March 31, 2003, which application is
specifically incorporated herein, inits entirety, by
reference. BACKGROUND OF THE I NVENTION 1. Field of
the I nvention 10 The present invention relates to a
frequency hoppi ng spread spectrum (FHSS) schene for

FRE&UENEYEJOPMING SPREAD GHEOCTRURFSOHEME EOR RRIDI READER
nore particularly to a systemand nethod for

A 5 Radto EguUency Hademnt 3
TG !dPplibatsen slalhs bBACfivhurebaminerds €.3.6. §coig(apot U Provisional
. with RFID transpondersdtag%, 5r§ uE,e?1 ina varjety ..
ApplicapnaWpnbeat?/dar8.41é. led Margh e 8P) 3 cWRIchAApPligation fs; Specifically
: ) k @l W ' uding an RFID tag (e.g.,
mcorpogét%gohn%ré%gérfﬁéwkkﬂwegﬁﬁ Blifﬂ%géﬂteggéi nside) is brought into
a "read zone" established by the base station. The

base station transmts an interrogati ng RF signal that

i s nmodul at ed, BAC%@RQUN@@FTHEJM[&QMJ tag. That

IS, ig. igagi ng the.tag, the base station generates and

trans oLth s wave el ectromagnetic

di sturbance. at a particular carrier frequency. This

he tpieaitCifvestidh pilatiRdiy atfesyuevicy hopperespiosd spectium (FHSS)

order to inpart information ée. g., information stored
schemaifoniradiphisequgyicyi ideatifieation (REID) devdces dandaererparticularly to a

Sj al .is,the . : : . .
systempgrf ok o SRt BING HrBPmERT eited MEaP BETDTIALL By mgjgmenting
forced #E§46R80HBsPCT/ US2004/ 010019 When interrogating an .
RFI'D tag, however, the anount of tine that can be
spent _on a par I arrier frequency is regul ated

ti
%y P;J';g.': OTox@ G4

O

Radio Frequency ldentification (RFID) base stations, which operate in
conjunction with RFID transponders (tags), are used in a variety of applications (e.g.,
inventory-control, security, etc.). Typically, an item including an RFID tag (e.g., a
container with an RFID tag inside) is brought into a “read zone” established by the base
station. The base station transmits an interrogating RF signal that is modulated, in part,
by the receiving tag. That is, in reading the tag, the base station generates and
transmits a continuous wave electromagnetic disturbance. at a particular carrier
frequency. This disturbance is then modulated by the receiving tag in order to impart
information (e.g., information stored within the tag) into the signal. The modulated RF
signal is then reflected back to the base station where the imparted information is

extracted.
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Conm ssion (FCC). The FCC, at |east wth respect to
the Instrunmentation, Scientific and Medical (ISM
woandnosal y all ows transmitters operating undeCcTuiseo04/010019

Frequency 5 Hoppi ng Spread Spectrum (FHSS) net hodol ogy

to continuously transmt over a particular carrier

frequency for up to four hundred mlliseconds. After

that, the transmtter is required to transmt over a

e ri n

Qe Lo R ) RFRHOL el the RNt of iThd'H cgn be spent

on a tp”aatlitfm@ﬁ aaifrié fesqueaby f & rbgutatemubylr’ehé nftéddrak commmunications

ver a first frequenc to a.s f
CommigsighsFGChn T8 @%cs.e@ﬁ@astfva&’h B AP e AT ESEL i Soientii

f
and M?Mﬁ%l ﬁ\)//l'f’%e%?@g grlwgﬂ(@%lﬁetrgra ttetr S@paésrgglggat{nedc?r the Frequency
Hoppingr abréadebecEtHSS (;E/HSSl)rsrried;hctdwmy|tnecostmwuasd)edranﬁwmt over a

the transmtter is not mitti
particuley oATRY £ BIHETOY TR Kpndp 1our dTisig i BsencieRy , Afferdnat. the
transmg%mr o{ t%ﬁ?ér?é?‘ﬁl?bkléF bccﬁﬁeren( bérrf’*@@d@%ﬁ%y (i.e., “hop” to a new

I zation 15 and (ii) transm ssion/allocation
carrier tfragpienay). arfae. examgle, a:Hssswtﬁrewldrteertmauan Rirakigpal for four

e A e R YA S5 FRUGRRLEranemt e

RF sighhl Yt our tHiddtéRmailisbEShdd DvbF @lﬁ’éfﬁebbh@qrétﬁféﬂ@yt ¢hdl® to a third
same as (or synchronized with) the frequency at which

frequendye et®cei ver i s receivi ng. This is typically achieved

B, 8, A OBRD RSB ol SH T ATt e i

wastedeXRER tife tranSMItEIs @b@@l’fahbhﬂmﬁﬁ)(l .6li, ethahethehtedndnhieter is “dwelllng")
avai | abl e bandw dth é . e frequen ectru IS
Dwellinggeseltsifrorig sompase @%char%teélﬁﬁfﬁﬁml f(Gf@F iency synchronization

and (IliS%WSJlémglléd’aqﬂ)Heml e?z}m%e . that H‘@gf sg§ttems are traditionally

ion cycle'i ansmni

'designéd 1t6to éjb‘naﬁenamngcsyni:ht(rnlmmweqdem:lbbj slecothas wards, m most FHSS
C

secon onmmuni cation cycle i,s to be t{tansmtted over
i

systemshthesEearnainMaich the tegsmitieratemsmitingiaesisde, besame as (or
synchr&'ﬁég%( lmr)lt%" %d é‘tg%fbha r%?r]éoégwgfrrits hr%c%l mTHsefs typically

ecei to om C
achievedhbpnsing a conirsom algo‘nthﬂme(l er, aarmsalt;bﬂﬂmm kaowntto bbrhknftﬁe transmitter

and thg 1apduSt “FoUPHATRE &l TIPS GHICTT e dERIEAat e available
vanch % RGP RFY S5AL00] i b0 NI 5oy 80 s (.
seventgive fibquencies)), ahd Iteatt the fiest siomemugicatiar oyclgaiscto betthansmitted
over thg}ﬁstaclztgaonrnieﬁ IlgorpfouF %undred milliseconds, the second communication cycle is
to be transmitted over the second channel for four hundred milliseconds, etc.

By following the common algorithm, the transmitter and the receiver are able to
“hop” from channel to channel in unison. If the transmitter were to “hop” early (e.g.,
“hop” to the second channel before the elapse of four hundred milliseconds), the system
would become unsynchronized. In other words, the transmitter would be transmitting

data over the second channel while the receiver (in accordance with the algorithm)

-2.
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WO 2004/ 090783 PCT/ US2004/ 010019 woul d be attenpting

to receive data over the first channel. Therefore, it
wOoirmpersat i ve that the transmtter foll ow t heCcTtasa®mo10019

al gorithm and remain at each channel for the

prescribed amount of time. This raises the next issue

-- i.e., transmssion/allocation tinme variance, or 5

whet her there is a variance between the tinme it takes

would 5 gbEFRERa o a0 i 4B SR EY, Blorstor g mperative
that thd hg nahitirtieflow i tAB ¢cﬁnrrfo<nua|gbumm @d\dmémameatoedsh zhdniel for the

es one hundred and fifty mlliseconds to transmt
prescnhmbam‘roer‘ri@‘ftlrdata then two itens of data (i.e., three

W”gé%d%mér'aég %ﬁ%@ﬁe rgh) 'tr%n@Mns%ﬂQﬂo&ﬁ@eb%me variance, or

a srngl € ¢hannel cause it

whethelond@ fsake/gfriante btivesdribe wmd it ithies o tiameovindatat end the time
transmt three itens of data,

whi %p woul d vi 01J
allottedt(prre)rgqsqr@legjé@y(t,heecommgnsalg,qfltnrg & @éaduplg“ oﬁ'?) al otted time is
four huﬁlg qsd Rk (P}ds afid qe"%llées”?n@%bh@%d’%n@ﬁﬁt y Himse&@hds to transmit

| Secon per channel , the allotted tine

one |temﬁl oludatah ¢hdrt aws ifients 0§ datard.e. eﬂwaeshurldeedjmllnsen@ds worth) is all
d). Wile dwell d ft

that cag; b@,otga&)fgslr@ﬂlg f@@\lr\en% Sltln Perd o ?12{‘@30 ﬁﬁ%adJsséoct' R569 take four

hundre@%daﬁﬂ}?%ﬁééc%%dsttﬁeﬂat%rﬁlt RRfeel tdfhb ast dalasumibrﬁy@bmmate the
exanple, an FHSS systemthat does not require

time allbtte(d{l(uancpuswaohtooﬁ()ﬁategwﬁtm) stThis resufiin arstwelling period of one

nuncrod B eSS S o, SRR R VLR g e

equa|s{f{@awgmﬁ% ok, & ansmi ssion rates are achi eved by
the "hop" rate. In other words, a maxi

\i\/i’mias«hwelshn@rpermds are [ofien agspaiated Wiih spEtemAghaing 3 the above-

o RS T TR ER e S8 s AP Rl n s

systemoth:%f o8 hdt ﬂ@é[nré Hee dudpoy @i csiagiord mayOStllk experiance dwelling
frequency synchroni zation. This is because RFEID t

periodsc afhises desayae donesynsbepnized R3S sygtenso @lqﬁyy opergte under the

assumgtmggt%l gg{?lé(ﬁﬂﬁﬁ] ?é&p%&@)&r\éﬁ %télso&ﬁﬁéeogfi)( Hiﬁlﬁfﬂ?ﬂ@'tﬁé “hop’ rate.

In othelwI Wdréé es dhanimUim eranswiisdionirateswiligoe achieved - gmmdlhmmore time
Nonet hel ess, because such S sterrs typically operate

transmmhmdahawcb@%ﬁlﬁla cwrping’ romeNAlReiPLRERNES on rat es
agjlt?‘o&%gﬁf;@ﬁlg rh% g'epéﬂﬁﬂgl‘m Rhe MHSS méﬂh%bldg@"ﬂb not require

ter the expiration of
frequeridyesyromorizhitsr.edT iy is Heedase (RER) tagogan be designed to receive,

without “hopping,” signals transmitted over various carrier frequencies. This leaves the
RFID base station free to “hop” unilaterally (i.e., without using a common algorithm).
Nonetheless, because such systems typically operate under the assumption that
maximum transmission rates are synonymous with minimum “hop” rates, algorithms are
employed to “hop” only after the expiration of the time allotted by the FCC (i.e., four

hundred milliseconds). The drawback with such a system (i.e., fixing the “hop” period)
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hundred m |liseconds). The drawback with such a system
(i.e., fixing the "hop" period) -3 WD 2004/090783
WOeCH4useBe4/ 010019 is that a dwelling period i CTisaied10019
if the transmission tine is not equal to the tine
allotted by the FCC, as previously explained. Thus, it
woul d be advant ageous to provi de an FHSS schene t hat
forced RFID base stations to "hop" instead of "dwell"

when tim ng constrai [
s that B Geling | AR B Pea G RIS RS IS T\ YR FOoTgue! o the tme
allotted %&gﬁg%én%/ Blvisudhy 8Xpidmeda system and met hod for
roving transmssion rates in RFID base stations by
Thusl, énwotiidnbe fanivaetiag‘aoelqderwywdﬁo@g FHS$$ sghemst thatdarced RFID

base sgqtgtq@gﬁg: gﬁ&%’ag%%ggsogies tIl”I |ﬁﬁpgtE§ ],E]i': é(ﬁtsbaperhlbn the

transml%éﬁﬁ%@%ﬂhﬁﬁnﬁﬁﬂ‘at@e perforrred over the current carrier
equency or whether a "hop" to a new carrier

frequency should be forced. Mre particularly, in one
enbodi nent of the present invention, a base station

; of the
SISFEZS?L 5 bass BBy O VRO o (1)

Ffégeﬁﬁrt\)éﬁtléﬁ provides aodystérmearalmiettzddl fordmpaoving transmission

icular carrier frequeng ur sua
rates ir} GID dser EiE000F BycEPISOPBE L S IREY ThobS." T a preferred
f t )
embodl% ?‘?%3 tﬂ sgﬂ ﬁﬁ%ﬂhﬁ%ﬁﬁpﬁéf@%&%ﬁﬂﬁgdgﬁw fo calculate |
whethepP&fié et aramaat:ﬂ@ulcan thes apesfaahedmverathei quriént d¢asriee freqeency or
ase station to "h to ano r carri er, f,r,equen

ba
whether Ae hop s BcHav RamTHEe 4 erey RhRRIL R foreRg: VGRS Befiulany, in one
embodihidi: ofsfh%hpﬂesyﬁtlﬁ%r‘lﬂm{ Oé’%%sérﬁﬁﬁﬁh %ﬁb@é‘sé@t@ﬁ d@))‘lj@%hon with

orcing a as opposed to dwel
prograrhnafmmatlonrstdmen!em| ) Uasagﬁatlmmmemhé’) '&\ﬂ@lalp&ﬂ tO Kll) @efermine the

amound e SRRSRIE B 51 ok BRSOV b5 o oo

regula’ubﬂ@ Eh eah mé&&nhﬁ%ﬁ:éﬂ@nﬁf@}témﬁdtﬂ&ﬁoﬁQ%étltute (ETSI) regulations,
saction. In another enbodi nent of the present

etc.), (III) miewrmme the menauntefitimevi wauld ke t%pyé@mlanp%ﬁlcwar transaction,

and (mgg}rrf:% %ﬁggﬁttb?‘gpbs %E@P{Heg‘;cérgley\ggbﬁ sgct 8 transactlon

time is for@é’r%?@rfﬁ% %Fv@nlé'lﬁl@etirﬁé arglighga Glystene ivpaive tazmbmvesbudates by
Vi ng
forcing a “hop, as opposed to dwelling, when the transaction time is longer than the

available time. In one embodiment of the present invention, the time it would take to
perform a particular transaction is the time it would take to perform the next transaction.
In another embodiment of the present invention, the time it would take to perform a
particular transaction is the time it would take to perform the longest (or “worst-case”)
transaction.

A more complete understanding of the system and method for improving
transmission rates in RFID base stations by implementing forced frequency “hops” will
be afforded to those skilled in the art, as well as a realization of additional advantages
and objects thereof, by a consideration of the following detailed description of the

-4-
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transm ssion rates in RFID base stations by

i npl ementing forced frequency "hops"” will be afforded
woaoddheem3skilled in the art, as well as a reaPCTAS2®A010019

of additional advantages and objects thereof, by a

consi deration of the follow ng detail ed description of

the -4 WD 2004/090783 PCT/ US2004/ 010019 preferred

enbodi ment. Reference will be made to the appended

sheets of drawngs which will first be descri ;
proferregy paVDYMER ERPRSERF M GE BREORHS BieApREaIed ihgeis;of gravings
which vl g%%%méé%hbéb%ﬁléﬂw agram of a RFID system i ncl uding

a base station and an RFID tag; Fig. 2 further

illustrates the RFID base station depicted in Fig. 1;

Fig. 3is aflowchart illustrating one enbodi nent of

et ot TR B IEION Do DRABINGY ehar!

illustrati
FigV €ns izoencelfudiboch BRJESCH # RN &fstdrEneRErERRERISe station
EMBODI MENT The present invention provides a system and
and an figtlRdagds or i nproving transnission rates in RFID base

i iy Moln
e d3Ten b RS TRRETS bR SRt (ReIERelin FIOEE eyt
Fﬁlg.lnEli@ia S‘ploa/(rjmwﬂls'mdsitratimgaene eheddikentoktnernresentsnvention; and
illustrated in one or nore figures. An D systemin..
Hech iR es s REagnd Ao peE ETPmEnPCbg oot hvéhtion.
invention is illustrated in the conceptual bl ock
diagramof Fig. 1. A base station 100 includes (in
part) an RF transmtter 102, an RF receiver 104, and
an RETAHED DIESCRIMEBEN:@ REFERRE AB O]

1) - 2
eceiver ,104. .An RFI. ' o
55 Ptebs a0 5 i ubtPual o et ansmisson
rates iFRFID BHseesdtidAdL byanpl@nsahtimng esresdifrayueecyi‘aopd.16In the detailed
~and an antenna 114. The RFID tag 110 may furthe )
description| b fallavsoliks @IRTIOShOHMETAIS. alfhiuseadia Aesaybpdike elements
illustratgtggr[n ?_?%% orrﬁcgjeﬁ@ge?nd/or witten. In reading the RFID

Station 100.-interrogates the tag 110

RY REIENEy&eimoh aitcRidamicgnaith dkerprindiples i afr thier prasent jnvention is
The carrier frequency, and nore . . .
illustrated in the conceptual block diagram of Fig. 1. A base station 100 includes (in

part) an RF transmitter 102, an RF receiver 104, and an antenna 106 connected to the
transmitter 102 and receiver 104. An RFID tag 110 such as may be used in conjunction
with the base station 100 includes an RF front end 112, a signal processing section 116,
and an antenna 114. The RFID tag 110 may further include a memory (not shown) in
which data may be stored, retrieved and/or written.

In reading the RFID tag 110, the base station 100 interrogates the tag 110 by
generating an RF signal over a carrier frequency. The carrier frequency, and more
particularly the amount of time spent transmitting over a particular carrier frequency, will
be discussed in more detail below. The RF signal is coupled to the antenna 106 and
transmitted to the tag 110. The RF signal emitted by the antenna 106 will, ostensibly,
be received by the tag antenna 114 if the tag 110 is within the transmitting range of the

-5-
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25 particularly the anobunt of tinme spent transmtting

over a particular carrier frequency, wll be discussed
wonowmwersslet ai | bel ow. The RF signal is coupl edCrastdee/010019

antenna 106 and transmitted to the tag 110. The RF

signal emtted by the antenna 106 will, ostensibly,

be received by the tag antenna 114 if the tag 110 is

within the transmitting range of the -5 WD

e <0 B BT SRR P S o 43 s o

threshdid f&QliRiMémethes eaxiD talgr BENQilH respyuidrtentbet recepioriRel he signal by
tag 110 will respond to the reception of the s

- modulatindthatRingarier Reingpar irfermationgaptt | @qraﬂt%i@hgeggl%&?}?gcaﬁered

.t he.t . - d o h .
wr o] SR e DA, BRI s o I e e
informatbarcanttheektipatetied 5 information can be extracted. A

detai ]l ed di h ' i
Briore deiris AROIBBpGE NeCAT]Y. D3 SeHioRt APpel Shown n Fig. 2.

Specificgég&?g{ég%géfgnlelaeerhaé&in%rﬁ,t f'h%rbalééostiaﬂéﬁ lﬂl@@ﬁné\uﬂ@@”@gﬁemow device

_ and a processor 210 connected to an
220 antirsapssdesser 210Zoanectod \RFam &fetrassmittet 104 and an RF receiver 104

o TR B ) G by D ) et 2,
respecg\%ﬁgﬁlvgéﬁlib{t rrBahnd TheRMDa{gNdidife sinldP dedd (inda@ior@dnce with

_ ata (in~accordance with 1information stored in
informatioa smed yindthe ceerp2(y aedicen28P naind dafosmelip cerayided by a host

sopicaaolBFS Binfle) 3 RADcaBeD ) S5 dbeg B mracs siona
data by fHe DA cBANNAEE 202 2874 trangmittetntonitict REID tad bia el iarsxgitter 102

via the transmtter 102 (or nore particularly via th
(or momnparticelaciyrvia dbe dntenneahgonnemiadite te tr@@é@lwrgée@)@g- 1. Back-

Back .15 scattere [ j
soatorBctd Ty i S e BB Rl gy gafuteny o antemns
conneEEN B8 Bice fdevdri8eé &g V)81 cdrveetelliigto dipjtal datavmey thedA/D converter
into digital data by the A/D converter 2

04, d .
204, anst pravitiast tootherropeesas 28 (ex otog ke qu,thqrcprggeerslﬁ%:] gtgred in memory

roc ] 0] rovided to the host

220, p@g@@ﬁéi?ﬁ%@%féf%ﬁﬁan”?ﬁ&é oo hout 6 be.
RIzPIOBR] Bé ¥ tedithatrévenmy idegic22ZP(ldepictastini g. 2 includes,
st s ot B B, Pt b OB, v

5 a 4 ; ) hrer i'ves, !
. r e Y :

v, SETRYBRRELAI 7 SRl U0 B PR ooty roun
those dMilleshiauthd drur it soukicfuathpr be iappeztiatedtthatihepprocessasr210 depicted

in Fig.221icr)1c(|]|ue eis(,:ia(a(’tj is not limited to, application specific integrated circuits (ASICé),
processors, microprocessors, programmable devices and all other computing devices
generally known to those skilled in the art. It should also be appreciated that the
location, type, and/or number of components illustrated in Fig. 2 are merely to exemplify
the environment in which the present invention operates, and should not be considered
limitations of the present invention. For example, a RFID base station including more

than one memory device, having components in different locations (e.g., a D/A

-6 -
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in Fig. 2 includes, but is not limted to, application

specific integrated circuits (ASICs), processors,
wai2ermpesessor s, programabl e devi ces and al | POTS2004/010019

conmputing devices 25 generally known to those skilled

in the art. It should al so be appreciated that the

| ocati on, type, and/or nunber of conponents

illustrated in Fig: 2 are nerely to exenplify t he

convertgﬂ\gyll ﬂ%d rﬁ8§mﬁ£e ggﬁéé]rﬁgfyegé\?p%,ﬁ@erﬁ ons oB?%@g%%on etc.), or

having %"d%ﬁ%‘ﬂtal (S Bt RonfneptePhvithiratibpirbasrl stepe ofithe present
uding nore "than one nmenory device, having

inventia—onponents in different locations (e.g., a DA -6 WO

RORATRDNED LRI SN o ORIETIG, BRI o saon s

adapteétt@tdaﬂﬂulat@tWhébhe@renohghItme i divsilapialto (pmrfdrawere) next transaction
conmponents is wWthin the spiri agd scope of

over thpr@geant carAcefieruancy Ar ¥hsikare l%ﬁ*ﬂo'ﬂg ‘Ppe’ to a new
carrier '?rre%@%ﬂkm Q«%&SF@ Mﬁiﬁ] r?hk}@n i Qrdpsktshat | a% b&a@@épfﬁ%d Federal

et her ough tinme 1s ava|
Commurecation® Cohenmigslont (GG dbr exanmpler retgmteartheramoanfr petime that
frequency ,or whet hﬁ_r t he, bas st ati.

| d
can be SPAGLP CHHANATT POGRUY For 57 SeREHTEH APRLP MG Foluerc) Hopping
Spread! r%m m X HIS) Sdévﬁze@eolﬁﬁsﬁtd@elnﬁﬁgeﬂ@ tlme that can be spent

ons ‘Comm ssion (FCC), for exanple,
(continu@gsly)adrea pialnticidancattienfrequensytthdour bandred mqﬂ@@poaﬁs

RPG PAD B G 20 P aTeE P RABgRaLD; Wi information
stored Q-lhn":he 1990 é?d/bhﬁﬂf&l‘n@tldméﬁovﬁﬁé@j B¢ tE® @Bkt application (not shown))

ontindously) on a particular carrier frequency to
is adaptedr thudetesnhing IWh@tbebrﬁmugReftIme‘r|lﬁgaa@@hﬁ‘3t’@ megforr@ the next

versas B 0 o O PO BAHBR rou vop
to a ne t‘tean"?@lsﬁre@.li’emdy%’éfbﬂi‘cdrﬂﬁien%:hx@;vtﬁ)a)trar1a&c’f@ldr&uol\Aim‘etp@irtlcuIarly, in one

eterm ne whether enough tinme is available to perfo
embodinmentrafihe IBesentrisventionn thw erocessoe g P dint C@awwt@ﬂ with the stored

anctor BT i PSS 08 AL e s on

a partidul & &REEF RBquAREYE(eRRT lelfsulaﬁf ioyFCOWre@nlmtloaB‘pEdeﬂme’gulaﬁons etc.),
the present 'invention, processor 21

(ii) detemnpe,”hl@@ iaarouat toh tmﬁ;ltgﬁywl@(gakeam pgﬁog‘p(ﬁ,pég@ular transaction (e.g.,
’transmk‘cnwgr gg& ﬂ%br Lo?oggt%ptt% iﬁ]t (4 %‘ rlgggﬁae?ofrt:néérl'ﬁf Erjggjuenc Bt Rbrst-case
scenanb@ étc.), and gilpfurcé @ “Fxﬁ}ﬁl tocanother carsier FE§Leneyiiltbe transaction time
is longer than the available time.

One method of increasing the transmission rate of an RFID base station is
ilustrated in Fig.‘3. Specifically, starting at step 300, the amount of time available on a
particular carrier frequency is calculated at steb 310. In traditional RFID systems, this
amount of time coincides with the next “hop” (i.e., “hop” after the allotted time expires).
At step 320, the amount of time it would take to perform the longest possible transaction

(i.e., the “worst-case” transaction) is determined. For example, if two possible
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20 (ii) determne the anount of tinme it would take to

performa particular transaction (e.g., transmt the
waoends/ovemsn of data, transmt the largest item eCTAE2@4/010019

(i.e., wrst-case scenario), etc.), and (iii) force a

“hop” to another carrier frequency if the transaction

time is longer than the available tinme. One nethod of

i ncreasing the transm ssion rate of an RFID base

transactgél%t( nglggaldz {i-€sit g%,tlagrg%tdrqaqéggt?gwﬂ of caatﬁergghfti'eﬁwaég]ld/on takes fifty
mllhsecgrl%Qae[ﬁd é?ﬂ'agé whitd fr?ﬁéaétfoﬁ%ﬁ%bnbﬁwmkw nsitiedoaidss tieplonger of
n traditional RFID systenms, this anount of

the two amirszctiess \ig. hdat&ewnmatwcwidﬁye pﬁe@ Thq«,@,gymgtp@rcqlﬁgpe d during

steps oS0 o AR A Ry B o o b

perform%ﬁ%\ﬁ#%b%rréﬁt carriert ﬁ@quewysm— @tese%(l (lamswhtetrmn)theéransactlon
eterm ned. For exanp if two

time is @@94#1@!9(UT@QVEGHWSEMM/‘{)&@O%@WQW'§n¥§§t f@%’% tl@(p%tetaansactlon is

perform%pa%fsggpa%ﬁ) ! i%grggaﬂgef ?P&c%s tltsgéé% X 8daA§%@%§9elgt if the answer is

“No,” thefi & ehbparsretédat fsakﬁs4©r(6e hwlmeirbezdemtiatlmmélmmaﬂstp a hew carrier
| onger of the two transaction

roquenggeT sae pextrani P PRAPTBAC ce Bid p Ve Sdyengy at step
350, ena @g&rgégsé St étggrﬁg@sed to cal cul ate whet her the next

n-can performed over the current
Wthbﬁhwéth@dluﬁﬁmyreamngtt@p Badsrhission, raikef ey Rfhle base station is

llustratemen Eigsvier SPecTGaly, Stafis at AEemANE. F6 Al e e avalidble on a
partlculgﬁsgﬁfe'f"?%q% nﬁ)tr ?s%éﬁ@late‘d“gi SepldR). DAP§[@>‘E>S42&I thé %lmcﬁfrﬂ of time it

er nati vel e answer 1| s No, then a "ho
would thke ¢ecpeaforst ﬂ'l@ B8exI tansaction He.datransmiitthemexh #eaY Of mf@rmat'on

o s Sl T RFHSHEN s 58 LA DE b K90 seyntner e

next tra‘?‘é@cﬂ@ﬁ‘%‘aﬂ%é B@rf@n‘rﬁé@%eﬂhéb@@e@tﬁ@améﬂmaheénogenl‘e)dwhbther the
I ncreasi ng the transm ssion rate of an RFID

transactibattinoe is fessi manstheaa\aﬂabﬁ ting). 4f th@pé'@$\’f’$rc§| IY3PS then the next

transacion :jtglrg%%% 400 5()% %ggﬁ@t“g chggkculs"i‘%(ﬁ gb@bl glté’r"r‘natlvely, if

the ans@é} |s"\F\los"ttﬁgnAra%hopt h@fcﬂ’ﬁ@@l“?dt stﬁp tmcm EXd the/vba‘sei staiioea "thops to a
performthe next transaction , tragsm t

new Carri@"rfrmuen@wandtth©ﬁeXﬂEa@%Ct'Pnl'§ P@éﬁoérﬁﬁ G’ H%P%W fxequency at
nf ormation i s t an at step 430 to calculate
step 4&%@9%}9 tbﬁé)roc%se%( ﬁtgég'ggctl on can be performed over
HEGIngUIHLB N Hes@ibdde enibiceimentsy of ia eystemhearitemethed for improving

transmission rates in RFID base stations, it should be apparent to those skilled in the art

‘that certain advantages of the system have been achieved. It should also be

appreciated that various modifications, adaptations, and alternative embodiments
thereof may be made within the scope and spirit of the present invention. The invention

is further defined by the following claims.
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transaction tinme is less than the available tine). If
the answer is "Yes," then the next transaction is

woeodsgwomssl at step 450, ending the process at BCEWSZB/010019

Alternatively, if the answer is "No," then a "hop" is
forced at step 440 (i.e., the base station "hops" to a

20 new carrier frequency) and the next transaction is
performed over the new frequency at step 450, ending

the process at step 460. Having thus described

enbodi nents of a system t hod for inproving

transm ssion rates in Rm stations, it should be
apparent to those skilled in the art that certain

advant ages of the system have been achieved. It should

| so ) [ : ' idd Jifns,
Qdapt/gfz?&oﬁg@gﬁgg%ﬁezﬁﬁgﬁne@nlggg?Sﬁtgﬁ?’stnmr?gf may

be mage RFIDhbasd lstatzropdapied tpremmuticataewpih eaelgast one RFID
i nvention. The inyent I\ﬁ%ﬂ is further defined by the
tra SPORFRY S@i‘%ﬁﬁé[s 80 RS PO BBUY8S PCT/ US2004/ 010019
CLAIMG 1. Apdhirdr 8gxs@aYtol fendmiti redld ﬁ@g(l&fib)DXRF) signals to
system conprising: an RFID base station adapted to
commsdic at keast bhe RFIDdegnspendeRFI D 5 transponder;

said RFID base.statjo ri i .ng: ' i at
ot ot Rt B RRBBOE S BaPeRre rom sad
sai d jahsi GRSRFAVEraREpEhdsranagonder ; a receiver adapted

to recelve RF signals backscattered from sai

d at . .
| east one ®AIDCesanispleatially sprnnested §p osaidsEansmitter and said
electrically c nnecté(g(ij to said transmtter and said
r ecei 'CEPVeLAILANNED Wo: deterni ne the anount of tirme

avai |l abl e on a {dteRhineattd emounteofutiney avdidlde nomen tfingt carrier
amount of tinme it would take to performa 15
parti cul arfrequgigdcti on; and change to a second carrier

frequency befor g salfheafHBm&int of time it would take to perform a

particular transaction; and _

changé to a second carrier frequency before said amount of
time available on said first/ carrier frequency expires if said amount
of time on said first carrier frequency is less than said amount of

time it would take to perform said particular transaction.

2. The RFID system of Claim 1, wherein said particular transaction further

comprises a next transaction, such that said processor is adapted to determine the

amount of time it would take to perform said next transaction.
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time available on said first carrier frequency expires
if said anount of tinme on said first carrier

wobnreguweosy i s | ess than said anount of tinme i PCwwSR@4/010019
take to performsaid particular transaction. 20 2. The
RFI D system of Claim1, wherein said particular
transaction further conprises a next transaction,
such that said processor is adapted to determ ne the

?gﬁggg?f%ﬁlﬁgyswgﬁ?k@ é@ﬁ%%ﬁf %é@nh%ﬁiiﬁqgge@r}?action further

compri36s aRvbRtsskaramfactbaj sudh thitessd precisdopas bidapiedrto determine
transaction further conprises a worst-case

the ampphebie diwowddake kapedaing thy leessbpossiblgdegitsagtion
determne the anount of tine it would take to perform
the | ongest possible transaction. 5 4. The RFID system
9f d dThe RFID\Asgste'rm of &ldinpalr, twivarear saidapsraicuiamrtransaction further

further ri ses WOr st - ansacti on, uch t ha ,
compriggs @ WPB%&@@ rtr%saggfa géch ﬁwaies@é RIMESSPhe & @féeterm'“e
the ambhﬂ?of fimaQthBuiPtRe 49 p%‘?frofn%rtﬂbtlé‘ﬁ%és‘?g@%ﬂ@ﬂ%ﬁéé’ét%n with said at

transaction wth said at | east D transponde
least on® R IDTtrensRenDesyst em of Clai m 1, wherein said
particular transaction is a transnission of a
particul ar RF signal, such that said processor is

gdapt ¢HetRF®ts€;rsferﬁeof ChanaoYiterefn tslame p'aﬁld(\ﬂ)éH &ahgé@.on is a

to transmt sai'd l_partl cul'ar RF signal. 6.
transmisgionedi apadicaian Rl signal esuchsthiati S@ldrnrio@@ﬂsw i$ aaa@taa@t toatetermine

L e e T

in response thereto, such that said processor is
adapted to determ ne the anDunt of time it would take

o trhhemht!Dsaysiep0iiFlaime wiergingiaifl Pariculaelrangastioads both a
transm%%lhn[)f %f Paﬁgm%r RF nggrl)ﬂ ér‘?é( Gt 8x;§§c§§ﬂé ;/r%pé@t'b&y _of R 8art|cular RF

parti cula nal~Yn responseé

signal IRH-laéb@rygd teretb, @J@h tha];,safdertdceesmmdbﬁtewms@étérmme the amount
| east one RFID transponder. 8. The RFID Sﬁ'tenem of

of timedf wowld fakenta BrRSaH; SRIRPRDIMATRE 9ignrARd thengxpected amount of
time it \EBHQrth&%o %M%ﬂg%ﬁﬁﬁg%fﬂéﬁ%ﬁéﬁﬁﬂ lsponeBeht Rt t ©

processor

7. The RFID system of Claim 1, further comprising said at least one RFID

transponder.

8. The RFID system of Claim 1, wherein said RFID base station further
comprises a memory device electrically connected to said processor, wherein said
memory device is adapted to store at least partial program information as to when said

processor should hop to a different carrier frequency.

9. The RFID system of Claim 1, further comprising a digital-to-analog (D/A)

converter, said D/A converter electrically connecting said processor to said transmitter.

-10 -
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25 nenory device is adapted to store at |east partial
programinformation as to when said processor shoul d
waam4ooom3di f ferent carrier frequency. 9. The RETMS2004/010019

systemof Claim1, further conprising a

digital-to-analog (D)A) converter, said D/ A converter

el ectrically connecting said processor to said

transmtter. -10 WD 2004/090783 PCT/ US2004/ 010019 10.

The RFID systemof Claim@8, further conprising an

anal og-to-digital (AD) converter, said A/D converter

qbect mheEY §PNBRCHT ORI, duRhecesmprising drbralog-to-digital (A/D)

receiver. 5 11. The RFID systemof Caim1, further .
convertarnpaidsh/Pcenverten stasitrieally coangcting aalddupoessat dangridsiesgiver.

said transmtter and said receiver. 12. A nethod for

i nproving transm ssion rates in a radi o-frequency-

Hdent iThiec RIFIDNsYdREND)of bakmstatfudher comprissigig thhsceiver, said

performng a first transaction wth at |east one RFID
transceiveneyBRURNg §aist transmities and said &cefeEquency:

determ ning the anount of tine available on said first

carrier frequency; deternmining the amount of tinme it

waul d At aketion pfer f enpravingar tracsrissiont rratssacin om; rado-frequency-
) Lforci id RFID, base station to hop to a second
identifiggfin g:?Flf)S@&ﬁéﬁ P CBP"SEY d anbunt of tine

avai | %HSrrﬁﬁ‘lgS?'fﬁlstfﬂréﬁéa&i@hrMﬁﬁ dt eS8t esHeY RPID! r&Ssponder over a

said "anmount “of time on said first carrier frequency

fisstlcasertftemuesay,d anount of tinme it would take to

e B HGAS SRS RS Lo P Eatenoy
anmounyeffrmitih§ethet anilind dfakiget @ WBLIOtERE toapdrfcr f particular

transaction further conprises determnmning the anount
tansaction;t woul d take to performa second transaction.

14. T th i . i i d_sten.qf
det er ermrrrﬁgsa[?cﬁ| ﬁﬁ%e%%ﬁé&ﬁﬁ@ﬁ%@ Iafsae:,c\:gﬂﬁ ac%?ré% fre?oouency before
B&Id @hfBunt RS fimeu baaildla s aidHirdtucaitier feoquericyesxpires if said

determ ning the amount of tine it would take to .
pardunt f 4meo pB tsaich §est asmerdeequancy dailessahiast said ggnount of time it

TS BREFR B ASAdP g arkcatsac | on (hat can be

13.  The method of Claim 12, wherein said step of determining the amount of
time it would take to perform a particular transaction further comprises determining the

amount of time it would take to perform a second transaction.

14.  The method of Claim 12, wherein said step of determining the amount of
time it would take to perform a particular transaction further comprises determining the
amount of time it would take to perform a worst-case transaction, said worst-case
transaction being the longest transaction that can be performed by said RFID base

station

-11 -
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station -11 WD 2004/ 090783 PCT/ US2004/ 010019 15. The

met hod of Claim 12, wherein said step of determ ning
woheosmoonsat of tinme it would take to perform BCT/US2004/010019

particul ar transaction further conprises detern ning

the anount of tinme it would take to performa

wor st - case transaction, said worst-case transaction

bei ng the | ongest transaction that can be perfornmed by

sai d | D base tatjon and.with said at |east o

31 b thareptiaee” CHIT hoviRRdaosr SBpprers g B amount of
time it%kLﬂ’d sHiePtPpedSHB b AR RRindBBLBH fithertddiBprides@stetining the

take to performa particular transaction further

amount aofptimsel Wetldr tekei ty pemermagoyatstease| ii@nsactippulsgid worst-case

take to transmt arti radi q f E):
ansalfi g ok 5 Pdecl BERB P g e DERHEREY S5 RPID base
stationSdrRPwRth selRt &858 oYk RFED anPEponddr. tine it would take

to performa particular transaction further conprises

determining the anount of tinme it would take to

gﬁgns Fhb r?eo ¢ é)Fé‘éﬁl’E?a{ ?,ﬂjtxlﬁ%fefrﬁ?é‘@g‘%ép(d?':c}etérirﬁiﬁﬂ{ga%damount of

aroun time g to recelve
time it Wesid feitey ® PErfsirgrzapaiticalar seindaetion @atiter cbnonsesRI¢tBrmining the
transponder. 18. The nmethod of Claim 16, wherein said
amound pEEMfIt pekIdbiakedg tRnsmise paticylardadio Fqaney RN Sidiel.
one RFID transponder further conprises transmtting a
first RF signal to said at |east one RFID
7 ans ffapdeeihosladdCldimst 2, RFharieim abidastdp i dbteamininguther amount of

tm it auF s 5 e 35 SRl Pk AR bR M ing tre
amoung"i'ﬁ‘ 8mel® woll® (4 RPFafdmElpantiddiar YEE6 FHaucy (RF§RigHal and an
, etermning the anount of tine available on Said

amount iof dimee hati it mightetpkentoyrecaivena respamsives B signphfronysaid at least

Rlébé amount, of 25 tine that the RFID base station has
one REIPHANAPAEEY been on said first carrier frequency to.

an amount of time permtted by the Federal

Conmuni cati ons Comm ssion (FCC). -12 WO 2004/ 090783 . i
peT/ USheomashod19f Claim 16, wherein said step of performing a first

transaction with at least one RFID transponder further comprises transmitting a first RF
signal to said at least one RFID transponder, said first RF signal and said particular RF
signal each comprising information selected from a list of information consisting of

commands and data.

19.  The method of Claim 12, wherein said step of determining the amount of
time available on said first carrier frequency further comprises comparing the amount of
time that the RFID base station has continuously been on said first carrier frequency to

an amount of time permitted by the Federal Communications Commission (FCC).

-12-
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20. The nethod of Caim 12, wherein said step of

determ ning the anount of tine it would take to
weoeod4goomsa particul ar transaction with sai d at PCEasS2004/010019

one RFID transponder is perfornmed prior to said step

of determ ning the anbunt of tinme available on said

first carrier frequency. 5 21. A

f requency- hoppi ng- spread- spectrum ( FHSS) net hod f or

use in a radi 9- frequency-identifi ' El D).

Hovi cbhe Eﬁg?géﬁfﬂg?%ﬁ ﬁgn}é/&e{?lpﬁglé%fe%dr §Fd§§él{ﬂ?lng the amount of
time it fvg&gaet%‘k)é. {qgﬁ;)err%hanal pdMellaR tharisstticarwittersaid ratceasicpne RFID

1 eterm ning the anount of tine available on s

id ,
transpdhidesis perfoireed prieqtesaig: stepief detarAinigdtthe %ﬂ%‘ﬂﬁtoa‘ld'fme available
time it wuld take to transmit a particular RF
on Sa'dglrﬁh%rf'e\fﬂﬁﬁﬂg?ﬁ"fyti ng a 'second RF signal over said
first carrier frequency if said anmount of tine

I | abl id first ier f i ter. .
Ehan AdianueDsydepaing-ehrerArReE U S vakeetiad foatihin 2 radio-
frequerfg%'-igpﬁﬁfgqtét@\}jgﬁ%g 480i80omaRdhg.r ansmi tting a second

econd carrier frequency if said )
amounfra@émitiime aviist ataideo oinecuertyf i(RE) signei eaver a first carrier
frequency is less than said anount of time it would
frafeen®:transmit said particular RF signal. 20 22. The

FHSS 8@@%%@%@ SinBuktof t}%@%@bﬂ‘atﬂéidﬂx &di@BirQfcarrier frequency;

det er m ni ng amount of tinme it would take to ,
t r ansdéterminag the anzourRofding@al would take tooligRsaite particular RF
determning the anount of tine it would take to _
$iI9RAk i t sai d.second RF signal. 23. The FHSS nethod of

d ai m24 mﬂﬁr&‘%% Be&sHd RF eynal ovet eald firstacdrtier fraGuency if said
anmount o? ti It would take to transmt a particul ar ,
&mcsing rod | tirhar availablsowpr saidsfirsiciasiian Meayenns iaigater Jhan said

time jt,.woul.d t o,t L.t . Sij ] i. t he
rirgeLor R Ruhieekt ¢ RIS T saRoREcRlfTe) sefd B0 BE
be traps&sniticd P¥esaHd RRFEBndevieca sd@ndxaties @e0essy if said
PCT/ US2004/ 010019 24. The FHSS et hod of d

, ! img1l, .
amouné of torepavailable oRs2id Bist @farr&rtfé@qﬁqnqyds?ess %an said amount
of time it would take to transmit said particular RF signal.

29 The FHSS method of Claim 21, wherein said step of determining the
amount of time it would take to transmit a particular RF signal further comprises

determining the amount of time it would take to transmit said second RF signal.

23 The FHSS method of Claim 21, wherein said step of determining the
amount of time it would take to transmit a particular RF signal further comprises
determining the amount of time it would take to transmit an RF signal having the longest

transmission time of any RF signal that might be transmitted by said RFID device.

-13-
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transmyt{ing gsiReen

the amount of tinme it would take to receive a
nmodul ated RF signal, said steps of transmtting a

weoeeoemrndo®5 si gnal further conprise: transm tti RQTAS2004/010019

second RF signal over said first carrier frequency if
said 5 amount of tine available on said first carrier
frequency is greater than the product of said anount
of tinme it would take to transmt said particular RF

§hgnal1'h@rﬂ-i%§inrg%th%w3ﬂ§@fn gﬁg@r@érm&iﬁgaﬁfé ét%ﬁgoféietermining

recei ve sai ul"ate ransmtti

the ansainof Wmesitgwalildotake fmirdcesiee andnodulaicslr R smahcyaidf steps of

sai d am)uat I%)f,ti vail able on said first carrier

R gigga ef FBMBY'88uct of 10 said ampunt
of ti fRnbhithRY ! sbakifd IFF lsiH2$ Bvier Siidl fipd &gt @FecfBency if said
Si gnaf%gﬁ@ltgg#cﬁjsgmunﬁf g?iiﬁrre itr vchJuI dt akeI toecI ney it sal
aseint of timiedavaildbleatresairFirsti gpraer. fre@uentlyds BRSSentianoline product

Cl,ai m 24, [ [ f..d i,.Ni . .
Sl ook ot AL B R ShEPaastn SHLED I8 g ano sa
Rnoting BatimendwbeRehKe té rébeid sdigthnoddaldd RF@gHal; and
further conprise: determning the anbunt of tinme it

woul dtraagmitting ersaeonttRRasiIgET svghadid sespndgarier frequency if said

B RE R R SRS b eReR Lo AR aati s dbaf tnd] & product o
s4ig aeunt obfimii ifvould talghto trakemiteai¢paitictilar RF signal and said
nodul ated RE 20 si Enal in response to transmtting

agioynRe Bingrikyvouisviake te Freaivingreigimedyatad REisignalt i ne.
-14

25. The FHSS method of Claim 24, wherein said steps of determining

amounts of time it would take to transmit a particular RF signal and receive a modulated

RF signal further comprise:

determining the amount of time it would take to transmit an RF signal
having the longest transmission time of any RF signal that might be transmitted
by said RFID device; and

determining the amount of time it might take to receive a modulated RF
signal in response to transmitting said RF signal having the longest transmission

time.
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