WD 2004/ 090783 PCT/ US2004/ 010019 FREQUENCY HOPPI NG SPREAD SPECTRUM SCHEME
FOR RFI D READER CROSS- REFERENCE TO RELATED APPLI CATION 5 This application
clainms benefit pursuant to 35 U S.C. 119(e) of U S. Provisional

Appl i cati on N&r%ﬁ@/°9%?§?459,414 filed March 31, 2003, whi chPEBFS084e500M i s
specifically incorporated herein, inits entirety, by reference. BACKGROUND
OF THE INVENTION 1. Field of the Invention 10 The present invention relates
to a frequency hopping spread spectrum (FHSS) schene for radi o frequency
identification (RFID) devices, and nore particularly to a system and net hod
for inmproving transm ssion rates in an RFID device by inplenenting forced
frequency "hops." 2. Description of Related Art 15 Radi o Frequency
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frequency. This disturbance is then dul ated by the receiving tag in order
to inpar Yncomﬁraﬁeﬁdﬁr% t"b'.?sgent'rP{Yf gyﬁ%@f%ﬁ’estor ed within the tag) into the

signal. The nodulated RF signal is then reflected back to the base station
where the inparted information is 25 extracted. -1 WO 2004/090783

PCT/ US2004/ 010019 Wen i nBAOKGROUND ©F REEDNVENTIOMNevVer, the anmount of
tinme that can be spent on a particular carrier frequency is regulated by the
Federal Cormuihi catEﬁlﬂs__hﬁJbMﬂERﬂ'l of t iIPAn (FCC). The FCC, at |east with respect to
the Instrunentation, Scientific

10 The present invention relates to a frequency hopping spread spectrum (FHSS)

scheme for radio frequency identification (RFID) devices, and more particularly to a
system and method for improving transmission rates in an RFID device by implementing

forced frequency “hops.”

2. Description of Related Art

15 Radio Frequency Identification (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,

20 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

25 extracted.



and Medical (1SM bands, only allows transmtters operating under the
Frequency 5 Hopping Spread Spectrum (FHSS) net hodol ogy to conti nuously
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milli secondg‘.glo%u{“@?&%at, the transmtter is required t oP¢VHPRIMRIMYIer a
different carrier frequency (i.e., "hop" to a new carrier frequency). For
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'designed to operate using synchronized frequencies. In other words, in most FHSS
systems, the frequency at which the transmitter is transmitting needs to be same as (or
synchronized with) the frequency at which the receiver is receiving. This is typically
achieved by using a common algorithm (i.e., an aigorithm known to both the transmitter

20 and the receiver). For example, a-common algorithm may dictate that the available
bandwidth (i.e., the frequency spectrum) is to be divided into seventy-five channels (i.e.,

| seventy-five frequencies), and that the first communication cycle is to be transmitted
over the first channel for four hundred milliseconds, the second communication cycle is
to be transmitted over the second channel for four hundred milliseconds, etc.

25 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)
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that the transmtter follow the conmon algorithmand remain at each channel
for the prescribed anount of time. This raises the next issue -- i.e.,
transm ssi on/, 0(3?/?30?8? time variance, or 5 whether there is a variance
bet ween the ti kes to transnmit data and the tine RATGi2end/ 01919
prescri bed) by the comon algorithm For exanple, if the allotted tinme is

four hundred mlliseconds and it takes one hundred and fifty mlliseconds to
transmt one itemof data, then two itens of data (i.e., three hundred
mlliseconds worth) is all that can be transmtted over a single channel.
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al gorlth ué!&?he@%hlﬁ rib@)." hop" only after the expiration of the tine
al | ottedggy t he y%. , %our hundred m | liseconds). The drawback with

such a syst enV\(hlleedweHlnglpﬁgIOdﬁeal'ehoﬁen msspoidied wihvgysteos/ femdrmgihe above-
PCTI H:»s 2004e/n%99& characteristics, they are not limited to such systems. For example, an FHSS
system that does not require frequency synchronization may still experience dwelling
periods. This is because non-synchronized FHSS systems typically operate under the
assumption that maximum transmission rates are achieved by minimizing the “hop” rate.
In other words, a maximum transmission rate will be achieved by spending more time

20 transmitting data and less time “hopping” from channel to channel.

Traditional RFID systems operating under the FHSS methodology do not require
frequency synchronization. This is because RFID tags can 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).

25 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)



Is that a dwelling period is created if the transmssion tine is not equal
to the time allotted by the FCC, as previously explained. Thus, it would be
advant ageousa‘; & i de an FHSS schene that forced RFID base stations to
"hop" instea Q1 4/?(;"\% when timng constraints prohibit PCHAIS2604/010019
transm ssi on of addltlonal data. SUWMARY OF THE | NVENTI ON The present

I nvention provides a systemand nethod for inproving transmssion rates in
RFI D base stations by inplenmenting forced frequency "hops."” In a preferred
10 enbodi nent of the present invention, the RFID base station is adapted to
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perform a partlcul ar transaction, and (iii) force the base station to "hop"
to another carrier frequency if the transaction tinme is |longer than the

availabletine. Such a system.i Qves transm ssion rates by 20 forcing a
“hop," as opposed to dwelli U YiQR T ONtine is | onger than the
avail abl e ti e bedng iRERAGK Wldég als @teﬁ{%methéﬁ’?d}tlhﬁﬁowﬁ@?rahé sldh

woul d take to Er forma particular transaction is the tinme | take
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program information stored in a base station memory) is adapted to (i) determine the
15 amount of time available on a particular carrier frequency (e.g., pursuant to FCC
| regulations, European Telecommunications Standardization Institute (ETSI) regulations,
etc.), (ii) determine the amount of time it would take to perform a particular transaction,
and (iii) force the base station to “hop” to another carrier frequency if the transaction
time is longer than the available time. Such a system improves transmission rates by
20 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”)
25 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
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WO 2004/ 090783 PCT/ US2004/ 010019 preferred enbodi nent. Reference wll be
made to the appended sheets of drawings which will first be descri bed

briefly. BRI TION OF THE DRAWNGS 5 Fig. 1 is a conceptual bl ock
di agr am of aaFIQF%BE/'?@z Pem i ncluding a base station and anPRE{US2Q0481008 g 2

further illustrates the RFID base station depicted in Fig. 1; Fig. 3is a
flow chart illustrating one enbodi nent of the present invention; and Fig. 4
is a flowchart illustrating another enbodi ment of the present invention.

10 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT The present invention
provi des peefeyyed embmaimant h&eférence mill dei mgde tartbeiappended rshieets dhdRMiMYDHase

stati Onswga{pt{\&@![fﬁ r%t%?r%”[)g{j elg frequency "hops." In the detailed

descripti ‘ement nunerals are used to describe like
elements 15 illustrated in one or nore figures. An RFID systemin
accordance with the principles of the present inventionis illustrated in
t he conceptual bl ock diagram of  Fig A base station 100 includes (in

part) an RF transnitter - DESSRIPLIQN.QF THEDRAMINGS Ant enna 106

connegted to ERe 1 kT RBSHBp®S] bioek @Rerdr®ofavVRFICH AfsteADiddl bakeGtss) as
may be used inggonj uncticér?ttzo w th the base statig%elogﬁrr@%%es an RF front
end 112, and@ndg®fD tegbcessi ng section 116, and an antenna 114. The RFID tag

110 may furth ' 0, ' Wi C ta may be stored,
retrieved and/E@r b\?\%#&ﬁ'#&“l%&%ﬁﬂ??i% %ﬁ)'%{ F%@%ﬂdn Fgﬁ'eﬁbase station 100
i nterrogat es Fige3tisg flohOcHayt illgstratingtdrnegerabodimesit ghthle sresentdnvettiohpand
frequency. The carrier frequency,. and re 25 particularly the anount of
time spent trB&@sfiig ?ﬁ'ﬁ@’ g\pg}iﬁgstéimgiq{mt %&bﬂl’%ﬁ%%@ﬁé}ﬁ% Nt pventieR:

di scygsed in nore detail below The RF signal is coupled to the antenna 106
and transmtted 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
wi thin the transBETAILED DES{ERIATIONOF THE PREFERRED EMBODIMEN

The present invention provides a system and method for improving transmission

rates in RFID base stations by implementing forced frequency “hops.” In the detailed
description that follows, like element numerals are used to describe like elements
15 illustrated in one or more figures.

An RFID system in accordance with the principles of the present invention is
ilustrated 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

20  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

25 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
transmiﬁed 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
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WD 2004/ 090783 PCT/ US2004/ 010019 base station 100. If the field strength of
the RF signal satisfies a predetermned read threshold requirenent, the
RFID tag 110 will respond to the reception of the signal by nodulating the
RF carrier t&Q3pup? £nf ormati on about the tag onto. the BeERSzwavtoersed RF
field. The RF f|eId I's then propagated to the base station 100, where the
inparted 5 information can be extracted. A nore detail ed diagramof the

RFI D base station 100 is shown in Fig. 2. Specifically, in a preferred
enbodi nent, the base station 100 includes a nenory device 220 and a

pr ocessorbadé Gtationne0a. edf the fisld BErehgthnsithe tRIF sighal satisfies Blﬁrécmainviﬁéd 184d via

d | - D/ d
2on'vg'r§2#hrtf8n§31reg %éﬁ%@%t %"ibter 12'%nw Pr%@éhqa fégthen'@CRpt'@?pﬁg §l95a@
si gnal dafigyiath aﬁm%oﬁﬂ%&?ﬁeﬁ"{ot Enpdrf‘ bﬂ’bb’%tu?"cﬁé’téd; hﬂﬁtr@eeyéus&%&? 220
e ost appli t Shown

and information prOV|d by a I cation (no I's provided by
t he procé¥steld21he Rorfiedd ithenpropagatieddo shehabe stidioa 190, mMieretie doparted er
ran n1tte RFID tag via the transmitter 102 (or nore

202,
partlgul éfPS/m RANEHA eaﬁf(tiaﬁgdconnect ed to the transmtter (see Fig. 1)).

Back 15 scatt gr gabrédaddtaied dipameoritve RAID bhse rsmwnveooli@%nmn WIrEg. 2.
particul %t rly. the antenaér connected to the receiver (see Fi 1)), converted

i nto di giaPgcifigaltya img preferedrerebediment the base St&ﬁ‘@”ﬂﬁ@\)f‘@éﬁe? 6 m%oﬂ’r%&%or
210 (€. 9200lghdP8 p wetsesf 210 %ﬁﬁé@t@a tétawr@ﬁ tt Hgﬁgge};m ard ’angﬁp‘fﬁgé%rt fo4 he

host appli1cation shown) , ). sh ou recr at at the
menory ded adlgztzetqﬂamﬂlog éB/A)rcdnvgrteQZG)z]ehd@esanal@tdadlgutah(ﬁniab converiee@0dp,

RAM ,cache P E har d dr| VeSs

A 467 REHBEIY. WWhES ToBREBEng IR 4 M i et el BB £ oo
ski |l ed iinfofmationr storéd iAhiel ehdridryh@svide 220paRE | inforthatibat probigedr BE es skt 210
deplcted in Fig. 2 includes, but is not limted to, appllcatlon speC|f|c

i nt egr at @@phqe}tlem pat shewmy jubroyidsddasBesropessos g Bcearvsrted iptaialesrainal
devi ces %'afh §¥'t eﬁbh@ 8°ﬁ 130 Ui i REIY téé:j;QW‘thEQrathHﬁt?er% | ed

in the art SO be appreciated that the ation, type, and/or
nunber of(orcmnrmpamcmarlylmmeaaetxbnna deingected do éhentnraabittey (egeergi’f)y Babls-
enV|r nnment

oI 8 B g A, LR L PR B s B e
station icBrheted e Y Rceiver (see Fig. 1)), converted into digital data by the A/D converter
204, and provided to the processor 210 (e.g., to be further processed, stored in memory

220, provided to the host application (not shown), etc.).

It should be appreciated that the memory device 220 depicted in Fig. 2 includes,
20 but is not limited to, RAM, cache memory, flash memory, EPROMs, EEPROMSs, hard
drives, removable drives and all other types of data storage devices generally known to
those skilled in the art. It should further be appreciated that the processor 210 depicted
in Fig. 2 includes, but is not limited to, application specific integrated circuits (ASICé),
processors, microprocessors, programmable devices and all other computing devices
25 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
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t han one nenory devi ce, having conponents in different |locations (e.g., a
DDA -6 WD 20041090783 PCT/ US20041010019 converter within the transmtter,
a nmenory devj| to the base station, etc.), or having additional
(or fewer) c@pﬁ@?ﬁsgl s within the spirit and scope of tRET/HSIEEMI0019
invention. In a preferred enbodi nent of the present invention, the RFID base
station is 5 adapted to cal cul ate whether enough tine is available to
performthe next transaction over the current carrier frequency or whether
t he base station should "hop” to a new carrier frequency before performng
t he transemvdrien.within thé tabsmoiiesea hieendry dievize eMnmhtd tret bases siatiom; atsi)par

(FCO), for .example, u ate t he amgunt o I e can be ent _on
Cer Cal n BAVIG AOCHtEingl S eRie sbmpeBnt s 1Pt 988 shit® andtSihes o £ B Pregont
Spread SpRehtienn ( FHSS) devi ces the FCC limts the tinme that can be spent
(conti nuousl y? on a particular carrier frequency to four_hundred

m | |iseconds. NRafrefarrad agwiodinnentmfgtheopresart iveetien oiheoREIN) ibase otiptincis on
Wi th 4nf Hgf?tEH% Fﬁ%@ét@%ﬁ%&@%%ﬁ@l@le%(y@ﬁa e?fet? rﬁ%rﬁmhgr%q%sgﬁt@r{‘ﬁe

host app I'cation ted to whet her eno

i s avai | a¢rethieocyreartt crami¢hequeadcy I whetheatite basestationhshauld ‘leopt” toaa miegs
frequenc et her h base station shoul d. "hop. .to new_c

fr equencbebEr JREBERkeIP T, PEFBTRE Gac FRdtRctioRy & Tt s hacalFs the f-epsal
enbodi MegonPhuribstidiseSeMmiksiBRNFOD), fdr@(d%ﬂéeﬁégmilataé(ihéld?n@tﬂﬂl &fNgrhé QAatM t h
the stored and/or provided information) is adapted to %5_ determ ne the

anount ofan paEpanten g@rt@nmm%rfmuﬁn@as aAsmsr:m@d Ab@fuemETequengy Hopainguant
to Fee rwgﬂ%agit '%%%tryﬁrg u'd@@/lb@éwtheetlfbé lirdfls ({He) 1 etﬁgf N&nt b8 @E{?Wt of
u t e 1o per S

time it m'a par'ticul ar transaction tran t the
next |te(nout|nulrau$¢y) drrapamcularmarrlarfr@qaena){terfomfhmmirad(nmlheecomtsrst case
scenari o),

the transacti %ﬁ e(rlrpga ag%p It%)rfg% ?H??n PPQ{%SQQ,Fa??Q&Frg%EDPﬁ@E g&v&bﬁﬂuenc%nl f

i ncreasi g@rdd'y ltn(e 12981 £HY/brahforRatien FW&@B?%éhaét' éﬁbllbﬁtlor?ﬁwdﬂshﬁ%?)at ed
in Fig. 3. Specifically, starting at s t he amount of tinme available

on a paist adapted tardetermineewiethey e@,oum élmeatléda\éaﬂa@taaptosmerfonnm theadext onal
RFI D 15 ys&%ﬁ'@am.&ﬁ over the current carrier frequency or whether the base station should “hop”

to a new carrier frequency before commencing the transaction. More particularly, in one
embodiment of the present invention, the processor 210 (in conjunction with the stored
and/or provided information) is adapted to (i) determine the amount of time available on
a particular carrier frequency (e.g., pursuant to FCC regulations, ETSI regulations, etc.),
20 (i) determine the amount of time it would take to perform a particular transaction (e.g.,
transmit the next item of data, transmit the largest item of data (i.e., worst-case
scenario), etc.), and (iii) force a “hop” to another carrier frequency if the transaction time

is longer than the available time.
One method of increasing the transmission rate of an RFID base station is
25 illustrated in Fig. 3. Specifically, starting at step 300, the amount of time available on a
particular carrier frequency is calculated at step 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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anount of tine coincides with the next "hop" (i.e., "hop" after the allotted
tinme expires). At step 320, the anmount of tinme it would take to performthe
| ongest possible transaction (i.e., the "worst-case" transaction) is
det ermi ned. PS}2084%8M%e, if two possible -7 WD 2004/ 0907 #BT/US2004/010019
PCTI US2004/ 010019 transactions existed (i.e., data read and data wite), a

data read transaction takes fifty mlliseconds, and a data wite
transaction takes one hundred nmilliseconds, the |longer of the two
transactions (i.e., data wite) would be used. The information collected

during ghRRRtSAS e&&@ecﬁa% | §atilY@Bd UFRIOd4te witb W ab® Mt Reisdchen Rakds fifty

transaction can be 5 performed over the current carrier frequency at step
330 (i .emillisgeonderandha detawsite trapgaction hekgssona-kendrad millisecends: thebloager ofe) .

1 4he R fedneaBBing (LOSHatGiR5 Hlould BESREH Ofhd ol kol @U5H, 350

endlng € process a erna rve € answer hen
a "hop" stepbddeandt 320 ep tBé@ Usedeto, calbelatmsrmalheat then néhbtrahsamiloan o&n be

f t t t th
carrior PRESTEgYar e airont Goies eahanny of RIShP SL A<, ReUiBE e SNSRI er
net hod ofiming ledasthas tﬁé‘ﬁvénfa%'l@fﬁn’é?' Fihé ahswef lsa"‘}’egmtﬁ)eﬁ’?r?@néktaﬂfér%%cﬂén is

illustrated in Fig. 4. Specifical starting at step 400, the anount of
ti me avap¢ddmedoat stepphQ, |e¢1airwrtheamrope¢s afr slenaifdy Altewmativelyalf doe answeejs 410.

transace G HEtGe B ZaBieed HEstch 3 st P seCotRlion didP=1d6 B8 qayrer
cal cul at gdquettyy ahatios nekt teansastiér &rperfechedtovet ¢ie A8 dadrierdfreuents avkripher
the next transaction can b %(Egééorned over the current carrier frequency

610w eiding e RregeRs-aLS me is less than the available tinme). |f
t he answer i SAnother methed of hﬁ:ré‘é‘éfﬁ% thed %ﬁ@ﬁirs's% bate F?ﬁré(nORFfﬁﬁi b%%essttﬁtfbrﬂéo

end| ng the process at step 4 ernatively, he answer No,
a "hop" ilystraied dnl Fig. 4st Speciicallyi stemngtatestetaéQO,smatamwr‘ftmﬂthme amalabtet)omuew

Fr equenchrSPHIBLEElieR RRab ol R ABT BE beB 10 RENCRATS it gl ote
descri begogldttalée e pesfonh the snesa erahemiuoﬁe(e@dtréMmit Mive Pekniemt afanfominatiomn
rates in RFI D base st ati ons, sh be apparent to those skilled in the

art 13 hattCods palw'%a%ﬁ%&@w%&é%m DReH 20 stap. 430 de irRlspiale Whetaaiolied
al so be eyt transaction can be performed over the current carrier frequency (i.e., whether the

transaction time is less than the available time). If the answer is “Yes,” then the next
transaction is performed at step 450, ending the process at step 460. 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 embodiments of a system and method 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
25 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.



25 appreciated that various nodifications, adaptations, and alternative
enbodi nents thereof may be nade within the scope and spirit of the present
invention. The invention is further defined by the following clains. -8
CLAIM5S 1. A radio frequency identification (RFID) system conprising: an
RFI D base station adapted to conmunicate with at | east one RFID transponder;
said RFID base station conprising: a cramssntter adapted to transmt radio
frequency (RF) signals to said at |least one RFID transponder; a receiver

adapted to receive RF s nal s catt fromsaid.at |east one RFID
transponder; and a’JAHR %%Pcye'ggﬁﬁ?@éh(@%g@?ﬁf‘?&f%pfBlgSal d transnitter and
said receiver, and adapted to: determ ne the anount of tinme avail able on a

first carrier freqaeREY) baddetaiomadaptadite cammumitate fwithiamieasttoneRHID ttaaspenden

perform a par tdi@ RFA basé gtm@@ﬁlbggn .and change to a second carrier frequency
before said amount of time available on said first carrier frequency

expi res when said anmount of tinme on said f|r t carrier enc s.l ess
than said amount of ti m TRRSH{fieradenicdda tapsmitia ‘PJWH‘I‘%“&Y ER]'IH ulé %l‘?l‘d at least
transaction. 2. ThendkFID teapspoadérof C ai m 1, wherein said particul ar
transaction further conprises a next transacti on, such that said processor

| s adapted to determ N alr SivelRiPed & reldiv %m%a@ksrcak&edt@om R&d hokm SRl d
next transaction. %FBQ o fre puency | entitication (RFID) system
conprising: an RFI E%”SQ?’QFT 8'?1 adapted to comunicate with at |east one

RFI D transponder; said RFID base station conprising: a transmtter adapted
to transmit radi o frequencyce{sbFglegrigutialcsntected & shidatrarsadtetr andsmd Riekiler, and
t ransponder; adapted to:

determine the amount of time available on a first carrier frequency;

determine the amount of time it would take to perform a particular
transaction; and

change to a second carrier frequency before said amount of time
available on said first carrier frequency expires when 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.

3. A radio frequency identification (RFID) system, comprising:

an RFID base station adapted to communicate with at least one RFID transponder;
said RFID base station comprising:

a transmitter adapted to transmit radio frequency (RF) signals to said at least
one RFID transponder;

a receiver adapted to receive RF signals backscattered from said at least one
RFID transponder, and

a processor electrically connected to said transmitter and said receiver, and
adapted to:



a receiver adapted to receive RF signals backscattered fromsaid at |east
one RFID transponder, and a processor electrically connected to said
transmtter and said receiver, and adapted to: -9 determ ne the anmount of
time available on a first carrier frequency; determ ne the anount of tine

it would take to performa pafele il te abBRSFfiRE %alaﬂl’%@ﬁﬁmtsalﬂfﬁ% 3};“' ar_

transaction conprises a worst-case transaction sor
adapted to determne the amount of time it would take to performthe

| ongest possi bl e transaction; de&ﬁamehl&r@@uvbofaﬂ%eml%w? toeperfor gupartisylar
bef ore said anobunt of titrapsaceumi Wisndie il paticuliri tradsagmnr camprisese guenistcase
expires when sai d amuntira@factibnBudhnthat$@idhrédesssi isCadbftbEto det@MURNEY athSunk 86S

than sald amount of &I Maihd it Wabh th BiSerbih 1B RRERT RSl raRBEAE b

transaction. 4. Aradio equency I I catl system conpri sing:
an RFID base station adapted to conmunicate with at | east one RFID
transponder; said RFI D base chengeitors saspfsh fastigigfrequency diskyie seid ameuaiprfding o
transmt radio frequencyavgildb)e @isgideira chvieseqieral ekgites twhensad bt of time on

transponder; a receiver agapiedriep rtQRAVE 1&F hah IRdlamolR Ot sigRtit R6Q4 tdké @
said at |east one RFI Dpte; &?&(})d”l aetc,ulaeprg [ocessor electrically connected

to said transmtter and ‘'sard rec %Ctlgadapt ed to: determ ne the anpunt
of tinme available on a first carri er frequency determ ne the anount of
time it would take to performa particular transaction, wherein said

particul ar transactA eadiofedpéncs aRntificaisrsREIMASEsterh fdmpeghg.on, such that said
processor is adapted to determ ne the anmount of tinme it would take to

performthe | OngeSt Hﬂﬁﬁl b%lseestgtl{o%na acf d %ncovnvllngurr]uc% V(Vilth at leasF g‘r%etnglll?) tra{:rells:;I)onder
t ransponder; and
said RFID base station comprising:

a transmitter adapted to transmit radio frequency (RF) signals to said at least
one RFID transponder;

a receiver adapted to receive RF signals backscattered from said at least one
RFID transponder, and

a processor electrically connected to said transmitter and said receiver, and
adapted to:

determine the amount of time available on a first carrier frequency;

determine the amount of time it would take to perform a particular
transaction, wherein said particular transaction comprises a worst-case
transaction, such that said processor is adapted to determine the amount of
time it would take to perform the longest possible transaction with said at
least one RFID transponder; and

change to a second carrier frequency before said amount of time
available on said first carrier frequency expires when said amount of time on
said first carrier frequency is less than said amount of time it would take to
perform said particular transaction.

5. A radio frequency identification (RFID) system, comprising:
an RFID base station adapted to communicate with at least one RFID transponder in

accordance with a predetermined hopping sequence defined by a frequency hopping
algorithm; said RFID base station comprising:

-10 -



change to a second carrier frequency before said amount of tinme available
on said first carrier frequency expires when said anmount of tine on said
first carrier frequency is less than said anount of tine it would take to
performsaid particular transaction. 5. A radio frequency identification
(RFID) system conprising: an RFID base station adapted to conmunicate with

at | east one RFID transponder..in ceor tth a \ . g
sequence defined by a fraet(rqaﬁ%mngtﬁr %dgﬁtﬁgﬁ)gtga%gﬁ géﬁ%%ﬁueﬁg?gﬁﬁéﬁsggggggﬁg SPon
conprising: -10 a t¥&aREM tesPoidgtapt ed to transmit radio frequency (RF)
signals to said at |east one RFID transponder; a receiver adapted to

recei ve RF signal s backscmtdiwsadhptedasreaiveRBtsighgladicksnageredRirbi shidankponder ;
and a processor el ggiipiGaldondesongect ed to said transmtter and said
receiver, and adapted to: determ ne the anbunt of tine available on a first
carrier frequency of the hoppi ng s,ecluence; determ ne the armount of tinme it
woul d take to perform a doRPesseancketricallygoangeted 3o saidyirapsanifier aaf Jaid 4p%ei Vet RAT
transaction is a tradmgedtesi on of a particular RF signal, such that said
processor is adapted to determine the anount of tine it would take to

transmt said particular RF S(le%ﬂlnét Q%oﬁwgﬁxetaQail%bl%%ﬁglr}gsgl(E%i'éli ﬁéqugﬂc?]gf'enfy

of the hoppi ng sequence tgéa ore salid anount o i

: tinme avai eonsadfirs
carrier frequency expiré B8 SEW Y anpunt of time on said first carrier

frequency is less than said anount of tinme it would take to performsaid
particular transaction. 6. A deatinie/ftheeguencyf iireitwduld ake onpdriih R) pastycstaem
conprising: an RFI D baserstRtibNwRGIAR! R particiMudiaaiod W hhirakmlssiastofone
RFI D transponder; said ed%ﬁlcﬁ(a sigéai"ts 84“{1&959?& B%‘e%&g?r R MAAAPH hd&hiRdapt ed
to transmt radio frequency ) srgrials to sald a eas} :

amount of time it would take to transmit said particular RF signal; and

change to a second carrier frequency of the hopping sequence before
said amount of time available on said first carrier frequency expires when
said amount of time on said first carrier frequency is less than said amount of
time it would take to perform said particular transaction.

6. A radio frequency identification (RFID) system, comprising:

an RFID base station adapted to communicate with at least one RFID transponder;
said RFID base station comprising:

a transmitter adapted to transmit radio frequency (RF) signals to said at least
one RFID transponder;

a receiver adapted to receive RF signals backscattered from said at least one
RFID transponder; and

a processor electrically connected to said transmitter and said receiver, and
adapted to:

determine the amount of time available on a first carrier frequency;

determine the amount of time it would take to perform a particular
transaction, wherein said particular transaction is both a transmission of a
particular RF signal and an expected reception of a particular RF signal in
response thereto, such that said processor is adapted to determine the amount
of time it would take to transmit said particular RF signal and the expected
amount of time it would take to receive said particular RF signal in response

-11 -



one RFID transponder; a receiver adapted to receive RF signals backscattered
fromsaid at | east one RFID transponder; and a processor electrically
connected to said transmitter and said receiver, and adapted to: determ ne
the amount of time available on a first carrier frequency; determne the
anount of tinme it would take to performa particular transaction, wherein
sai d particul ar transactpedioiaadboth a transm ssion of a particular RF
signal and an expected reception of a particular RF signal in response

thereto, such that said proceﬁsor S ada'{ét ed.t(% det erﬁ?Fe thg anount. . of
time it would take to transmi’PaNggity ApseFAndcarif Treaueey Paroreaid eRa il il di%d
anount of tine it woul davailebleto spiddisst gerigrafreguesigy exrigh sherRpaidaraeimt of; tpne on
response -11 thereto; aad fechanger froquancyds esdthemsdid emodnt ef timadywidd cketsai d

anount of tinme avail ablg o Sfi frculastarstibh.er frequency expires when said
anount of tinme on said first carrier frequency is |l ess than said anount of

time it would take to performsaid particular transaction. 7. The RFID
systemof Caim5, further conprising said at | east one RFID transponder.

8. The RFI D syst emTht REIRsysted), of (@meh, furtheri comprsify nidsat l@btamng BRID tartspander.
conprises a nenory device electrically connected to said processor, wherein
said nenory device is adapted to store at |east partial programinformation

as to when said proce should hop to.a diff t carrier frequency. 9.
The REI D oyt dm bf 10 BHID VAP O GIBSIEE B R B PRE S AGh SO ETIEr
conver t ememosafeyic®y electrisalieanpected ockidi predesspr, vdwreécsaih memaryddepice deadapied to
sai d tranrtm ittlkt patthl poigRnRfdematysit 81> oherGatd pro&essol WhiduldehiopCto rpdiffartm Gardier
anal og-tqfqule%}t al (AAD) converter, said A/ID converter electrically
connecting 'sal'd processor to said receiver. 11. The RFID systemof C aimS5,
further conprising a transceiver, said transceiver conprising said

transmtter and said receiver.
9. The RFID system of Claim 5 further comprising a digital-to-analog (D/A) converter,

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

10. The RFID system of Claim 8, further comprising an analog-to-digital (A/D)
converter, said A/D converter electrically connecting said processor to said receiver.

11. The RFID system of Claim 5, further comprising a transceiver, said transceiver
comprising said transmitter and said receiver.

12. A method for improving transmission rates in a radio-frequency-identification (RFID)
base station, comprising:

performing a first transaction with at least one RFID transponder over a first carrier
frequency;

determining the amount of time available on said first carrier frequency;

determining the amount of time it would take to perform a particular transaction;

forcing said RFID base station to hop to a second carrier frequency before said
amount of time available on said first carrier frequency expires when said amount of time

on said first carrier frequency is less than said amount of time it would take to perform said
particular transaction.

13. The method of Claim 12, wherein said step of determining the amount of time it

-12 -



12. A nmethod for inproving transmssion rates in a

radi o-frequency-identification (RFID) base station, conprising: performng
a first transaction with at |east one RFID transponder over a first carrier
frequency; determning the anount of tinme available on said first carrier

f r equencyioulddgiteat Peforta biBic@irOkiAtacAbn furtiB dotnpyiedd| iekAifgtiRe RB6TPbMiRe it

part i cul o, i AN sodofl fhAfLBRI d RFID base station to hop to a second
carrier frequency Derore sal d anount of time available on said first carrier

frequency expires when said anount of tinme on said first carrier frequency
is less than said amount of tine it would take to performsaid particular
transaction. 13. ThemétkddfodingirovGigatramsmiZsiondaes & dradiaifttqednepideftifibati@r (RIFID)Ng
t he anDuBhseQfatibd, BBmprising: 12 woul d take to performa particular transaction
further conprises determning the anount of tine it would take to performa
second transaction. 14. A ngthod for inproving transm ssion rate?_ in a
radi o- f requency- i d@FHQrming:A JIghirgnsgetipy) wit é%'é'faség&"c WD transpoRdpseYsh 2 TFE FBf i ng
a first transéeqicoey;with at | east one RFID transponder over a first carrier
frequency; determning the anount of tinme available on said first carrier
frequency; determ Qigehihile tRARMIRH: offimt hRabIE oV st AliRr HqURRGE O M @
wor st - case transaction, Sald worst-case transaction being thé | ongest
transaction that can be perforned by said RFID base stations; forcing said
RFI D base station tgferupng sheamuabaftimeitryad fake i ssEympePeptcasaransadivbunt
of time avail abldl ooncsairdnshitiontbeing tirel lengeftrimgsactianthacpn beperfoinmed wadad RIffBuNt
of tinme on sahdshtismt carrier frequency is less than said anount of tine it
woul d take to performsaid worst-case transaction. 15. A nmethod for
i nprovi ng transm ssi on rat i.n. a radi o-frequency-identjfication Fl D
babe st adi oncommirenggaaSebbde B hETHE R SHonl St (RS bBRsPlone
RFID trans pong@purﬁpéﬁmg_ ay4ilable op s¢id ffigst carrier frequency expires when said amount of time on

said first carrier frequency is less than said amount of time it would take to perform said

]

worst-case transaction.

15. A method for improving transmission rates in a radio-frequency-identification (RFID)
base station, comprising:

performing a first transaction with at least one RFID transponder over a first carrier
frequency;

determining the amount of time available on said first carrier frequency;

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 and with said at least one RFID transponder;

forcing said RFID base station to hop to a second carrier frequency before said
amount of time available on said first carrier frequency expires when said amount of time on
said first carrier frequency is less than said amount of time it would take to perform said
worst-case transaction.

16. A method for improving transmission rates in a radio-frequency-identification (RFID)
base station, comprising:

performing a first transaction with at least one RFID transponder over a first carrier
frequency in a predetermined hopping sequence;
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frequency; determning the anount of tinme available on said first carrier
frequency; determning the anmount of tinme it would take to performa

wor st -case transaction, said worst-case transaction being the | ongest
transaction that can be perforned by said RFID base station and with said

at |east one RFID tdeenﬁmag@lermohﬁrr&hng aballable BT bRl RRABQNS: eh@icy; 0 hop to a
second carrier frequency before said anmount of t| rre avail able on said first

carrier frequency (ﬁér res en sai q_ armunt lﬁ? k sai d lf| r(?t carrier
frequency is |ess tUREHMIBERMARNIALOISM PR {2 %’Jfacﬁ‘s‘f‘ﬁﬁé’a"t“é}“ pef i3 fieHeErYy

wor st - case trdREbdgiabn. 16. A nethod for inproving transmssion rates in a
radi o-frequency-identification (RFID) base station, conprising: performng

a first transacti omoMinghsadd HF@@SISasth@aUBEHD AGpARSRORKGH QfEr FrehicnSt iFakd | er
frequency in EHEL%;’ @p?ﬁlg Q@Bﬂ& QQMSQ&%um oéf?ﬁn&’eemhmré‘bﬁ‘galh *Iﬁst%%wt of

time avail abl & OR Sal uenc ter nt

tine it woul d TEANAECY EXRies bR Ficss %rrlfpfswﬁ%r’n Sy etrrraaruﬁ Cy(r:elﬁfS"@rlbmﬂo
forcing said RMomtishtime dtveguidinketto tresmitseidpagieelanidy’ signali er frequency in the
pr edet er mi ned hoppi ng sequence before said anmount of time avail able on said
first carrier frequency expires when said armunt of time on said first
carrier frequ cy is t han sai

transmt sai d art it th? &ﬁlrg?rﬁﬂ $gaIT‘?ISSIB\n ratetsrlrrbd aggrfreiqn%ncé\}(?eﬁd a?‘%‘h@rﬁ )si on
rates in basesidiPn-cPmpdiiicy-i dentification (RFID) base station, conprising:
performng a first transaction with at |east one RFID transponder over a

first carrier fregegneing &akseiraisaitidog vilheat danwit REID tiafgpoieableaahl fstearai d
first carrier I‘Ell%}l ncy; determ ning the amount of tinme it would take to
transmit a particuldr radio frequency (RF) signal and an anpunt of tine

that it mght take to receive a responsive RF signal from said at |east one
RFI D transponder; determining the amount of time available on said first carrier frequency;

determining the amount of time it would take to transmit a particular radio frequency
(RF) signal and an amount of time that it might take to receive a responsive RF signal from
said at least one RFID transponder;

forcing said RFID base station to hop to a second carrier frequency before said
amount of time available on said first carrier frequency expires when said amount of time on
said first carrier frequency is less than said amount of time it would take to transmit said
particular RF signal and said amount of time it might take to receive said responsive RF
signal from said at least one RFID transponder.

18. The method of 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 infotmation selected
from a list of information consisting of commands and data.

19. The method of Claim 16 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).

20. The method of Claim 16 wherein said step of determining the amount of time it
would take to transmit a particular RF signal is performed prior to said step of determining the amount
of time available on said first carrier frequency.
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forcing said RFID base station to hop to a second carrier frequency before
said anmpunt of tine available on said first carrier frequency expires when
said amount of time on said first carrier frequency is |less than said
amount of tinme it would take to transmt said particular RF signal and said
anount of tinme it mght take to receive said responsive RF signal fromsaid
at | east one RFID transponder. 18. The nethod of Claim 16, wherein said step

of performngg firg ?re%tfeﬂ%}fl?cﬁ) fng-@?ﬁé&&-gl)earum {P@ﬁ‘%}) nfeftd R+ e bif Q‘%ﬂgﬂgﬁénc&i: D

further c i ses mittl irst RF signal to sard at |east
transpond&ggﬁgéPﬁaﬁﬁﬁg VRE CMGR&Mand said particular RF signal each

conprising infotmation selected froma list of information consisting of
commands and dat a. th®smiffing arfiedthagiib déqueicai(RF)sgnaheeed firssarritr t@pnof,
determ ning the amount of time available on said first carrier frequency

further conprises GONDAL]AG L Drfeougtnqﬁglte a%ila{)lle s&i(ﬁ]ﬁ}st éaIPrFT‘er ﬂ]gﬁlke@%gase station

has conti nuously been on §aid 1Irst carrier requency to an amdunt of tine

permtted by the Federal Conmunications Conm ssion (FCC). 20. The method of
Cl ai m 16 wher ei n salet¢rsinmg thefandenterf timaiitwpuldteketmtransmitd partiqwkar RF signdul d t ake
to transmt a particular RF signal is perfornmed prior to said step of

determning the amGplmiufk aledia REMUdnBREr AR & Shelel FrSuchiBHcsail GBUEBFY
-14 21. Afre uenc%{ fgg: gﬁsgrea _f ectrun1gFH§€ n%t 0 nﬁn use 1 n %
radi o- f r equendim® AVEAR 41 R TTIFAFRETICTe S FraterdipsridaAmeyet A FIiRdnT e K a
first radio friegersmisaidrmficelpgiiasignpianda first carrier frequency;

determ ning the amount of time available on said first carrier frequency;
determ ning the ampfimi@ingtal @®ni RARHLCoveAK SechiRl dabRN $@dendy WAL | 64id AhouRE
stgnal; - transidLlng.p 98cond ey SEORA YRN8 3l SilaRbuSi el L AEHENCY
when said amofht 5?_ I'ne ﬁyglldﬁLngn ST 15 P8 A&y ?requency 'S
greater than dafransgigaidipagicula; Fesigralwoul d take to transmit said particul ar
RF signal; and transmtting a second RF signal over a second carrier
frequency when said anmount of tinme available on said first carrier

frequency is lgss t [ Of t] 1t .10 1.}..5ai d

particul ar RF zgi gnajlkh.%%@ %@%ﬁgg H(r,?fleztllh{N[c]}é?%l*l tsadxgélééng&qe%%néégeﬁh%&ggﬁa% fsttng,@ of

det er mi nilhﬁo'flﬂ &aks to frsmyra partyqular RE signa urther comprises determining the amount of time i
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.

24, The FHSS method of Claim 21, further comprising the step of determining the
amount of time it would take to receive a modulated RF signal, said steps of transmitting a second RF
signal further comprising:

transmitting a second RF signal over said first carrier frequency when said amount of
time available on said first carrier frequency is greater than the addition of said amount of
time it would take to transmit said particular RF signal and said amount of time it would take
to receive said modulated RF signal; and

transmitting a second RF signal over said second carrier frequency when said amount
of time available on said first carrier frequency is less than the addition of said amount of time
it would take to transmit said particular RF signal and said amount of time it would take to
receive said modulated RF signal.

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:
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it wuld take to transmt a particular RF signal further conprises

determ ning the anount of tinme it would take to transmt said second RF
signal. 23. The FHSS net hod of C aim 21, wherein said step of determ ning
the amount of time it would take to transmt a particular RF signal further
conprises determning the anount of tinme it would take to transmt an RF

signal having the | oS 1 SS4 L r i gn ty..0d be
transmtted b sai3&%%?E&%g%$%%ﬂhgigﬁﬁﬁg‘gﬁgg&ﬁggﬁggﬁgﬁJ %#ﬁ% ha gt %N
compri si ng. t hiPnECE B BIAnAITA i 47y KFenak At E bR e Boaidh DEvies
receive a noddhhted RF signal, said steps of transnitting a second RF
signal further conprising: transmtting a second RF signal over said first

fcarri er frequency wheshifiag theadit oOfime bt FREhOMRE toaRb&vOR nﬁ)@illdtefiiﬂél:siiglﬁf-g{ierk
requency is - : - : [ - me it wou ake
to transmt S%%@ﬁ%gﬁ?%gﬁﬂgbﬁgﬁag&gﬁ%@ﬂghlgggﬂﬂgggggﬁ%n%kmg#ﬁé it would take
to receive said nodul ated RF signal; and transmtting a second RF signal

over said second carrier frequency when said anount of tine avail able on
said first carrier frequency is less than the addition of said anmpbunt of
time it would take to transmt said particular RF signal and said anmount of
time it would take to receive said nodulated RF signal. 25. The FHSS net hod
of Claim 24, wherein said steps of determ ning anounts of tine it would
take to transmt a particular RF signal and receive a nodul ated RF signal
further conprise: -15 determning the amount of tinme it would take to
transmt an RF signal having the |ongest transm ssion tinme of any RF signal
that m ght be transmtted by said RF1D device; and determ ning the anpount
of time it mght take to receive a nodulated RF signal in response to
transmtting said RF signal having the |ongest transm ssion tine. -16
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