-;e3eH'HS : 162"T"[d+i 16 AUG 2002 Descriytion METHOD OF COVVUNI CATI ON
BETVWEEN A PLURALI TY OF REMOTE UNITS AND A CONTROL UNIT 5 TECHN CAL IE\I mﬂ:
. THE I NVENTI ON The present application relates generally to a digi tzll
comuni cati on protocol and nore specifically to comrunication with a
plurality of renote units) the 10 nunber and identities Ofslmlm
unknown. BACKGROUND OF THE | NVENTI ON Sone communi cati on sy mmmm#”l of
a base station and a plurality of renpte units deployed w thin.lp 4
comuni cation field about the base station. Typically, the base station
coll ects information contained in thé renote units and may 1
information into.,the renmote units. The comunication fiel dﬁwmﬂwwﬁwmmof
copper or fiber optic |Iinks betweederipeidmase station and each
unit. Alternatively, the comunication field may be in the form¥®adio
wave transm ssions between the base statjion and the_rennte units. An
exanpl e of the | METHOP PE %0’%%111 I@%P’c’)ﬂ% ?aﬁf@?g‘gtﬁf‘ncy identification
devi ces (RFIDs) which aREMCRE WEEY AN RS-ONTBAE WIGh as |ivestock, |uggage
in airport |luggage handling system personnel badges in a security area,

and so on. @Eﬁ%nggﬁrgggﬁ@rwugﬁ ,](N?E?gn{ ferred to as a reader unit)

broadcasts ra equency signals the RFIDs (also_referred to as tags),
nodul ated to convey Z0e R¥eSPRRtIRMIFC I ReTeiRfES WERRNCAYOP @ rcuitry in the
tags perm t digrmindssa oronolni pdtoomraprdwcbaciknd oordesdegdéisaldlyi on. I n nost
applicationge &@hiyink aQSLcH aipmezs@uprincyhefimretégigfﬂasonta}ié el d 3Obt hat a
trans sio ey S [ Wi e detected by nore

t han glntg tagu%ng?}gald:%&gggtgs b@p%hg%%g ‘gr?lal{%h for information contained
in atag can produce nultiple transm ssions 1 6 AUG 2002 _2_ from many
tags, resul BAGXSROUNR QrTHEcENVENIIONSse detected at the base station.
Conversely, infornatséne icommeimheion systags Rvhki st avbide be picked up by
all tags wi LBLOdEns Y GLAGRILPRE Laldle nitieagpRAAR GEBGAN De avoided by

I denti Xl,n 1N t 0.t hat on

transm’tting IR I on.s
e )

A |y t'he target tag wll
respontf Of x‘;é?:,?ét Quh S BRE] 85AT G0 ﬁ‘éf?l‘k%g\x/'a priori which
tags are dephoyregenptatiiont nellentsr infpampbir iconbaingsk éovire it is often the
case that 1Beri@@s uaiterandntay eieet hefornbeidrogato thef rehskeas a result of
the dynam cyRftdlr erRé ddifmBIVARRNEIY1d RayhichBi BEId2 i8gSeicR Used.

I dentificat k%\ers%hggesli\%\ée ge‘ﬁerlnd&\‘/elbgggd tvgig: Leing hgcgase station
initiates a procegs.%y i c% The depﬁ oyed Efags are 1 Jéntified. 15 For
exanpl ¥ i nTerate paint AYEernarivgly sdhepopmyindgat &3 fdeld M¥m and et hod
are taught bheireitheaf@onefintrdios wave drrapsmizgdongbetweenaterits a conmand to
t he respondeissistht 065 ahldagheg ,remduéivigteac hy espasideft ehegenerate a random

number whi ci,dhgr €874 Yy st8hVED1351A radio frequency

identification devices (RFIDs) which are attached to

25 items such as livestock, luggage in airport luggage
handling system, personnel badges in a security area, and
so on. An interrogator unit (also referred to as a
reader unit) broadcasts radio frequency signals to the
RFIDs (also referred to as tags), modulated to convey

30 information to the tags. Modulation circuitry in the
tags permit transmission of information back to the base
station.

In most applications, many tags are present in

the interrogation field so that a transmission from the

35 base station typically will be detected by more than one
tag. Thus, a request by the base station for information
contained in a tag can produce multiple transmissions



" 20 arbitration nunber to identify the responder. The commander station then
collects the arbitrati on nunber of each responder, thus permtting 5 e
.conmander station to subsequently comunicate directly with any one AUG 2002
responder station. 25 In U S. Patent No. 5,434,572, a nethod is disclosed
for accessing a desired tag by progressively elimnating the other tags.
Each tag is assigned a unique binary |ID nunber having N bit positions. The
reader transmits bit comands to the tags. One such 30 conmand, the H TO
command) causes each tag whose curren_tz_bit position ie '0" to respond and
each tag whose current bit positionis 'l to go into reset. Simlarly, a
Bl TL command causes each tag whose current bit positionis "1l to respond
and each tag sywaseahy ttaeesi teamiting 'i0 at gaxjded5reapoase edatectddr esponse by

the tag incl %Le%hhfﬁﬂé;{“sksém.a ESIYR 8 I o BRE ibACBIANg an i nt er nal

counter to the next bi osition,. The reader can therefore.galn access to a
tag of a gi vegf’rbianﬁ??/ H%eb‘?}u]iaéfsm%]g%fnplgﬁe%uﬁfﬁ’ fggzta-‘gf' é'ﬁgs:b riate
sequence of BIMEOinher¥qgEtienfiiahds, thus successively putting the undesired
tags intg reset until Toeby pdobleéesidandbe agdidedibys tashsmiatihg U. S. Pat ent

No. 5, 489, 90 i I r LDl ;i N each tag
has a uni queajid%n%g%ﬂarﬁgf%n%ézghg%cﬁgglégﬁggggk%?t&g ??ﬁ;i\g]\éﬁﬁg% is sent to
S

the tags. EactSPRB°coffaFRsiTeRe BYHEVEEY i 8F e AR PO%i gni fi cant
bite of its ikhowodeprimyd wiich rdghmrehderinved vitdinatheloes not respond.
V\gg_neyer lthg_il-ﬁ_es.-ee@aﬁodegmtds NMdAdovee, MRS pensRent thel d;_rsa_nsmxssi on, an
additio i S t i e i string is
transm Q?ed. %33 teﬁpér%glgqgi Z%ésaQrgr gﬁe 3“%82%%%%?§%n§§gﬁé$uﬁ%%ﬁg% he reader

detects that % §¥‘ﬁ PR RATESNYs A" FESR PPV &R Boi nt the 15
code is stord@dgsTare aipedr ¢ Wegtehiqationragheneedayatbeen he id codes for all
of the tags ideviebhepéd aihdreise thechyeletation inSidlakentprideeshd 02, 538, a

nul tiple tag gysherhd SehBthd UHSTRleN: fb8ilrags. transmt their id codes 20
in respfqgse to recel vipng an iggerlr o?,aéi at%o%rgd %r%@ %gg re‘;\der. The
signal “from the tag cl'65 ¥ P5%t HE redder i o detecteddnd i ¥¢ i d code is
stored. The re&88rc3hensyseatsand Jrerhethare taveht ¥he¥eddh acormand i ncl udi ng
t he recei ved dothmendex sbdfidragsead=spontit hytraesditsgat bewrandStod codes, with
the exceptionref réfforiaas ¥e38ns diteadp, | Causify Wdefl tébgdn@etr@nIsm ssion.
Again, the T GROGr, (E1LShRad] GuibLONATSh HldRal ANdelabOLdsahhe 1d code

contained in S gn e reader transmits yet another 1 nterrogation
comand 2% hi sarpﬁﬁga\?m iloimio] Fﬂelqﬁnlté%ya% 55’5%/‘}’!‘895?06%’6 id codes. Again,
all tags respomdandenh stheion, ther pdd echy tthet prbigxatinn oumber tdfe two t ags
whose i d codeachr fedpamidair Nathub Npdrvd B s Mhe TheNcomhaadératatidetiwect S t he

strongest si Q%Ee?%tﬁ&r%&ﬁnu}x@@aﬂéj 3326 GO0 8k NG b blagpshdial . This is
repeat ed unt Ht 2l the'tags in the 35 interrogation field have been
identified. G8Pitent No. 5,294,931 teaches a di fferent approach whereby
i ndi vi ddal tags are acdBe¥stdPRHERF HOf 7434958 % BERA% 1Based on each tag's
proxi mty todis¢lésexlCo20xessinha Aeatksd tadthy Baetressdvely configured to

respond to i RGmiAEENgOBh WtyeheiysChaEgeh vabtagasgefrigahed by the
| nterrogati Oturfiths Sl Silufibdl: halrh§ & L3k AUACLEHDS. ohDUS when the
reader emts raegdggtt?z[‘al;xég?ésl %Qtpgon%gngg tao the tags. One such
30 command, the BIT0 command, causes each tag whose current
bit position is ‘0’ to respond and each tag whose current
bit position is '1’' to go into reset. Similarly, a BIT1
command causes each tag whose current bit position is 1’
to respond and each tag whose bit position is ’'0’ to go
35 into reset. A response by the tag includes transmitting
a return signal and incrementing an internal counter to
the next bit position. The reader can therefore gain

access to a tag of a given binary ID by issuing an



5 given energy, tags close to the reader will be charged at voltage |evels
above the voltage range and thus will not respond. Simlarly, distant ta
-will be charged at |evels bel ow the voltage range and thus.w || not 15AU€ZUUZ
respond. Only a tag which is located at a proper distance fromthe 10
reader will be charged to a level that falls wthin the voltage |evel and
thus will respond to the reader. By varying the energy of the emtted

pul se, the reader is capable of interrogating all of the tags in its field.
Each of these prior art approaches reql Lﬁl re 15 additional circuitry and/or
intelligence in the base statlon and/or the RFID tag to inplement an
identification protocol. The '931 patent, for exanple, requires precision
conponents i n ddpeopraiyel Requalee dD RidVestd tHIF1 nevmmavkdy ol tlage Wi ndows wi t hin

whi ch operati %C%Qséﬁrqu fmééﬁg the nﬁaeishlfear %L«_% anR%l sésed @hean RFID tag
a e corrp exity of the design and

identification t hod t

i npl ement at i or?“gs ?ﬁﬁee d55ired t |5?‘f"%?8 fH<VRFI Ds conprising the system It
is desirable to have alr5Unfet Raterthdlo.i 5. 4B9pPPR anis¥stem diani | ar

comuni casi on diysleseal \fbermiltiple ongsobvherdin eanmagCldea whidud wo or nore

renote units. ;QUMVARY ggeTllgdgyv‘lfs&qgtgycgp d Big MIHH%}E e]s) system havi ng

a base station and a pluralit enote units, a met of conmuni cati on

i n accor dance SRPENTY th pF%%Bent E??R/etﬁ?l SATRAS APt B ¢ |?1t7i ¥ renpte units,
del ayi ng for aceineforphgeleant sfonifksanhdbitpantnitiest Fdgcadei pBd Hit pattern.
35 Upon recei @ nfsmdatchr b€curfa’ €Re dg paes aior, rédponbas enlidnelve®ntlig ansm ts an

acknow e¢9e Pukeser |detBel ST lredBhif® cb P crbARRIUSIShONap! | NE
acknow edge pul

e Irs r1o L me su to its
transm ssion (ﬂdg ’1°r€ A ?Goﬂppgp‘jte et?ﬁ%aetgb'f t“ﬁéf’? £A&n the renote
unit (now ref &rAdfiad shsinthdsstranamdfitednpdditdionplihihssares a second bit
pattern. The kaseesdizvelpnappepasad deitalt titg reliders debackdithapahtern, transmts

one or nore cgrm§f@s;e b&& g ﬁ@éw&eca\w taé%eef,sp&m GKSCUt es. The base
station ? oadca

g 2 i8S %gnea}lt g %ervei gma alge for both the
base stafion andttife 8n%eun|ts fioF neeqé’s ﬁfﬁﬁexf Y9&'of tine. If a
renote unit déf‘éc’t% c&ﬁ?*’tﬂ‘*&@Hs‘é@ (’ihet'éﬁ%‘uf-%l% fielhe@x® rst period of tine
then the renokecordad.remains quiet and nonitors for the transmi ssion of a
first or a second compads.d.npstit RoCas&oa|$3ssUahmiyIphe tagts re-transmt

the first bit ?Q&% ri@ é‘&uclf'i:”dgé’%ﬁt ‘t’:ﬂé!a\!a%_ys Jin FLeﬁe‘?& Eﬁ”@&cfeoun' t, upon

det ecti ngqthe nters state 0 r the second

Ln
command. “1f a Peﬁﬁpémﬁﬁltf 58851%9 agtjé't:terﬁ ttilpﬁn‘é?ﬁ"??g ﬁ’ég'? or a randonly
sel ected peri &Beo¥eadene Sihgsei@rad: fremtthe Fog s°c1°Be‘P"r ¢® &hetinme then the
renote 20 uni tregdent iliBudstdoczelir anbits {deolerhd shotedat treenrédderandom

i né erv?l S. | NtReR! &afEhath @Hbeﬂ%mmeﬁiogtahgoﬁ %ﬁmﬁ@&mtmaaﬁgemt e unld ts are
radl o reqguen e 1.0 a reader

uni . Theqf. [ Ehe LA S OB TS Copdil Srpdine) ?a?mseé‘d% %"hesrsecond
conmand Sa ey E’r‘%t?ec%?m?aﬁam B ERe egodrees 34 erde® DRAW NGS

Figs. 1A and iBchydeg inheecrangnisgior at ifgais0 thei xpadek) defeqhs ti pl e renpte
units in commthéecstriongesd tdigAaban@d vacdrdsatke adspedd fdontexmemlia (Fig. 18)

of such a compyai £Rf®N SpR! Bfdder transmits yet another

interrogation command, this time including the first and

30 the second id codes. Again, all tags respond with their
id codes, with the exception of the two tags whose id
codes are contained in transmission. The reader detects
the strongest signal and stores the id code contained in
the signal. This is repeated until all the tags in the

35 interrogation field have been identified.

U.S. Patent No. 5,294,931 teaches a different

approach whereby individual tags are accessed in a
multi-tag environment based on each tag’s proximity to




"Fig. 2 is a flowchart of the processing in accordance with the present
invention. 35 Fig. 3 is a state transition diagramshow ng the stat
.transitions which occur in a renmote unit. Figs. 4A - 4C are tine |1€A§GZUUZ
showi ng the various events which occur in a renote unit. 1 6 AUG 2002 -6
BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON Referring to Fig. | A the present
invention is directed to comuni cation system 100 whi ch conprises a central
control unit (base station) 10 and a plurality of 5 renpote units 20 - 28.
The systemis characterized in that bage station 10 communicates with
remote units 20 28 by broadcasting signhals over a comunication nedi um 30
sinmul taneously to all of the renpte units. Simlarly, the renote units
conmuni cat e byhénoadeastning sEgrialtegoiercchfidgineds aoerempdndntd 0 base station

10. TPe SySteEhjcénfdélraEb&StcﬁhW@}%r?{chtZ% ivBlEXE’e{ g@agp&&fm&t@q@? - 28 "
operat e asynchronously. w res 0.,ane_apngt her . ,including transmtting
information ta" %@'é’g?i{h?’? (?ﬁ’lfﬁ.&iﬁtshgh% 1"t Re 1cx§%1jrﬁ?1)|‘tca§[el 5?\“??21 hod of the 15
present i nvenfhen whenaphs ireapee W thadly IOSRFAREALAPT RPIESVRE Ghnents, the

nmet hod has begivéredneedy t aapeaclosee tbntieheeadea wall risedichatgeijaency

I dentificati Ooog% Ceevd T bsYe tHUSo1d YR Thrif SRl Ot g fR)el OWs, wi Il be
directed to an.gg@gpg{rlgﬁatgon, ,keeﬁ;p nﬁ% in %g t%g 20 ag licability of
the method t o¥§ az8Yy HEE3TT P88 % © FRRGEF ‘8 to Fig. 1B a
typi cal RFI D apptischeion thenpelrgs nangesendtthusonill mesr Fegrandeon unit,
reader unit, ehly)a t@gasich psUrciated «f aRptdper( Haggnc20f2dm the8 depl oyed
Sommuni ooy i on: ey ety wiLbibe chufell tolf AT tnat kb L R T or
comruni cation_are known.. Bri.e L

frequency rad?%{%ﬁg&ngf"%ia{:‘ﬁ f%‘}%é' ggtreeﬁprﬁéttﬁeQPﬁg?a%‘fﬁé tsg'gs derive their
power by rect Veyying the enexayef the ewlttedrrweanthe F&agendgisa storage
capaci tor w t bapdiaer eftirtieedogatgmgl all rifothatdage i izen¥telil to a tag
by"nodul ating the RF cgddi 6, tddeCPridie akBtafitbachss dReuisdodul ates. The

t ag refleé:ts t%‘itl nciiie tcRFtcarrizr bla}ﬁlélio thg_ gea}:rd?%r unit and in this
manner conmunPRRtESTR (AR5 394 TR 9oPR G ™ i FoPR®T i on i s

"transm tted" shatdien ardfer thadRFIDURRY Uy IMRAATIEREI MY the refl ected signal .
Typi cal ly, a ideptddhpatizespreraaslt.r yTheo ‘P2 natgnt hefdR-egamplieer and a

modul at ed t ankegiir@si précd sGatiSéonibonent 5 iAlUche @ads iefdra@etitan of the RF

carrier (i.e. gbfSThi A4J1080F1aBL PRowh Qlhn! ARG oE@Ht-ioh” addi ti on,
the tag %0?1 equlp edég{:?t a nmenory store such as an EEP to store data
[

such as dehtHFT ’n nunber -and ot her

A need therefore exists for an RFID tag
identification method that minimizes the complexity of
the design and implementation of the base station and the
RF1IDs comprising the system. It is desirable to have a

25 method that is applicable to similar communication
systems wherein a control unit communicates with two or
more remote units.

SUMMARY OF THE INVENTION

30 In a communication system having a base station
and a plurality of remote units, a method of
communication in accordance with the present invention
comprises, in the remote units, delaying for a random
period of time and transmitting a first bit pattern.

35 Upon receiving an error free bit pattern, the base
station transmits an acknowledge pulse. If a remote unit
detects the transmission of the acknowledge pulse during
a first period of time subsequent to its transmission of



5 information in the tag. Referring to Figs. 1H and 2, the sequence of
events which occur in tags 20 - 28 and in reader unit 10 are shown i g¢

.chart 200. Each tag is powered up upon receiving an RF carrier sigHJ?A ﬁmﬁ

reader unit 10, step 10 202. After running through an initializing

sequence, each tag generates a randomtinme period, step 204. Mny

techni ques exist for producing a random nunber. For exanple, an

i dentification nunber stored in the tag can serve as a seed for a random

nunber generator. 15 Alternatively, a separate nenory location in the tag

can be allocated to contain the seed. his would pernit the user to

individually seed each tag with a different seed nunber. Yet another

technique is {Ke d8rEV it bE88 thoNMR Béddte dRIECtHcANr&éa8igeqor r espondi ng
to the 20 ident ity ¢all on AMORSL.wate LIS H) ArarihtDs 38 AcBY§Ise Medundancy
check code. I\%xt, sach tag del ays _ processin or a perrod of tinme equal to
the random y RfF&FBt ed™hs géﬁ’e fr@piohe UPPR FRbeRELPY &heeqeFPTY Pithe tags wil l
have a diff ermatte2b, detanpmpes iong by moret cemmainds heiichr shelordmpteel ected tine
periods. sUpon,&xPueaddd afl &Rubes ay Therbld seaciod ddobdadaeldi 4s a header
to reader unit JEO s{%%lzo .cl n tnr,\ee %rsefaetr.rm%dbgggodrngn N rée header is a
4-bit dat um tTR ef‘ss s§ I'{/ﬁleue of (_aac]h t ag. (S roach sinplifies
30 the desi grbaffe ehetihdgad the rpmeliendBithdoreReRFUTIATL ththen need only
detect an errpasshyeecof edepti on of the 4-bit datum Alternatively, the

header can be a subset;fof fafdiet 88itS detefMd hhgatiMamalahs - | n anot her

enbodi t, a ry atron. is_allocated f st,orin user-specified 35
header mi{at i sourrl%t"r_rga ?#_gt?’et #llerar%eg léerdloggn% " fQ’Frhe? ed't gg?'%uer UBts and can be
a |longer or STIREBE Bietpard grpitors £prithmerppenifgirAcchdader, each tag

nonitors far fivett oarsmesendwopmamd ACK sudhse famrmallhesuchl6 AUG 2002 - a
re;’ider unitbﬂn@EeZ&Qg%&ey\iﬁanslaet el _E-ifléi:db%if:\ ;Swt%hﬁra@qtaahbmftre ACK
pul se nus e [ [ riod, of tine
subsequent ton}q%gﬁ%'ns%Hés%%ﬁggégﬁﬁggh%a‘%gh %ngd@eg?l oi gogh?i me is 5
referreds o dSTPReSPTEEni $IF SFPNAFN2EE e IMeBE FRF4 e L7 nents, the ACK
pul se may be sesghdceemantih a command such as a re-transnmt header conmand
or the like. The actualf aopdmite @iit! B6ed NMDESHRSSItOBnyS not inportant, so
long as the readghs Wlidns! fod Rl kLAl astiduisll! 53R gderd iy the specific

ortion of the listenin ndow., Continuing.fromstep 210, if an ACK pul se
Ps det ect ed vﬁ"tbﬁ?ﬁ"?'htetge'\éyfﬁ :}éﬁaf)cﬂeﬁlSﬂ %ffn%tlﬂﬁ "'Iq']le& @ﬁ? rER Rdow, stepp201,
t hen t h@%t ag WiHitc RoRIEMUER kP ttHBNAEE the\fivstt PithPRttern R4 denti fication
nunber (1D), rsindpm2ir@ersalls proceed to nonitor for conmrands sent from reader
unit 10, step 205. Thirs hagrdfersed GnbeahientebeoiiRd inténdiononamnd i s not
recei ved by tﬁmg'&g}&%ﬁ#&g Q46! Q00N Iheht HERAE RGN WidRYs Subsequent {0

the transm ssion 20 e |, en {f sel gcte tag, repeat step 218.
However, if tHE 5BF A3t Y G0te & &8RYS%R Wik omfd I it fefoP™ ¥MEck i s nade
to det eRRi ne 3% aj PET QUIAETHITOopPRdo ARG ridie seegndgemmand tigeaconmand is not
the SET QUI ERESBIMeUIET Bhercommehd®ck is made to determne if it is a 25
RESET QUI ET command, step 209. If a RESET QUI ET command was sent, then

processi ng r\e/%.}ggsngé ,R?E'Fpo’f%?}“g tfﬁm&m the tag executes the conmmand

whi ch may involve a I ona ansm ssions between_reader unit |0 and the

tag, step 222. Upon cABPetiPoARdf1R AROE Arggneric Ha1vskFra¥dons ready for the
next cold@and, (Rlgepl@0®f wwitipdsurmetromiter ingdmundat idnondth conmands.

Returni ng to fgakei @itst &Rd 20 speeftichexanple Qbigl e8MMEBNGUCR 4 eceived, the

tag goes into‘i E}l%aq:i\gﬁe;rfgt%msubsequent commands fromthe reader unit are
ignored with e exceptiom of a
Pig. 2 is a flow chart of the processing in

accordance with the present invention.
35 Fig. 2 is a state transition diagram showing
the state transitions which occur in a remote unit.
Figs. 4A - 4C are time lines showing the
various events which occur in a remote unit.



- 35 RESET QUI ET command) step 224, at which point the tag resunes processing
at step 204. Preferably, the ID for each tag is, unique and includes_ error
_detection information. Thus) in the 1 6 AUG 2002 -9 unlikely chardeAthi?
two or nore tags transmt their headers (step 208) at exactly the sane
time, the reader unit will subsequently detect such an occurrence by
detecting an error in the reception of the 1D code (step 5 236). The reader
unit can then resolve the conflict by sending a RESET QU ET conmand and
starting the sequence all over. Return_now to decision step 20l1) if an ACK
is not detected during the |istening whdow, the tag is said 10 to be
unsel ected. All unsel ected tags generate a new random period of tine at
this point, siegr 2oBe FAE cHRSENRCHEE hagInvBfiTofr for any transm ssions
fromreader unit 10 dugi hei,r pegGt i r \ t peri ods of
tine, step 214, If anuﬁes%%ﬁg?? é:ﬁs%n?ééﬁ%hsgger é’gggg%getlgggg%{&stqu 203) it
means there i§1§"§élde%‘f SPTIERL Gat 1PR eSYaYER Iy AP o FABFEESR Bh whi ch t he
reader unit ieemualunomtatolngnitiHabsdatagiohe 10ased & pduvmkidlyeofed tags wil |
?_0 itnt_o & Cpn£éW§?f§1izbgrEiTmb @ﬁfltE s@EﬁoﬁeeE)iaf&ft%&&Qé’qrtiQx ?SETa_n infinite
i steni ng wi ndo unt i . 0 [ ET is
det ect ed, ste%%é’?sﬁtsﬁﬂ%feﬁ Jtolzr?g %lcﬁngg}%ggegfwgﬁﬁm 7graesume
processi ng at2%t¥pbyezdcarsing filggats ayedi 3 Gmr{Rt203, m¢divg 2P ansni ssi on
i s not detectstndaannesndligetainslal ectgek ragotse dbitandsdmilamyperiod, it is
deenmed that tfyg nQAdES Wikl dcmilRicdt: BYNPRHAGEALE QY Wit ¥vbag 11. e.
none of ! he t&gets h%ve téeierrl]‘ éal eact8esq%d PR ﬂ?l Cli‘ cass%ttge tag continues
processing at s eeﬁ S0% N an’ égtfqenp $8"chch P?leyatfenﬁ on of the reader
unit. 30 Two PHithes apestabiiedginithati gerqteeunihs 20 -t# SET QUI ET conmand
serves a dualoparatei asynchrdndded ySEltHQueBieatohmamtk @ausksr,t he sel ect ed
Ba?, t? 30( , ][ niribzz%g)ih@fﬁﬂ&hbﬁidﬂiﬁbemf&m%ﬂ&x ltgt basel s%ﬁf&sgﬂ. ET c;)_m"randf| tsh
etected (step . Qfy . uUn e, cessation o e
Fnehabon, che SoBRVELSn Rithad ok

RF carrier signal fromthe ] unit; aj N QUI ET command
causes tfie urREASSEEeiPYeRgion ¢ ABREIGERIE f T FRPR S MRECHIOR | i st eni ng
wi ndow (st ep €ivdroamenys, otkedetbodthasnbeen gedaced docpsacttiget e r eader 16
AUG 2002 -1 0 dH¥ taredNafs rhbeo rfegeéndiniientif ibheidn aeenésssi on of the one SET
QUIET conmandpedshs. t orrakeefhd ReasfleAbherhicAd s HPRsCALEL Ydi ng business with
it and wakes #J.p t he utnsenaﬁﬁd ta?sd i,ndi q(atl ng t.hat :tx e.reader unit is
ready 5 for tTaRSaetiohé ARBEIEF 1Py “SPRILI JR\ B VFASy unsel ected tag
a chanc@% o faRAlderPHEWant Weqnerhad 58 f¥rbene| Btheast e Second, the
RESET QUI ET comweddaltmve.t he effect of informng all the tags (including the
sel ected tag) that thexresfid te8NPig.t 8sgad Rybbeaakkept i on 10 of the reader
unit (steps 13 gt(f];ﬁ £ Ee 538 ad 4! LI O flé{?hg i nventi on)
the SET QU E omeran c§82%s B:e e sal ecge%éit ag?{o Tsrgtéa (S?JI it inits
menory store. ToAGEE WRAT dPEGY) 80 PR ABYLTHEEOL RFERPt I%P98h The tag so that
t he tag2Ps umalfiBedeployed within the interrogation field of the

reader unit. The principles of communication are known.

Briefly, reader unit 10 transmits a carrier frequency

radio signal which is detected by the tags. The tags

derive their power by rectifying the received RF carrier

30 and charging a storage capacitor with the rectified

signal. Information is conveyed to a tag by modulating

the RF carrier, which the tag detects and demodulates.

The tag reflects the incident RF carrier back to the

reader unit and in this manner communicates with the

35 reader unit. Thus, information is "transmitted" back to
the reader unit by modulating the reflected signal.
Typically, a tag comprises circuitry to rectify
the RF carrier and a mocdulated tank circuit to cause a



15 to transmt anything to the reader unit. The RESET QUI ET command resets
the QU ET bit, thus re-enabling the nodulation circuitry. In addition, the
_tag supports global commands. d obal commands are those which are dbﬁéﬂﬁ?%l
upon by all 20 tags, whether selected or unsel ected. An exanple of a gl obal
command is the RESET QUI ET command. Not all gl obal commands result in the
transm ssion of signals by the tags, however. For exanple, unlike the RESET
QU ET command, a gl obal WRI TE WORD command causes each tag to 25 wite into
its non-vol atile menory informati on sent by the reader unit, w thout the
affecting the sel ected/ unsel ected state of the tag. Returnlng to flow chart
200, processing in reader unit 10 begins with transmtting an RF carrier 30
si ggal , St ep ré8PecthitnSopreng dEScairI&Qeﬁowel’e t@raiﬂ%inﬂtaiﬂ&fﬁ'm"abe%ﬂ)ags :c\lext
reader unit S ec an,er ree header from one
%Qfeps LESrd eyt s ool FRU 1A 0ln ARNE E4Y s

of the tags, tectln error-free header) the
reader unit eAYHRA% §1'é %dﬁmﬁﬁ‘fssé%ﬁrﬁ% asa‘g*rﬁﬁﬁR%? te5 st P R subsequent to
t he detecti odabé auvh esrar -ifiepel Heatieen number 284, oftdrs period of tine will
coi nci des Wi t RpEemddisheim taeWtiglow of one of the tags, nanely the tag whose

header was successfulhg %&ggtggflgg ge@ggrt%%;e F’ect e2002 -11 unit

wll nonitor for therecetl efrom d tag, step
236. Upon r e@¥eRishghirk 9‘15“60%1% ta@ﬁezq eaaéra"ﬁimlf‘ H§3dex; Pah%n’iot one or nore
commands t o khe slewacied oawgchaxrtefPect Farh tdwe ioppoweriedns) ufemi red of 5 the

sel ected tagre&éfRNg2a88 BNGaZiier \é\hgﬁhlt Feok Gadaer Wit Ao &qupcl uded its
transac“ on \%5h tA%e?%&%l?gx ko tan‘MHi dHﬁ%{%tse ?#L T command, step

290, and resune nonitori hea ef erring now to
Fig. 3, it c&ﬁc%et@egﬁn‘f 8583 1’@“98'@ %J'%FSP%”PH aﬁSFR)POﬁ vél3Wssi bl e st ates:
a power downteclnign@eléximt Eor threbiheing st parslod0gumkersel Beted state 303) a

qui et state 2Rémpidf)dannidens et edtadn shuiber oredhiss thehehg ddrow chart 200
shows a specggg\geo Jepk g%r&s%{oy ﬁﬁd%rp%uﬁﬁ&hgﬂngiaé&e present invention, 15

state dj agram R OV] nore abstract scr:gjg{l n of the behavior of

the tag¥® in ALLTFAALE Yu BhoTRRAFAEAVETIOTEN199AtAED g b L
i npl enent at i b sPospted teoashtRimathe peedA (Thisi wouldapeymit qm t he powered
down state 2Qsé@&Plko Thdsvidmalhe seeddéddnoraghditht Haiifradent ided (base

station) is pandd.angdl tatdoEQe@rBécﬁ'::ifﬁr Hbe\!o dbPOVe tBeCh¥ed % 3R carrier, the

:)

tag w il tranltlon i.ni Conversely, a tag will
transition ( 1 rr§§1&e%¢zf')f)w§5ﬁ3rheebc°f< etsgo?%& %a&éd down state from 25 any
other sthte WASHFIfEcREIGY Bpmbey OEnERR F29D ARy 2E I SYRLEFal | zed state, each
tag transm t sedurglaherdareckt cedmdom i nt erval s. A tag noves (323) into the
sel ected state 303 upmektJeteed ivag aél AeKpideseifkridtgaapsyria fic period of
time of its LEStgRl QQua?iOtW E!Q&Va\.‘an&rh @ﬁé%%'eﬁ et ERgpMes (325) into

t he unsel ect ed stiate 05 |a'c kkf:thaq: g%lsh # trcﬁ%zm ssion fromthe
reader unit OUII &S BIS] £8°Pi% i o PHESER%l ected state, the
tag trafsiti 8ARY PsFIobAukvisruehet| %}eérsmd@m&mﬁlmceéww a SET QU ET
comand or apébiddsSETurgdd EXpixattendcef ithet ded ayapexhiames aa&hdﬂtgect any
transm ssi ont gakdni@sda tHedBe P d Fdadetb oL ENY, EQelb tapal.i stgnivag Wi ndow, 1
fi AUG 2002 ol 2edER LG ARG CTRL Fedsdb2lo laalDE IlkLh A AS] St At e and

conti nues trg smttin randomlnt
the same value for each tag. This approach simplifies
30 the design of the reader unit, since the reader unit then

need only detect an error-free reception of the 4-bit
datum. Alternatively, the header can be a subset of each
tag’'s identification number. In another embodiment, a
memory location is allocated for storing a user-gpecified
35 headexr. It is noted that the header is not limited to
four bits and can be a longer or shorter bit pattern.
After transmitting the header, each tag
monitors for the transmission of an ACK pulse from the



- Upon reaching the selected state 303, the tag remains there (333) so |ong
as it receives comuands from5 the reader unit. The tag transitions (334)
.fromthe selected state 303 to the quiet state 304 when the S5ET QUITEF AUG 2007
command is detected. The tag remains in the quiet state, until it detects
the RESET QU ET command at which tine it transitions (342) to the idle
state. The tag 10 transitions (332) fromthe selected state to the idle
state 302 when a RESET QUIET command is detected. Referring to Figs. 4A -
4C, tine lines of the events which takg place in a tag begin with a power
up event which occurs when the reader unit broadcasts the RF 15 carrier
signal. Each tag delays for a randomy selected period of tine.as indicated
in Fig. 4A byréidex pﬁlti:pdadap dNext ) asheilllabe texqilaiméd int $ubgader during tine

period H Thlaeehalf%h?m ¥1de St S5H R LEIOWRIng A ShOSEilcnspect i on of
Fig. 4A shows at 20

t eni ng rise ir second and third
bit tines. B°¢'{'Fl°c’aF’F|%rpe§|1§ﬁa‘fém§é‘i“?/€sul55§q‘t‘%§ %?n@’aoase for both the
reader unit amnqwesea@s ofEske hepdpe- ofThiRcPRHCEaPF itdMei §5a cl ock cycle.
Thus, a Wit tie@rreddesdidxdhaslidtenpassdgdowf a nunber of carrier cycles

(clocks) of the Z5 RF fr?r r1't€£-n§619@aémbddﬂmeﬁ‘€s e%ﬁ@%dﬁ@%l@é ddye | nvention,

the RF carrier ﬁ d I@ﬁ% tinme canng%aoqdeflnedlnthe
range of 64 cﬁ’% ey BFE twd‘t 02488 s%"ﬁ aslahrﬁnf)’prle “fent, the RF
carrier is 12gpmma®d ohathiendike bi Thejsrtuphagontgnt bef ithet he range of 8 30

cl ocks/bit tordzaEmikotdss/ibi hot Jmpeecdts B Yuakgr b€reHes rbadadaast fromthe

reader uyt tg,8achgfa téasa 10 Nchd Web2se Lt ROl et he 1 eader

unit and the tl?ﬁg oVi for the plrpose of neasuring the passage of
time. 35 Retuf ﬁdsff) YY" A% recal | that detection of an ACR pul se from

t he reader unit subsediratineing fEowrghePnei®i ¢4 ot AdQ¥ernierids by the tag
occurs duri ngadtextedi wirhinntioyw redmited poctidtancetvd Nhistaeiny esent 1 6 AUG
2002 -13 invepiddm, b 2ad, Ia@sstﬁ@rtatghehﬁ%aeeé&%dt PhOGK any tine after

the fir bit 1 of the.l| st 4 he d of the second
bit ti rr::1t5 Consmi’ %rmexll: Ied%é’k glac e:rqg? s st md er |§g ‘'wWwth a 125KHz

5 carrier anoa’tﬁlph’@caeq)ltt" F‘P’h’é’-%f for oppg %lsﬁnhf’@m EAREe Unitne is 64
nS~. After trenhsmitepi20s.0f This thgaterspid tadewstleatelay ¥ at | east 64 nB
]gend 01;] fi rs;céma' nlii {@)ndeeteda vieanby AhengeTedit el NEaglabiechd on of an ACK pul se
romthe rea t g&ig{ ei ving an
error-free heﬂ ol ljﬁ? g'ilmggi%’d?g%gsg ﬁ%gng‘%légg?seaﬁséﬁgm tting the
ACK pul €8 aft trhECE\?w e REARRTSY EBF T iHdi APPSRt ASBP £184A, assuning an

ACK pul se wasHenever: etf $baefelnstadriaggdeee reeebmi ahicpmmanths then 15 | i st eni ng
wi ndow L1, the chelckcisdnadagtavideltetiuiore Sfaitsiist ai S8BT ODI®pde during tine

'toﬁ” ?d I 1. Trecuhﬁadt haltpeBb eI S 13N Fomhirkd @181 hét \Mh@d§ﬁ'¥ kiug:i'd W?Ih t st for
e ransm SS r I’ e , e a
OQ@.a% at}feﬁl”ga&gecfk SBg‘MagoEg $le Fumet g@ & 3oy g

will | ook onn%E e second ransm ssi on of the
entire &nma

50D Copnenre Shr 05 oot b BT AUTEE ASHRERS. ACK. pul S | s
transnitted vwashisent hetheacprrerasping inesumdy atgaber 2§4the first and third bit
times, the taorireoids, tthe passixechtds thé mmaneodtly ey eigivolgei ts own
transm ssion é’cﬁdltESHﬁ rl:@lraﬁ?miés‘l@h& %t&@@ﬁezreaﬁgktumlépﬁ?@ Lffehyi ng the
command, the taeg pg %i execut.e fo\r;%}xg duri.ng t| e period X)

whi ch may i nvd19e 258Ri% Ona PF} gﬁ%estﬁ’%n% hccf"ﬁ'?nf]ea **8pon conpl et i on
of the AmuantP xeRdYt iRy ShestGarermiasd t sver RO%. EEsnEReETesyr | ng |istening
wi ndow L3, 30msreipezindgForhadditdeeallasemahddd Sretiedag dde tinme |ine of Fig.

4H shows a SC&haldienW\aie 254;16 tfaghélasewn@ﬁ:ﬁefcsma% ag AL el ng |istening
w ndow L1. In accordance wh% i n nt;r %’8 he tag contlnues to listen
for a random& S SPECBRTF P apé’FFB 7 SHEeeBIeN FEMEKSon i s det ect ed
still, then tkxom &herxeadennwhitt are tignosedaritht the excppriand of2aand repeat s
the | i stasni NQRESHIUQULET cbiimind,S s€as @2243NatAGIRiPH| Sinsathéladagct ed during the
third bit tinp,Qfetl fRd8ELRY dr2scd1Goge! ected tag
Preferably, the ID for each tag is unique and
includes error detection information. Thus, in the



1 6 AUG 2002 -14 then proceeds with transmtting ita identification code
during tinme 11 and continue as descri bed above with respect to Fig. 4A
.Fig. 4Cillustrates a situation when a 5 transm ssion is detected af Fejyus 2002
i stening wi ndow L1, during delay period D2. Recall this indicates that
another tag in the interrogation field is selected and the reader unit is
in comrunication with it. In such a case, the tag will enter the unsel ected
state (305, 10 Fig. 3) and go into an infinite |istening w ndow, nonitoring
for the transm ssion of the QU ET command or a global command. Fig. 4C
shows that at tinme t1 a QU ET command 71 ssues. Upon the detection of the
command, the tag wakes up and once again attenpts to gain the 15 attention
of the readerunlikelp\cHahaasthdtt tng dvt soheadegs (strepifGtheiki g. 2). 1 6 AUG

200t2 - 15 V\{‘%eédérs%fﬂ&szit)§): at- efa&?tyhasie_ ;%famﬁod'ﬂ?ﬂé')!ﬁﬁ’éiz‘lﬁ]g@?t veena
control unit and a,plurali r uni.ts, conprising: for each o e
renote uni ts:‘mg) ¥ &”ﬁﬁﬁq%e'&éﬁdg%%ﬁgrf%ﬂ‘ f ?cﬁrﬁﬁ%ﬁ' g’é(l ayi ng

transni ssi on deteative ancabtre for theirgcpeyicddobithe AR; casde dfteR del ayi ng,
transm t i ng F3enst ThY qlerdér anitrem then rwolee Wwhet cowEltilee bpntrol unit; c)

moni toring f Qenliffy ACtRBGET WU AorddaRBSHAS i 8P fH0Fhe Neguent& ol unit; d) if
a transm ssion.fromthe control unit is detected during a first w ndow of
time subsequ P8*Ytransnitting the first information, then transmitting
second information toRehBXRAIPWr BP deafisiem@®tepm tlor iH@T #FKaig ransni ssi on of
one of a fir dotseéteadtedodimingds thé AbstbpimpRtinddw,Ubhé ,tagudh saidenote unit
bei ng rgberrqg 1o @teletELECt Q81 IGIHRECLEH tags)gdnbratd lARSyi ssion from the
control unit is .detecte g{l qQr to 3}_§l.subs,e(t]_uergjle tg %heT I rst w ndow of
time, then ndAPESPIRRFIPSr°% Hé™8et e B PUF of 5P Adnd *6mmand from t he
control unit unsgleckas: sads omihed foxi ARy dranemispdons fxem feqdar set of
comands, suchitentidurtingttheiei neppeet £ve atnBomBAs generdtedt ed renote units;
f) if atranytrssh®oe L oRe | RReSOMA Ol 1oNiny bScHRbaflshiEliBls afileer an anount
O L Teab0l | BL08L LIS bbb Soalt B GLBE bdES. 1L\CE 80 Log Lpe steps
(b)-(f); and I he s%!ecte renote unit detects a transm ssion of said
second conmardef FRERTRE2EIRN £oe1d With ¥Rirhnbhs *6AA%E WL 28t ransni ssion of

a third comuenminizating. c disarobeingi thermhseesygendnsglented tags he third
conmand. 2. TA21ngd hedoOh ddndiifhdud WohNringCitsdenflssledgt i Nng @ random
period of Ul BRe@Prdd\ @D 30F1ddeTP1 USRI, rBBu] e 13- o T Bt MO OF
claim1l %\,herel sal d nmonitoring of of gal I.rst set_of commands in
step (df furtqlngTl‘f‘ﬂ!'T"ﬁB s°%&b§g%%rs°§?§'r is detected, step 216, at

which time the unselected tags will resume processing at

step 204.

Returning to decision step 203, if a

transmission is not detected during the unselected tag’s
25 random time period, it is deemed that the reader unit is

not in communication with any tag (i.e. none of the tags

have been selected), in which case the tag continues

processing at step 208 in an attempt to catch the

attention of the reader unit.
30 Two points worth noting at this time. First,

the SET QUIET command serves a dual function: (i) the SET

QUIET command causes the selected tag to go into an

infinite listening mode until a RESET QUIET command is

detected (step 224), or until it is powered down by the
35 cessation of the RF carrier signal from the reader unit;

and (ii) the SET QUIET command causes the unselected tags

to "wake up" from their infinite listening window (step

216) and proceed to attempt to gain access to the readerxr



- (i) nmonitoring for the detection of said one of said first set of ﬁgwgﬁgﬁﬁ
fromthe control unit during a second period of tine; (ii) if said i
~said first set of commands is detected during the second period of tinmne,

t hen processing the conmand; (iii) if said one of said first set of
commands fromthe control unit is not detected during the second period of
time, then transmtting the second information; and (iv) repeating substeps
(i)-(iv). 4. The nmethod of claim 1l wherein step (e) further includes, in
response to detecting said second command, repeating steps (a)-(f}. 5. The
nmet hod of claim4 wherein if the unseld®ted renpte units detect a

transm ssion of the third command then del aying for a randonly sel ected

geriTﬁd of L i (rj@nifaald &'ﬁ@é‘%’ﬁ}et {rézﬁﬂ:zx _tlﬁit}f,i gﬁt thé 1 QaABhis¥lon of tHeAUG 2002 l— 16
. The nethod_o a rther inclydi ng broadcastin ster signa
fromthe cont?di S%#i b‘rﬁt% fﬁ'@marrféirrm ‘étihﬁ%ég%ﬁ d%g‘gr%}eﬁgg% 5@1 ng signal from
the nmaster si¥RRI CORREIERY PRENERH WiFrsiignand wakeg e fPet he control unit

and each of tlresdlenbéd tagist simbichhéndadias flor reedsunmiy is meady. The net hod

of clai msl WheseitRahbgesilar wier badE thgy thgsfdivels eégfmation is a step

of transmttin bit.pattern that, i e sane _for each of the renote
units. 8. Theu’%eet i e%&agl aiér}ﬁ'afc u??ﬁfgﬁlgfﬁc%ﬁdfﬁgfre Fa&rHhd®a 1 ocal menory
store in eachthsf sehecteshsess uniSesontd theoRFSRT QUEFT $oBRARd &@5hit patterns

i n the | _ocal treityest a:festszm!ngi LR heestae;_s din¢ekiagi tie ng _the first
information igeRcib8Pe4d) EhaANHelt 4D abbempt koPgdiretReSiH @ 1bA the | ocal
menory ore. 9. A ]rrretcpod gf c(%mmglzﬁ%tlgg %ﬁt)ween a plurality of radio
frequen trah p(g’ﬁde?as e(rt gglst) aﬁﬁpa‘ Sade? 1, conprising: powering up
each of the tags; in t¥etheamrssenhi imPlsmenkptdsni o theciRYeEiPPni ng si gnal
to the tags, tgai GECYQUIERT tommang saypwsl theiswjeatéd magbtsesdton both said
reader unit afgreieit agSicd ddndbpridiiel i MBhiW BdOAsGREIOSGHAY at |east three

equal time SqQRALE:oPAdcLIME ITATRNGACDR Ma0oIeds o Aabgl e0ral number

of cycles of ycl ne suP;n eac g, ayl n ransmssion to
the reader urk? FEPERG ZREBHMINGFP i FeRrishe Wik dHEnRY YEET at i on

t her eof transeammandgresetpr the QUIEPDdriter hhusp rehenatdddarthmit and nonitoring
for an acknowhilgatsoegakctixgccur during a predetermned time segnent of

said |istening w ndow.yss ghsh BloRdeld WadChlulrloits SHUBRN! cfiflaidaany LiMe
segnent wit hicgli §a' d list ﬁni?rllﬁ%n\/\%ndow Q Rer thansfhe igst gnd | ast tine
segnents of SHFati SYERPAY WhaBare iMh PR T A8 RCP, PYidddcting for an
error-frf8e r dag5i Bheder: felaqted: onhiuwspheetddn oM e*PBRLSiaft RPng sai d
acknow edge Slghal commang bs fthesRESRI QUIED fcomnamd .sulsecidnt t o detecting
the error-freapdbatepdimdnds i fesulle {H eHet erdAdn@dsidiesseymni By one of the

tags is substgptighly glta{a@é.de%rvaszah‘pw? diiRE R' hggs'f’foutxkir? t hen

transmtting a secqnd hi m such a tag a monitoring for a
transm ssi on co‘?’m"(?ﬁg' ot 9&°’f’$€é”%&é€t‘w@$ Eﬁmﬁ‘ﬂi‘r‘?dga‘f%?me?‘ﬁlé %39aH8r unit, such a
tag bei 7§ r eMEritedinge 45t pan-yelakiledmenery dnformnatdrngsentbbiti rect i onal
exchange of heeadat waft petivbeut IdedasEaddhgdetieag and sai d reader unit
until said readeltd8)indeli el beate 22CORM Gymmand exclusive of said first
set of commands; if, i}ﬂat\a;@XinOf tghﬁt LAGR @ bk ansm ssipn i,s detected outside
of the predeternined timE Segment 1 en ROhiLof i Mg FoP-% tPansmi ssion of

sai d second CARPERIPI0APt PREIAEMED GRARSMILRANE ALRE @¥HIENd bei ng

excl usi 2@ of signafli rsteps@s0of Tobameasddes e pagsr bei Mitialiete ed to as

unsel ected t agfe t8ghd wWese) achad: ids i5aAtbid M@rsahd first bit pattern
i_n_any of the

in response t i gn_of (d.secon nd, and if
tags, a trans%%g%gﬁﬁiog ﬁgte%g ef:feeed?) g?:glg%ﬁa%nrﬁ )?gs%}i'%cttaga' period of tine
subsequent t cP%eR® P3%t304 Al wi HBGAv defheRtinmABnexRanErendepAest bit pattern.

10. The met hotheofresdier nmdt fuwankwits ol BOK Myulsel dotingga gpdriivaédopat t ern of
bits to e UsethedSubfiipleht Sto Rhb MAlelc@ion idt eRECeRbribred ags. | | . The
nmet hod of cl a}llm 9 wherei gyfal g, tine w ado i,s divi.ded, |‘§to oply three equal
time segment SSS8EFd HEPhAY 1 urFRBPSHER LR r’fden"bi:/}tJI FAL? d&sg’rt-%rovi ded bit
pattern to bethgsddstenimgewindost obianepaft e taghemapgleddie 6hat he tags can
be assigned awklidel Regddr Wwaersucorsfladybiétdaaeler Mext, the reader




-1 6 AUG 2002 -17 12. The nethod of claim9 wherein if the selected ta
detects a transm ssion of the second conmand fromthe reader unit ﬂﬂbEUszn
.monitoring for a transm ssion of a third command fromthe reader unit and
responding only to the third command. 13. The method of claim 12 wherein
the sel ected tag, subsequent to detecting the second command, ignores the
reception of all commands except for the third command. 14. The net hod of
claim12 wherein if the unselected tags detect a transm ssion of the second
command then delaying for a randomy selected period of tine and
transnitting the first bit pattern. I31-The method of claim 14 wherein if
the unsel ected tags detect a transm ssion of the third command then

del aying for g, apde dorsebecisd theridppion icfarNh thadStidt i Ng the first
QU ET BI T confiideARGLTh S TP SASan APLE SrcRbed GBF el Bt otomand. 17
The met hod of the zeader wdteVhl hERARIHE 8% IPToMOF e CAmEgRAT @ thes

br oadcasti ng selzatedetad reqeeftustgnile dpeomatibe(gs)eddeiretiof and, in each
of the tags, LECldel¥lith ttgﬁ raCekVesk Gaarie, frpdeneyrsidial to produce

power. 18. The .nethod of .chaim 17 further .includi measyri.,ng the passage
of time in th‘@“rte%fagrcmlf"dg%dﬁsnt %ngatcgb%n 338 tg% tsﬁge‘gczfrdri er frequency
signal . 19. Aatht RBdWbfl t&ARTMitc &t PEFTHEPTRER . a84ARURAP t3P%F radi o
frequency tr arsgmmedesrs toirdgsg ) faandnetregablesdenni sterc@Bpri sing: in each tag,
del ayi ng transm ssi on ge3elbPend ea0eko Wit 06 racsRndomgedernad #f tine, and
upon the expiration thereof tr mttin first bit_pattern to the reader
uni t ang‘om)nirta(?r Fﬁbs‘f%rmaﬁméccffﬁgax%c?é’ Bg?lggngkat’%s’o@cﬁgw% 9 a listening
wi ndow; in thetateade¥, @m inigeldeed fjaterd0n arsedectedestageepti on of the
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such tags being ref e_maa?ogh%qﬁﬁ Iiéci‘écfhfaﬁg‘feﬁald, d?‘f'f‘ zf?f}?%f)f the tags, a
transm 28i on 3% -nofhifetiectr Joptitlangbmhithesaderecunperibggeof time
subsequent t csttatéoh] sitsenbngrweinsddve ingeanyt RENsartiteirng Wword first bit
patterg;fand ﬂefce&h@nédpeeagﬂiéragtmtcegtﬁﬂ Effxﬂéﬁi@i@ﬁ' e 09f esai d s?‘condh_ 4
coman rom.the. Iy [ en i,1Ng . a‘gg of a thir
comand from%;%elglga erlzgﬁi tattng réegs?lggi‘%lr*é %nt%{ ?’3%& Wtsguéirogpcommnd. 20.
The nethod of ‘*tai %'93156”%?&3 Ah &8&&? Fersd fg¥8 §5358dfFRtern of bits
to be uPEd asyapth¢y sty wvhemaRT crayrier dgchemdvadhe t ags. 16 AUG 2002
-18 21. The nethod of pakrahgnth? fnitiaeszedekste NGaicRptdd i ng a user-provi ded
bi t Eatter_n t&@t'\gmi'é?]ﬁitash?ﬁie@ hi r%dmd;i&%}%ﬂa, tnheége%ve@ﬁh oftth hg t?gs
can be assign i ent_.user = pr.oyl it pattern. : e nethod o
claim 19 wher G2t grétc’sg 8t c?ﬁ%,“s?é se u@ﬁ?nt%ttagg’e?ﬂ iy d second
comand, i gndieset feringceptRasifef reriod hee AUxdbptlisensagd third
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From the unselected state, the tag transitions (352) back
to the idle state upon detecting a SET QUIET command or a
35 RESET QUIET command.
If the tag does not detect any transmissicn

during a time period subsequent to its listening window,



24. The nethod of claim 23 wherein if the unselected tags detect a

transm ssion of said third conmand then delaying for a randomy selﬁgtﬁg
_period of tine and transmitting said first bit pattern. 25. The net AlG2002
claim 24 wherein said second command is a SET QU ET BIT command and said
third conmand is a RESET QU ET BIT command. 26. The nethod of claim 19
further including an initial step of powering up each of the tags, said
powering up of each of the tags including broadcasting a carrier frequency
signal fromthe reader unit and, in each of the tags, rectifying the
received carrier frequency signal to P#oduce power. 27. The nethod of claim
26 further including nmeasuring the passage of tinme in the reader unit and
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10%& () -! Q%g%rggr is a cfgck c&% Thus, a bit time is defined as
the passage of a number of carrier cycles (clocks) of the
25 RF carrier signal. In one embodiment of the invention,
the RF carrier is a 13.56 MHz signal and a bit time can
be defined in the range of 64 clocks/bit to 1024
clocks/bit. In another embodiment, the RF carrier is 125
KHz, having a bit time that can be in the range of 8
30 clocks/bit to 128 clocks/bit. Since the RF carrier is
broadcast from the reader unit to each of the tags, a
common time base for both the reader unit and the tags is
provided for the purpose of measuring the passage of
time.
35 Returning to Fig. 4A, recall that detection of
an ACK pulse from the reader unit subsequent to the

transmission of the header by the tag occurs during
listening window L1. In accordance with the present
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invention, the tag looks for the ACK pulse to occur any
time after the first bit time of the listening window and
before the end of the second bit time. Consider for
example a reader/tag system operating with a 125KHz
carrier and using a bit time of 8 clocks/bit (i.e. one
bit time is 64 mS). After transmission of its header, a
tag will delay for at least 64 mS (end of first bit time)
before monitoring for the detection of an ACK pulse from
the reader unit. Similarly, the reader unit, upon
receiving an error-free header, will delay for at least
64 mS before tranamitting the ACK pulse after receiving
the header.

Continuing with Fig. 4A, assuming an ACK pulse
was detected sometime during the second bit times of
listening window L1, the selected tag will then transmit
its ID code during time period I1. The tag then enters
another listening window L2 and waits for the
transmission of a command from the reader unit.
Preferably, the tag will look only during the second bit
time for the transmission of the entire command. 1In
fact, in the preferred embodiment, even the ACK pulse is
transmitted within the second bit time. By ignoring the
first and third bit times, the tag avoids the possibility
of erroneously detecting its own transmission as incoming
from the reader unit. Upon receiving the command, the
tag proceeds to execute the command during time period X,
which may involve additional transmissions with the
reader, Upon completion of the command, the tag once
again monitors for commands during listening window L3,
repeating the above described sequence.

The time line of Fig. 4B shows a scenario where
the tag has not detected an ACK during listening window
LY. 1In accordance with the invention, the tag continues
to listen for a randomly selected time period D2. If no
transmission is detected still, then the tag re-transmits
its header at time period H2 and repeats the listening
sequence. In this case, an ACK pulse was detected during
the third bit time of time period L2. The selected tag
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then proceeds with transmitting its identification code
during time Il and continue as described above with
respect to Fig. 4A.
Fig. 4C illustrates a situvation when a

5 transmission is detected after listening window L1,
during delay period D2. Recall this indicates that
another tag in the interrogation field is selected and
the reader unit is in communication with it. 1In such a
cagse, the tag will enter the unselected state (305,

10 Fig. 3) and goc into an infinite listening window,
monitoring for the transmission of the QUIET command or a
global command. PFig. 4C shows that at time tl1 a QUIET
command issues. Upon the detection of the command, the
tag wakes up and once again attempts to gain the

15 attention of the reader unit by transmitting its header
(step 208, Fig. 2).
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for each of the remote units:

a) selecting a random period of time and delaying transmission from the remote for said period of
time;

b) after delaying, transmitting first information from the remote unit to the control unit;
c¢) monitoring for the detection of a transmission from the control unit;

d) if a transmission from the control unit is detected during a first window of time subsequent to
transmitting the first information, then transmitting second information to the control unit and
monitoring for a transmission of one of a first set of commands from the control unit, such a
remote unit being referred to as a selected remote unit;

e) if a transmission from the control unit is detected prior to or subsequent to the first window of
time, then monitoring for the detection of of a second command from the control unit, said second
command being exclusive of the first set of commands, such remote units being referred to as
unselected remote units;

f) if a transmission from the control unit is not detected after an amount of time following the first
window of time, then repeating the steps (b)-(f); and

g) if the selected remote unit detects a transmission of said second command from the control unit
then monitoring for a transmission of a third command from the control unit and responding only
to the third command.

2. The method of claim 1 further including selecting a random period of time as the amount of
time used in step (£).

3. The method of claim 1 wherein said monitoring of one of said first set of commands in step (d)
further includes substeps of:

(1) monitoring for the detection of said one of said first set of commands from the control unit
during a second period of time;

(i) if said one of said first set of commands is detected during the second period of time, then
processing the command;

(iit) if said one of said first set of commands from the control unit is not detected during the
second period of time, then transmitting the second information; and

(iv) repeating substeps (1)-(1v).

4. The method of claim 1 wherein step (e) further includes, in response to detecting said second
command, repeating steps (a)-(f).

5. The method of claim 4 wherein if the unselected remote units detect a transmission of the third
command then delaying for a randomly selected period of time and transmitting the first
information.
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9. A method of communication between a plurality of radio frequency transponders (tags) and a
reader unit, comprising:

powering up each of the tags;

in the reader unit, broadcasting a cyclic timing signal to the tags, said cyclic timing signal being a
time base for both said reader unit and the tags;

a listening time window defined by at least three equal time segments, said time segments being
defined by an integral number of cycles of said cyclic time signal;

in each tag, delaying transmission to the reader unit for a random period of time, and upon the
expiration thereof transmitting a first bit pattern to the reader unit and monitoring for an
acknowledge signal to occur during a predetermined time segment of said listening window, said
predetermined time segment being any time segment within said listening window other than the
first and last time segments of said listening window;

in the reader unit, detecting for an error-free reception of the first bit pattern and transmitting said
acknowledge signal during a first period of time subsequent to detecting the error-free reception;

if the predetermined time segment of one of the tags is substantially coincident with the first
period of time then transmitting a second bit pattern from such a tag and monitoring for a
transmission of one of a first set of commands from the reader unit, such a tag being referred to as
the selected tag, maintaining a bidirectional exchange of communication between said selected tag
and said reader unit until said reader unit transmits a second command exclusive of said first set
of commands;

if, in any of the tags, a transmission is detected outside of the predetermined time segment then
monitoring for a transmission of said second command from the reader unit, the second command
being exclusive of the first set of commands, such tags being referred to as unselected tags, said
unselected tags transmitting said first bit pattern in response to detection of said second command,
and

if, in any of the tags, a transmission is not detected for a randomly selected period of time
subsequent to the listening window then transmitting the first bit pattern.

10. The method of claim 9 further including selecting a fixed pattern of bits to be used as the first
bit pattern in each of the tags.

11. The method of claim 9 wherein said time window is divided into only three equal time
segments, said method further including inputting a user-provided bit pattern to be used as the
first bit pattern, whereby each of the tags can be assigned a different user-provided bit pattern.
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command, ignores the reception of all commands except for the third command.

14. The method of claim 12 wherein if the unselected tags detect a transmission of the second
command then delaying for a randomly selected period of time and transmitting the first bit
pattern.

15. The method of claim 14 wherein if the unselected tags detect a transmission of the third
command then delaying for a randomly selected period of time and transmitting the first bit
pattern.

16. The method of claim 15 wherein the second command is a SET QUIET BIT command and the
third command is a RESET QUIET BIT command.

17. The method of claim 9 wherein powering each of the tags includes broadcasting a carrier
frequency signal from the reader unit and, in each of the tags, rectifying the received carrier
frequency signal to produce power.

18. The method of claim 17 further including measuring the passage of time in the reader unit and
in the tags based on the carrier frequency signal.

19. A method of communication between a plurality of radio frequency transponders (tags) and a
reader unit, comprising:

in each tag, delaying transmission to the reader unit for a random period of time, and upon the
expiration thereof transmitting a first bit pattern to the reader unit and monitoring for an
acknowledge signal to occur during a listening window;

in the reader unit, detecting for an error-free reception of the first bit pattern and transmitting an
acknowledge signal during a first period of time subsequent to detecting the error-free reception;

if the listening window of one of the tags is substantially coincident with the first period of time
then transmitting a second bit pattern from such a tag and monitoring for a transmission of one of
a first set of commands from the reader unit, such a tag being referred to as the selected tag;

if, in any of the tags, a transmission is detected outside of the listening window then monitoring
for a transmission of a second command from the reader unit, said second command being
exclusive of said first set of commands, such tags being referred to as unselected tags;

if, in any of the tags, a transmission is not detected for a randomly selected period of time
subsequent to the listening window then transmitting said first bit pattern; and

if the selected tag detects a transmission of said second command from the reader unit then
monitoring for a transmission of a third command from the reader unit and responding only to
said third command.

20. The method of claim 19 further including selecting a fixed pattern of bits to be used as said
first bit pattern in each of the tags.
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pattern.

22. The method of claim 19 wherein the selected tag, subsequent to detecting said second
command, ignores the reception of all commands except for said third command.

23. The method of claim 19 wherein if the unselected tags detect a transmission of said second
command then delaying for a randomly selected period of time and transmitting said first bit
pattern.

24. The method of claim 23 wherein if the unselected tags detect a transmission of said third
command then delaying for a randomly selected period of time and transmitting said first bit
pattern.

25. The method of claim 24 wherein said second command is a SET QUIET BIT command and
said third command is a RESET QUIET BIT command.

26. The method of claim 19 further including an initial step of powering up each of the tags, said
powering up of each of the tags including broadcasting a carrier frequency signal from the reader
unit and, in each of the tags, rectifying the received carrier frequency signal to produce power.

27. The method of claim 26 further including measuring the passage of time in the reader unit and
in the tags based on the carrier frequency signal.



