, €3eLxP6T> | DENTI FI CATI ON CF GBJEC_QH]"”W’@"M BACKG:?CIJND OF THE

| NVENTI ON 00636 3 SEP 200 tion relates

and appar argég%f%%fg e identification of O , fand in parti%ﬁT@P%@)&?{jhe
identification of a plurality of renote ®®¥tronijc identification tags by a
reader using el ectromagneti c conmuni cati on nmeans. Nunerous diff rend %nges
of electronic tags, which are typically in the formof transpon ers')
attached to physical objects such as goods, equipnent, people, aninmals and
the like. These tags are programmed ' to contain identity data, which is
used to electronically identify the tagged objects via interrogation by a
ruder. The read data is typically arranged to be transferred to a conputer
system for tallying and reading the Identity of those objects which are in
the interrogation are I %qn? atents al ready
cover the situation o?‘D?“f‘téa gfﬁgﬁg‘{gp‘@%ﬁeﬁy 0 e]%I(r:‘gjr?sl‘:ml?}onders with the
communi cati on between the reader and the transponders bei ng based on
acoustic or electromagnetlc radiation principles. !'n nost cases) the prior
art protocol requires the transponders to have a unique identification
nunber and the ability to receive arid decode a transm ssion ﬂmmmmmwm
data streamfromthe reader and match it to all or conponents e
i denti fi cati oRALREROUND/GF I ENYENIAANR99/ 00636 ~ C~~' 2002 - 216068t her
class of prior art is an identification systemthat needs neither a unique
identity nor a nufti-bit receiver and decoder for the transponder, but

whi ch relies @HIEhavertiadeklats naun imegiddngndiviapgardtiie fdr deSpendeati&t of he

correct tine after it _has finished.its transm ssion, if the transponder was
successful ly PB’@ﬁtlsi “\“’idéﬂl’aq"ﬁ‘éla’i:%ﬁﬁﬁﬁﬁi PR A PRy RE Fem et eleF RO or mat , and

the message i sdea@fffAtdnGalsey ddyadehsig Sle@ebrgnthiecdaitiemiah inanaf t er the
conpletion of transm ssion, the comuni cati on being as sinple as disturbing
the energising field fromthe reader at the correct instant. Such a system
i s described i : ' t 100394 Whi [ eader and
t he transpondy}"ﬁ%{ggl&gﬁt cys is?%l%{erfﬁgt et gp}%ﬂ%gﬁglpggﬁgmsgﬁc%&gﬁrsed and
to remai n synt¢hnspondasl aad stexchsiompbydich pbients lvech ds@endsc eqyipretredpeplet hat t he
reader may resgon at . the .gorr.@%t E[i me_after the,IEransm's i an _has been
conpl eted. A POFRARAE B liKyy TBFCo1RY AT ProBtgiRTd o RO B HEFTY % fBFon syst em
that uses a seledt isABedoQIRESnit ]y idaltiy thetagded @bRctshaimpDRPLoSy 4 hat t he
transponder's data can be received ei ng corrupted by transm ssions

i t hout

from ot her tr&f¥pond8F eadudrtpdt é‘ﬂ’fcam’ ASPngsAgtog s tppteEedsioch eyt em A
col l'i sion si gRadiedhSot Bililindl dnd r8RIMg B ORIt @AERe bejePkaRcRhie {hrBOSponders
in to a dead state Each transponder cal culates a random dead state after
recei vi ng t he eieirpgasiopareaiod figlreadgiyr i ng whi ch they do not transmit their
data. At the end of the dead state each transponder will transmt its data
again. If the reader receives data fromonly one transponder it sends an
occupi ed or busiars metier ohpaéntphlandy caler thehsitutticandpanstier endx phypdlity he one

busy transmtting into,an idle state. The.trgnsponders in the jdle state no
| onger transmi’f HAFRONHET eP1th hiber EYRBHNIGANOY 3’6’ §78d “i%ée%f’(?ﬁp?’é}( etk’aata from

the indi vi dualahéRAIROMIRNE, bas&iEok QasiRtic ok ANEHbhS RN J5kARY sdaspisd gnal
whi ch places theidentified trarasponder into a passive or idle state in
whi ch it ceasds Masheashs. SkA BIPTGIt RIPISCAAFRUIrCT I FRspongersttadays andiashder s in
die state arudBaehioahatdvaldd hbopiigca! culial end dahdomdnadtibre. The

steps above are repeated until all the transponders ve been
containing a data stream from the reader and match it to all or components of its

unique identification number.



WQ 99145495 _; _ PC T/ G B99/ 00636 ~ 5~~' Z002 id~htx~ted. 'fhe drawback of
this systemwooomduas if the el ectromagnetic field i's changed porsgvsodsie
busy signal, the changes tn the el ectromagnetic field my eau se the
receiver to misread the data fromthe transponder because the igagﬁpomjgr
signal is very nmuch smaller than the chan~os in the electromagnetic rcird. A
simlar systemis described in US patent al24,699) where changes in

| i eyuency are used to send signals to the2ransponders. Initially a
frequency shift is sent to the Cransponders to start a sel ection procedure
that will isolate ap inJividual transponder. The transponders calculate a
random del ay AR © Bénprf‘ﬁé‘ﬁ 1 F‘éh‘gﬁ'f‘gcaéfogf)éﬁeﬁ tppedicaeithey 2 uRigug he random

del ay. only 34w LAISROBASE SecBihv8Nhnd HARIL for eSkashddidr, MOGmial the sane
time. Wen the reader receives a starting block it changes the transmtter

frequency whireliescauthesredrs qomamunentide vatmibe tanspesddrt 4t ithey carrstt aimd ng bl ock

to go Into a _passjye ate.. - -'-'nt ers_transmd, their
uni que code. '%Fﬂ'%\éasr 3{6{‘ eherdle gc{s Eh‘é&’ %D?’éeq{aﬁ%%gg%ea rasﬁés]cﬁts)sr?gleyr is
transm tti ng iddrsifiedd&ht kemmiuneari@acker besiigyiabis iraformaty atd by nohapging t he
transmtter frequenc w{;}iéﬁ?(_ocauses t hese transponders to recal cu{;ate a

random del ay SFHHLR FIRS OhLes PUPTUUFALOR 20eh dhe QMRS s in t he

passi ve st at Qrah&fREBnSBe SRinfunSAlOs bial apcRGRS 8s Wlulbify BRtdiaididngyi el d an
i ndi vi dual transponder. Once the reader has identified the jndividual

t ransponder ifteld Bom|the rgdermat therLopasisingients Saghe pyteanis dpsrbed iaipeity change
which al so cauges, bl SR WBidVCAGRSIhd RdadTABSRODERNSdP il art Lhe
sel ecti on process agal n. I'S systermrequires conplex taned circuitry in
t he transpondé¢ntisp it baihg tdeermincd ap ént syhcleonigdcandstocamaipesyseresisel WO

991 45495 f P G B99/ 00636 ~v~~ 202 -4 S|,1 RY .OF THE | NVENT] ON
Accor di ng to%g{ef FREPUSAR E%fbc 'héc’rf’ﬁ\%gf? gﬁ%éfagc’i RIS B et hod of
identifying abpealtinditicihd tdoShisedathes becf@bmplecting t he steps of:

transmtting an interrogation signal fromthe interrogator to the objects;
transmtting fromeach object to the interzogator an identification signal

havi ng predet £rigi&deatdydis & YPriof A 8RS hip dcafifidalioh 8FRONSMal Bsdshe .
interrogation signal; receiving the identification signals fromthe objects
at thG sclection process to isolate a single transponder so that the transponder's data
can be received without being corrupted by transmissions from other
transponders. US patent 5,751,570 describes such a system. A collision signal
is initially sent by the reader to place all transponders in to a dead state. Each
transponder calculates a random dead state after receiving the collision signal,
during which they do not transmit their data. At the end of the dead state cach
transponder will transmit its data again. If the reader receives data from only
one transponder it sends an occupied or busy signal which places all the
transponders except the one busy transmitting into an idle state. The
transponders in the idle state no longer transmit data. After the rcader has
received the complete data from the individual transponder. the reader transmits
an acknowledge signal which places the identificd tradsponder into a passive or
idle state in which it ceases transmission of its .data. The rest of the

transponders in idle state are reactivated and they recalculate a random dead

timec. The steps above are repeated until all the transponders have been



interrogator_and substantially contezrxporaneously dcterznining at the
reader if an‘(foi9a'é§ﬂ9ﬁfi cation signal has been individually andPeBFBa¥Qo63s
received on the basis of the indicator characteristics; substantially

cont enporaneously transmtting fromthe interrogator a common r3”e§>tPa,?iwg1't

or interrupt signal in the event of any identification signal not being
individually and correctly received; and ceasing signal transm ssion tom an
object if that object conpletes its signal transm ssion wthout receivin'

an interrupt signal fromthe interrogator during such transm ssion.
Preferably, thee.pg dp : MRS akd y | hg signal
transm ssion f@gﬁ?ﬁm dbﬂaé;tﬁlla?}fg&?(h%f?& Oszsjtyg[?:[{]qlg éhta !tsr ans%%%o%r?%ﬁleﬁl?gﬁwd 1

i denti fi cati onclsingedato send tthrebusy segnel, theethengee ; thhelebtdreagmerps fidd kgl from t he
i nt errogator. VWO 99145495 -s PCTI.G39910063~ ~ ~ 2002 |n a preferred
formof the in¥ER i‘%‘ﬁ,re‘feﬁ‘écrrrtgtlﬁlc)saeagc(?}f)r?%gaegmfnhéefww Crsl’%cﬁgseofheconti nui ng
So to receive ahispbaiintizhildavdrpanieh gnalle thab tetBardpdt BIthOdad@magadid t o
transmt the interrupt signals) until no further identification signal is

i ndi vidual l'y afifdcorrect | y received for a tine period sufficient to ensure
that all identification signals fromobjects have been individually and
correctly received by the interrogator. In one formof the invention, the
met hod nmay confr bigBlag Hastemessdaseriegni MIopaisny 3 1241680 whermgchahges in
interrogation gianal, andadeh 30 LighddDro! E bfbGIde Pt 1nflaAPa! $edlng tiMe
interval which defaults to | ess than the average transmssion ti of
val i d identifi saftiiosens iqthatranspordees tglsteirrcelcgiontphecedwe diapwilbisolare an
dent i ficati oni ol GABh hecblfer! FThe LERIRAL: caftbIL ALEIH! 4oy dellE WG N0

i ncl udes the s{ep 0 trar?smttlng atrrandom time Fhtervars ah

i denti fi cati ontley gnaisafir ansteaunpy bloglect Duhite thhasndoot delepserlyi 4 Sewi gnal

transm ssion and al Iﬁ?cvm' ne ?ﬁCh OE; etg{ﬁ wgfog]gmq}%ss ceasec(‘j_ﬁ&%cs . ran3m' ssion to
recommence t zaH&NPEEIDdh BUABHS BB §OoF e Tédte BiReAm I 'BSEEYYvent may
i nclude the absreees OktatfngAsdiait tigihgeditht hnsoitted Fe@@Rty GMich causes the

transponders not transmitting a starting block to go into a passive state. The

remaining transponders transmit their unique code. If the reader detects that

more than one transponder is transmitting its code then the reader signals an

crror by changing the transmitter frequency which causes these transponders to

recalculate 2 random delay again and to follow the steps above. The

transponders in the passive state remain so. This selection process will

eventually yield an individual transponder. Once the reader has identified the

individual transponder it is placed into a passive state by another frequency

change which also causes the remaining unidentified transponders to restart the

sclection process again. This system requires complex tuned circuitry in the

transpondcr so that the different frequencies can be detected



signal for a predetermined mnimumtinme period. Ad~antaaeously) the nethod
further incvodessehe steps of transmtting a disable signal ﬁfﬂ&hﬁmﬁag'
interrogator) receiving the disable sia al at at |east one of the objects,
and setting a nenory elenent in the object preventing it, only aftggotgﬁllz
c, bj ect has ceased signal transm ssion) fromresponding to any séb 2u

i ntezzogation signal for a mninmum predeterm ned stand-off tine period.

WD 99/ 4549S _6_ PCT/ GB99/ 00636~ 3 S~~' 2002 The met hod may include the
still further steps of transmtting an enable signal fromthe interrogator,

receiving theSlWJ\Evs?' Er—}@hﬁlv@:}qﬁ%{ St one of the objects) and resetting
the nenory elenent In € oDbjJ ec 0 enable the object and allowit to
respond to the same or subsequent interrogation signal in the tnanncr
descri bed aboye. Advant ageously, e .enabl e and.di sab si gnal re at

| east initi alPSPOIH & ‘éﬁa‘?l;%o?ft [}’5 lPché“’B‘bérgﬁr%I‘% pf°rvé4‘? nf §‘g"ir']‘}b°rﬁisf°$om any

obj ect of an iEQﬁMihﬁbQﬁEéQij\aﬁir@é}ﬁgatoﬁmdm%:ﬁﬁngem@l@ie s ¢nd di sable signals also

serve as interrupt signals. " hypically, the predeterm ned indicatoz
characteristics of the identification signals are identica! in formand

have a predeterm ned dl{rta}{erthngan AR, lag&inxtﬁ@'irlt&g%gtbr%t stream

m nex EARh AR
preceded by an initial header "and i ncfudi ng a data conp nt and a checksum
conponent, with the trahesisssion of a signal froman object commencing with
t he sane header, and the interrogator being arran5ed to accept the start
crf an identification signal only if there has been no r~eeived
transm ssi on i mredi at eltygngriktdig ftn tdek obeerb e inferrsgebr dadadeificadde | ndi cat or
characteristics may further include the %r nsm ssion of the identification
signal in a Manchester STEBRHAAYBGIFFsIEH TG B‘ﬁﬁ?‘}‘?écﬁ-’%{:ﬁ?ﬁ‘f‘%%i“o‘ﬁsﬂf’l“%k rate and
the data stzeazzx to pnegiGRedocatipRaigslly cycle at a m ni num operational
bandwi dt h. The invention extends to an identification system conprising an
interrogator and a plurality of object-based responders) the interrogator

ncluding transmtter <lzRaNs fORiGANREL!LLAG Mn MEIHAGAL ksl gnal to
the responders) receiver nmeahs fir receiving identification signals from
t he responders) and pr datessgatormadnebsfaptiallystoetenmipotangoustyeddterdiiningaal and

correct receipt ~f an identifcation sisnal, .each respander ~nprisinb a
recei ver for receiving %gaéﬂtlg?yogﬁlﬁlﬂ&ﬂn%’i séﬂgf?“s gﬁﬁ%‘@%f’%&@%%/ G

B99/ 00636 3 s~.~ aooa correctly received on the basis of the indicator characteristics;

substantially contemporaneously transmitting from the
interrogator a common re-transmit or interrupt signal in the
event of any identification signal not being individually and

correctly received; and

ceasing signal transmission from an object if that object
completes 1ts signal transmission without receiving an interrupt

signal from the wnterrogator during such transmission.

Preferably. the method includes the step of temporarily suspending signal
transmission from an object if that object is transmutting its identification signal

at the time 1t receives the interrupt signal from the intexrogator.



benerator neans for generating the identification signal, a transmtter for
transm ttni wadsdsugbenti ficati on signal back to the interrogatRGT/GBIM@ERCt Or
for detecting the presence of an interrupt signal homthe Interrogator, and
control neans responsive to the detector and beins arzanged to ase '[]gnal
trans~~~xssion fromthe responder if the responder conpletes transii ssion
of the identification signal w thout receiving an interrupt signal during
such transm ssion. Preferably, the contxol-5heans is arzanged tenporarily to
suspend transm ssion of an identilication signal Iiomthe responder if the
responder is transmtting its identification signal at the tinme it receives
the interrupt Signal. Advantageously, the generator neans conprises a first
menory nmeans teor i i i tor. a Mapchester
encoder for dte’?{‘ﬁf“ﬁ%}%dﬁgédagﬁédéﬁﬁ?’?g%?‘%ﬁfﬁ’ﬁa‘:?g"’g%ﬁrn‘h‘% ﬁ“éefaé‘ﬁ S|1‘)f]cati on
data and the osdinuimat oy fo awdiva aliodohtéicetiord siguan abyhet ine:ridgambhesidceto encoder
to derive are_identi] >5catli ontsiignql , atnld thr—E tra%n‘i }ﬁer, and recei ver
conprise nn alFHh E5uBt et R o> BR Re “Add @Pe T PEFPIYIAPHY BEM alattez
modul ati on of j{dndbAdnnd beedtlyaBccsicdiiad a i be&add wffididd@ td HsBf @8RlIpZ i s
arranged to continue receiving identifteation sibnals, and transmtting the
interrupt si gifgntifigatiop| sigeals J??fﬁe?bJF%rW?i‘@a@i wAviduginl ands comasti dual |y
and correctly_r.egcei f: i period suffccient to ensure that all

i dentificati oﬁbbgﬁg%g?%ch%ga%%%ﬁi dual Iy and correctly been rccetved by the
interrogator. The identification system may include processor neans for
generating the integrupt ~sid als .and for nerating enabl.e and di sabl e
signals fvr rgnspmé:t F?}Terfffdlﬁgbnlvﬁrbt%gh 9ita cfd?ﬁ@ayt ﬁ%“?%?pghedé <& 8hd each of
t he responder sontimubusle traeetinihg ek rogBiRSsiGal altgedshagRethahtebypa di sabl e
signal for preventing the, Vg 9914549S PCT/ G B99/ 00636 3 "~~~ ?.002 -s
responder fr omBREs gbadimfgintsva Which Bayidndess thady the gREREITAISHHENOT 1 om t he
interrogator figle 8r 4 Db RAGEARLET HhMednt bl BLRELE Ot 1@ eYe B L§T5d ¢ has
ceased signal transm ssion, and to be reset by an enable signal for

al | owi ng t he ridespfieation stanakasthsondrregaterdi ately to an interzogation signal.
Accordinb to a further aspect of the invention there is provided a
responder for an identification systemof the type conprising an

i nt errogat or Qodvenipitiyr std methodriesipdesdibe stepecic ransasypion de rramdonprtingd ng a

receiver for receiving.an.interrogation signal, first menor ans for
storing ident i“?lfré’élfi%’dgﬁ?%ahgrh St?ggll prgt%af:? °§J°ﬁ58’k}{f§atﬂa(§rnr$o‘1%a rWing a
nodul at ed i desfginkli alsin®Riosiagd @lloWing Radhebidcll @MlchfHas sdds@itighmrdiod h. e
oscillator, and a transmitter for transmitting the identification sigzial

hack to the i M BEPOHEPeT ransmESsIopdpEREREES IO CHEEVEEbNpri sing a detector for
detecting the presence of an interrupt sigval fromthe interrobator) and
signal ceasing nmeans arranged to cease signal transm ssion fromthe
responder if fihe reespuadanay owpidettes absergesefi grsvapiatiaf it He intkervigafidreat i on

signal w thout. receiving an .interrupt signal .fromthe interrogator during
such transmis §198% for aprc%ctcrmmc& Sidid8h t1m<,gpcnod.

Advantageously, the method further includes the steps of transmitting a disable
signal from the interrogator, receiving the disable signal at at least one of the
objects, and setting a memory element in the object preventing it, only after the
object has ceased signal transmission, from responding to any subsequent

interrogation signal for a minimum predetermined stand-off time period.



T he responder advantageously includes signal suspending zzzeans responsive
to the det eov@py/#8as bei ng arranged tenporarily to 'suspend traﬁ§ﬁh§§hﬁ@$0f
an identification sil;nal fromthe responder if the responder is
transmtting its idei~tif canon sibnal at the tine it receives the
interrupt signal. 'typically, the signal suspending rzieans and } 8&Psifida
ceasing neans are incorporated in control logi,c circuitry, the responder
tuurthEr including a random tiner connect€d to the control logic circuitry
for enabling identification signals to be repeatedly re-transnmtted at
varying randomtine intervals fjomthe. responder until such tine as it has
conpl eted t henillhf:é‘ﬂf'é?ﬁ‘gg‘%f“f“h'idc ¥ g&tﬁﬂ*’ﬁ HERS; 95 fra8 iy HIE 4R sblstsigzel ng
interrupt ed bycaNtheNh@ib kb, [dcBRg the MBIONLAD4OR 1B TALBOQLQARR3L 3~ ~
~~~2 -9 Conveniently. the responder includes second nenory neans arranged
to be set by andirselng thergeragryredament &vidaebiag 1 prabledspebiderandaiby inf t er t he
responder has I I a " : I, n
subsequent in#gﬁgﬁgggﬁg%mgfﬁ%gl8$§§é§$%%%fﬁ%ﬁ%gpég§ﬁ§@ﬁfﬁgaéSPﬁgxﬁeriod.
The second nerpscyibekarsemy be arranged to be reset by an enable sioTrl al
for all~in~~ the responder to respond to a subsequent Interrogation signal
after the responder has ceased si~lal transm ssion Typically) the second
Menory means GeRBRkSRSs19, the Gh€hnd SSEMSENVAs 40 afliceabhifally gAdSnand a
menory nodul e responsive both to, the register, and to the signal cea_llng
means for all wa& s gosabisrigeruseion g pet ebitd e ftanddentifisatiomsignalan

i dentificationngigRaknlPhidlisitte SeANTaIH SRR Rthed b idpiiggeously, the
responder further includes a Manchester encoder for “dcrivin~ encoded
identification data fromthe identification data and the oscillator, for

receipt at t h%‘yBRQl‘t'}':,a{h%r prcgg{gm;iggd txﬁ&&ﬁ&' El&a?arctc%g s’ §F %u\a/ Slentification

signals are identical in form and have a predetermined duty cycle, and includc a

fixed length data stream preceded by an initial header and including a data
component and a checksum component, with the transmission of a signal from
an object commencing with the same header, and the interrogator being
arranged to accept the start of an identification signal only if there has been no

received transmission immediately prior to the receipt of such header.

The 1ndicator characteristics may further include the transmission of the
identification signal in 2 Manchester form modified to combine transmission
clock rate and the data stream to produce a 50% duty cycle at a minimum

operational bandwidth.

The invention extends to an identification systemn comprising an interrogator
and a plurality of object-based responders, the interrogator including transmitter
means for transmitting an interrogation signal to the responders, receiver means
for receiving identification signals from the responders, and processor means
for determining the individual and correct receipt of an identification signal,

each vesponder comprising a receiver for recciving the interrogation signal,



conprise an antenna coupled to an RF nodul e for perform ng backscatter
nodul ati on V@ %988496nse to an interrogation signal, the ManchestracpRRegder
hei nb responsive to an output enable si~ial signifying conpletion of the
transm ssion of the identification signal. According to a still §aepPhg(?
aspect of the invention there is provided an interrogator for an
identification systemof the type oonprising an interrogator <<nd a
plurality of responders, the interrogator.including transmtter neans for
transmitting an interrogation signal to the responders) receiver nmeans for
reec:i~-in; identification signals fromthe responders in response to the
i nt errogati onzesergwal mednisr fr gamertisg athe médemificdtion dprixdt antrardhlitver for

cont enporaneoqsl%. %9%45 9% PCT/ gl 59%{ 00&36 -10 determ ning the

i ndi vi dual art&BHPRE % Bi‘é‘fa Sp 3 &t 1or & ARPBABASTg Hatletecdorg ol
generator Meaifchifs BRNSEAcd Bf A RitRFHE SSRAroRE MRnERbgAGN SRR LA
substantial ly contenporaneously an interrupt signal in the event of ~ any
i denti ficati ORCAF gisaPonsde i thg Heleston daal Esrnsamaraomdr det tspse edgialed from
any one or L i i Lrupt si.gnal be
transnittedngﬁﬁpﬁgkgﬁt y gﬁﬁé§¥@d§§F§ﬁE%EﬁgﬁéFﬁﬁ%F“?B&% i gg}%ﬁgfron1any
such obj ect \ild¢rtdicatidn vedgnahotvithodi vacdivadgl yanaimterope r ghdly dfimnsiichting its
identification signal. preferably) the first processor neans is arranged to
continue recefPRGSSAd processing all identilica~on signals, and the signal
generator neans is arranged to continue generating interrupt signals, until
no further identification signal is individuaILy and correctly received,

far a |ime pdirtismblifhg eqrdtel megnesasraagedhismperarilyi tdestsnenil depstorssish gnal s from
obj ects have QR Ts TRVA ; Yol i TvRl cal t he
transmtter fgggg%gggg%h%gﬁ%%gﬁgﬁﬁ?ggﬁéﬁﬁﬁ?g??g%§%¥%ﬁl%?%ﬁgﬁﬁg%ﬁfinuously,
and t he si gnalienjdweticat Dgnalaidhs time itrecarrgdlt inertptangei.t the i nterrupt signal
at a tune period which defaults to | es$ than the average receipt tine of a
valid identification signal in the abscnt;c of the receipt of an

i deni i ~i cati oadwbgRedushl, thhigehdrh®r meQas @bmpiHRn\4efise Hhdnyory t Heansi Bnal
generator neans.is, arranged (o generate enable and disable signals for
transni ssi on NATHE %“‘t‘ﬁ“éﬁgﬁl er20 P5RIat s 2 AIADCSStRR fncerisr fgr 4F7YABed to set
nmenory el enenipgoded AR RPAGEISa REAURE {dehihidaAGT AP Ml MhO BES At ¥nd1aVeE Cceased
signal transm ssion, fromresponding to any subsequent interrogation signal
for a m ni nurmpdubatet énvantedths Manghestar epeader eederivel po idedtifitationsigoble si gnal

Lo o subscquent T FERRb R TREREY <fnBAR ol Lo B B B FEYG cCnso -

~~~ z~aZ -11 (bhgerfestng/leacksmated medulidien af the édentificagioasigagina and a quadrature
receiver. and the 1 first processor neans nay include a signal processor
for processing baseband cnrnp~nenis of the identification signal derived

fromthe quadrghdilio, MRS eh¥REgddH B ArdrRe@ NS doHEfRAVBRGRE /epliichaba Si gnal ,
and an error checki ng m croprocessor for decoding and error checking the

Manchest er si gl #nd| Easmitype the ipagin Smabuni! e clughercidsetfivetior, dat a
stream | engt k%l@ﬂﬂ i§b&ﬁ5ﬁ§ﬂﬁ1}p%§%@ﬁ§c‘tl9%ceived for a time period sufficient to

ensure that all identification signals have individually and correctly been

recerved by the interrogator.

The identification system may include processor means for generating the
interrupt signals and for generating enable and disable signals for respectively
enabling and disabling the responders, and each of the responders include

sccond memory means arranged to be sct by a disable signal for preventing the



, (~RI FF bFSCR) <pTTON 4~'" T~~; n~2A' WI~1GS Figure 1 shows a reader and f,our
t ransponder Y@PI43H8S i nvention in the el ectromagnetic field ofpdheBIsamess |
Fig~yre 2 eh~wc a ~ch~:matic hl ~ck di agram of the'reader ~f the invention:
Figure 3 shows a schematic bl ock diagram of a transponder of the jnventton;
Figure 4 shows a series of signal wavcfozxns illustrating the coraTﬁﬁiocaﬂUZOn
prot ocol s between the reader and transponders: Figure 5 shows a schematic
di agram of a typical successfully transm tted identification si gnhal ; and
Figure 6 shows a flowhart illustzative of the operation of the control

| ogic of the t X : : /. 636~ 1 .3 S3' ~ 2002 -1
z DFSC~2r PTi (Z&QQE&EP@%J&SHWE%Q%%E%%% "%@Iggéagg%les rgngllr frlofﬂ él}cr ogat or |
Q i s shown whistarrbgaansiior & sniaimued petstamigpdatmcpaivdl 6ilg bfier it hed ehaslepi ct ed by
an oval footprint 12. The oval fobﬁt prtnt 12 re [es,en S th? effective

readi n' range 82 FaYRISHET, 2hicc eir%se'tgibia(?af’? e AT £lloYing st ers. Four
transponders 4ol 1d&spodl idRhealaiPMolaliimtedkd}atibh kthi. Any transponder within
fhe footprint 15 will derive sufficient energy fromthe energising field so
as to power its circuitry. In this situation where the transponders are

ust nb eneré6ry I Sl hel I their ect r-oi uc
circuitry, ancf{ c&g@%’goﬁ:e Iz;aljcﬂt§ID ({lﬁg{ﬁ? krg'c&t%éll&gwﬁése egBP&(;? r%s'ﬁl’e?%‘lr sfcl’rng IS

typi cal | y nmuchusdsngifigetiort syaremt dfethé iype domprigng) tu imeegethr faod agdumlityi cat i on
using the baeh&eaetstoenrdergodggc tire(gn0 Bl hod%dgit céamebr aceepted. that all
transponders that®BrE bei i§ eNer g Sed By a s ead&r® W1 [OTh P& il 3t y

aomruni cat i onsntairbdntibhesighal aflet neeRtbry ddnd fei storief Rt RehibacdasCaint er si gnal
will be received by the reader. Wjen | eavjnb the zpnc, the transponders

| ose energy afd®8#8p 30’5‘8?‘3??%&”@6?8?‘% at’ﬁ‘@i“g‘@o‘gﬁ‘ﬂmcé%ﬂﬁ Henabifpmtls degr ade
to such a | evedertifdiiiduhBath GAH Ak lofciltor, ARG ra@Rbbiid Fof BGRENER the! NE
backscatter signals correctly. Initially the energising fieldl1s of'f. The
node of oper atifentificationetigngy bask do thsumterogator, thoraspordedfuttbertdemprismger . The
nodes of operatjQ re."norpal. r "owith on lectronic, . article

surveil | ance M@@ri rtc%a':rtm?i H@Fr"é%gg%?n" ea%lsfmgrr?uepqs? tﬁ:%(a:l(ragos 3%‘% V’Rﬁ”c?é”ﬁpir‘fi ed, "set
EAS on" to di sablggmbchatingmspondaengedce ¢caschaigniieednssissivas bl khe
identified, and "cleap [EAS" tq enable each transponder before readinb.

El ectroni c ar t'F&C8 °§dE s Tcls%ﬂﬁ’g%r ?°§‘pécg?ﬁ46WF’§7‘sff§%d’|92}§° @ﬁm{’f&ﬁ‘?’éﬁ ifting and
anti - "shri nkag@thol®asedidine The i@Bei@i Shd frdre| thel ftdnoFBEr Adrinkheuch
transponders are identified and then it is turned vff again. Figure 2 shows
a schematic bl'GERNEFaHr am of reader 10 An oscillator 22 provides a carrier
wave signal at a typical operating frequency of 91 ~ MHz. A i WO 99145495

; PCTI GB99/ 00636 ) )
The responder advantageously includes signal suspending means responsive to

the detector and being arranged temporarily to suspend transmission of an
identification signal from the responder if the responder is transmitting its

identification signal at the time it receives the interrupt signal.

Typically, the signal suspending means and the signal ceasing means are
incorporated in control fogic circuitry, the responder further including a random
timer connected to the control logic circuitry for enabling identification signals
to be repcatedly re-transmitted at varying random time intervals from the
rcsponder until such time as it has completed the transmission of an

identification signal without being interrupted by an interrupt signal.



, "~ SAP 2UU2 -13 nodul ator 24 is controlled by a mcroprocessor 26. This
allows the wWespmgecessor 26 to send signals to the ”anSpond?#/G%g/ooeae
nnodul ati ng the carrier wave signal. The signals are sent by the

m croprocessor 26 sw tching the nodulator 24 to 10a% nodul ation depth for a
shod period (100 p.sec) which has the effect of sending a negatiaeu%biﬂﬂﬂ;z
pul se to the transponders. Another nethod mght be to transmt an

i ndependent signal on another frequency, tQ tncreasc the power |evel of the
eztergising field, or to transmt the ener'gisi ng field briefly with anot her
pol arisation. The different types of interrupt signals sent to the
transponders are a "normal interrupt" signal consisting of a single pulse)
a "set EAS interrupt” signal CuUnslStiri$ of two pul ses and an "EAS cl ear”
si gnal consi stQongeroéntlyl the reapbsds incudds wiviood nroety ineans entnged thbaisek6 ns af t er

the energising field has n_f d. The jnterrubt signal rc
communi cat ed %?/’ as%ﬁ%cat lcnégﬁzl‘saeff%f)pgﬁ&gfqﬁ%ées? ?r@ﬁﬁﬁghd%%g ,ther’gﬁpé’Pg?rztéaé of

whet her or notcedsbe wismnl tradsatissian thiong rasporidgt to arst aubkequdthdsterrsgagival s ar e
interpreted as.t hle failed transm ssion.signal, for those transponders that
are current |y SigR2Of ? BHRMRUELREHETaRe UMtREToAt er rupt signal is transnitted
at the instant that the reader detects a corrupted tzans~t~i ssion state,
and it is not necessarily in synchronismwth any data clock in any
transponder. Abgsoand apgsiqry mepnomay, by arrangedh o bogat A ey crsblersignal {gave si gnal
to surficlent figuflsnd fesbdtec oltesshl 654 bitBcd R AR ARE Sighd anh frkansm !

antenna 30 radiates the carrier ve signal "to give the €energising field,
and t he transpespdedes hagscadqd sigpd! wargmpssioger i ve power from the energi sing
field and transmt their codes by neans of backscatter nodul ation. WO
99/ 45495 i PCTI GB991 00636 f 3 S~,~ 2002 -14 A receive antenna 32 receives
t he refl ect ed TyateHy,ah¢ srcombaieinaty roeans icomptis:s b registdérhrespotsivans doeabler s. The
recei ved backscat %er modul at i on Zi g_gal S, 2ne m xed wth the Loc.al oscill ator
signal 34 in a'GaRdreRPETPERIIRE: TEROASKC PBTAP TSKEFIR Y ORONEII 34 i s
derived from {h@i0s sichnsfop hliewWing B pdshlider &F cdrijctel datheabmistion @€@hver 3G is
a baseband 1 si gn,aci 38 and a_baseband, Q signal 40 which represents the

t ransponder da‘li%{‘.“ﬁTﬁé’“IS‘%qabeéﬂ"%Bc‘afhé“s%%q-gnal 40 are fed into n signal
processi ng nodul e 42. The signal processing nodule 42 anplifies the
signals, and conbines diemtogether to give a rECOnst'ructed Manchester

data signal 4AdWanesequshr dbeaespordss feherhinsludes dalMandenier prpoderefor
ttansponders. JThe: contl BN Gadintiionlash 9%ah @8 BAMEENR sk baal 440 al | ow

t he transponderhclgdeg%gg ‘]E.)egdéeﬁ%ect ed flzrﬁ‘lrlespecti v’e 011fl t_ﬁ’g path length
beriveen the rwaitletor,1fraredeiphat tthansgaiey sand 4tht otr@8mithengd excodtest r uet ed
Manchester data si.gnal 441s_izzput .intosthe m cropro r decodi ng
acid error che“c?l?lpﬁlgc. R anidng rcé)ﬁ@ 5%r} garn ggtrgoclmsle g%c c(ﬁfe%%%il%ﬁ téa%%igg(l?%rl ed
Manchest er f ormodieioabin tdagorse amsqpoimtkerogsticnl dgkalr dik ylatopphteraddegdek0 ki - | z,
and the sezial data arc.cornbined tong'{’lve .a a_tqa.lsi ream g%vi n@. ﬁ\ 50% dut y
cycle at ninl KN TSRS BhaP BERRIVGTEPY. SiErb 2B Ning WHPLEUR Tl t i s
possi bl e for th@sMissioaRl 8eesmdficaalsiineXt ract the data and the clock rate
of the transponder. The m croprocessor 26 perfornms error checking to
determine first, if there is ne~rc than one transponder hransmitting at the
same tinme and gecoffl, hfa QRN YRARG b4RASPOBLCInvbRidn’ ABRM:! blolded idh there aze
errors in the recel ve& transponder data. In both cases the transponders or
transponder' riespegatoyfiryn adeatiferiton spistemtod theuppe edrgpmsingiah lataregatasr i s
encount ered by, the nig; ofs, A8 13Qub sk FRANRIEESnG 2
retransmt t he‘f“ﬁdhadgltuzriaqg)ggf %g&%ﬁe&bﬁ’oéﬁt rate rolb t%ﬁéé '?rr ansponders is
‘typically 10 kimswitihg aunt oltercgaten cign@0% ithee respdrdess| owkiveameany fof
transponder can vary from8 kHz .to, 12 kHz, The m,croprocessor. 26 checks
‘that the cl ock™Fdt! gofC{cP'IrﬁT%écaf‘?%n'g%%a#déo"? s!h T TREBHET h’gséeg??f\%?ptf edét err Xt i ned
limts, failingeMduetion siy¥l 3614 4&Rsdr s for BAIBRAB6codtempbradOiiAly- 15



an interrupt signal is transmtted. The Manchester encoded data stream

whi ch ~s shownosaka9s5 in figure 5 is a fixed Iength data streamGesiosdssi n
this enbodinment it is 81 bits. Any lengthening of the code neans that nore
than one transponder is communicating at the sane time arid thatqtden ragagler
is detecting a corrupted signal. The microprocessor 26 checks th& Yength of
the data streamand if nore than 81 hits arc received) then an interrupt
signal is transmtted. Al transponder trapsm ssions will start with the
same 1 bit header 45A at the front of the Manchester data. The

m croprocessor 26 requires that no transm ssions are received i medi ately
bef ore the hegd@mitingnlsdinddiidual dral @ineereseief am dletdfeassrasignalf sipnalnsm ssi on)
which is signalled by 3 clock . .peripds 45B of 10.kHz i.e. 30U psec. if there
are transm ssEORERQT PHT ﬁ°”'t¥’ﬁi‘5§v°p‘8rtﬁ%ar°ﬁ1°‘§% meang fof é?‘ﬂ&&iﬂgs‘f‘gﬁsfﬁ' ¥

transmtt ed. &f.ﬁéﬁpdrmohﬂﬁqﬂrinéﬁﬁ%t sig@l fnrthdsRanefinydadmificatiddisiphg form of a
72 bit string 45C foll owed by a checksum or_parity conponent 45D all ow ng
the ni cropr ocegdemedadivisuglly prdcorgatlispeidfes anyofncion mogmeicstecdddved by
verifyinb tha It i I QM t rrect
answer and t hfﬁtotrtcgﬁérp%gllte gMﬁlggpt%gét% Slll;tgctabnm tl%ggr?tﬁ gﬁa@%ﬁ“@y&?{gﬁf nsj,ﬁgllxt%gneous
ttansm ssi on kignal temcmuirdionr fers o dwich lobiettnghitshet wammotsindividually raadand t he
sanme ttansponder ¢lock rate.. |f t chee m or parity cal cul ati ons provide
an incorrect ‘é?fé‘iﬁé?’%aﬂgﬂ’%‘é’hg litsn‘fjeenrt?%%tfo ss’ll%’?llgl is transmtted. During

Lransm ssion the clock rate of any transponder will be stable and the

m croprocessor will be ahle to nonitor this ,tfbi lity as transferred in the

data stream Brdcrallyeths Pt 50ccson ment fepganged 1o vortig JRCHRA AR n t he
clock rate in pofggssq%tgl ggﬁtgm@pggn@amgggigggcgéﬁgfmpn,emqg Betndedansponder
starts its sifultaneous transm ssron. The mcroprocessor nonitory the clock
rate of the d&t eomtinne gemeantihganigrspiddanlse wailge fither fdeni Betiopsigng] ick rate
will cause aii_jnterrupt, Si I e o t ream
passes atl ¢ aRgTi B Shtl reludtel s BRE RALA el |G S T2l 0
WO 99/ 4545 PCTdGBASItIch?bizhnals HAR 250as - HaBe t bcamsipdvitimellylatnd  £omently si ngl e
transponder. This gata is sent to the conputer 1 via a communication |ink
46 to he proc&EEEG% urther. Irr this enmbodiment. the comunication lizzk is
a RS232 serial link. This could also be a parallel Ink or a networi: Link.
The incorporation of a unique identity nunber in \}Qe. transponder data is

I

not one of thdyPialit-r B¢ BROWERE &s 2Fensssde lsaormit (he ralesrgatiol stk om t he
transponders. I, SuS S i PSS LB hcBRNK hir@fRePapdeddmiv e i denti cal
nunbers) in which caseé' it wll Dbe able to count how nmany instances of such
nunbers were émemupttsegradat Fhigamperiad vhisheehulsschdenthan the avarags ¥eFBm of a

t ransponder 48. ~'he trapnspo . da r. cpde.d t i N ta nmenory
nmodul e SO. 1n 'tHi & t eanﬁ'éggﬁeﬁr?%%%&[ trsgﬂzgplgn grablégﬁbg (g(r)ﬁlgi f;@;@g}f&@ 8%1 bits and
a |l eadi ng 1 biifledtigiaghéon sigddhet tlatngerrogaor.y i s preferably PROM nenory, but
EPROM or EEPROM nenory nmay al so be used. It is preferably progzaznned when
the transponder is applied to the object it is tagsinb. The prograrntninD
is performed hyodeReRly, AHTRIgniidnBralta Sndawd isdirf0gdd BOgnaate Phdbde ami an
antenna 52 to provide rower and a third direct contact pin onto.a
progranmi ng pedsable sigpals Her transmitsinggEr ta fransmifigge rfﬁ?r"?ﬁ:aslgﬂ cBiP%ct s
energy fromt I Si : iRt M &y dh@othey ant enna.
A foil patch gthggér:l%gnS%/&gPE@J %%&%Tts§§g€c ?ﬂmcr%adi on%xr%etgudgncrgy(Rr) ﬁyodul e 56
rectifies the leot| eedsedl sigealgyransmisséorar fow aesperdingyytos apy e subseg¥fa@t f or m of a

capacitor 57 to provide th erating vol.t for._ thect.ran d circuitry
A snal | batterY™ Qﬁa‘éﬁ“si‘}gﬂg fggédmflgn \Rfacrdd?%gmtd(r)%ﬁngb%efrflé‘é% S#ﬁ)g gf‘%ser t he
transponder i SgtQ@nbkle si@al@kingtaf@ngddronget tiehaeangr dememy té abibw thad t he
grCater the collected ener%y. The RF nodul e 56 al so has overvoltage
protection m tpRieRoioFeeong 19 8 FEFCHBIBEI ISR HiPnent 57A to limit the
operating voltage WO 99/ 45495 17 PCT/ (B99/ 00636 3 S~~' 2D02



when the transponder is close to the reader. Wen the energising field is
tuzned on). od/dsahsponder circuitry powers up. An osci |l | at orpéﬁcgéﬁ%i‘s%es
an inprecise hut stable clock signal 60 for the transponder circurtry in
the range of 8 kHz to 12 kHz) typically 10 kHz. A control lobic unit 62

di vides the clock by eighty one to provide a franme clock signaf $# A07 r ane
is defined as the nunber of clock cycles to transmit the entire transponder
data of 81 bits, so the frane clock occurs every 81 clock cycles or 8.1 ns
for a 10 kHz oscillator. The frame cl ock s“gnal 64 is used to clock a
random del ay timer 66. The random del ay tiner consists of a pseudorandorn

nunber genera&gt 68 and a.counter /0. On power up ,of the transgﬁnder, t he
counter 70 is  aff&yyel BagLYy ctal{cﬁché"%ﬂh%g‘r BUDTLE WS CFRE- 2P S ¥ ponder
will always tgisibdesdor Snédad thal Nndlid 4 bighd paveRonfdr @rodeestRy bhsebam that i f

it is the only transponder present it can quickly be identified. The
counter 70 coupmgonaiinolig idpraiication dgral deriysd; o dhe AnadsamEe tackivger si gnal
72. '1 he tri r.si C ke e A a g a 68 to
calculate a nggﬁréné%%?%ﬂ] edrqM |cﬁ&?é($ﬁéﬁ gédggppﬁkggﬁﬁegggﬁh er 70 to
ti me the next miemedowesiet foy dpendingdand c@iee checkipgahe Magriebte7 Signdise lasauses t he
transponder to start tra 1. SSI On Its data which occurs i.n the follow ng
manner. The C(S’ﬂttltl’ﬁlbalsggpg%l? i Fy‘g“z ngecr%“déa%% stta} fireagy b %éiaﬁélaﬁhe%upo the data
menory nodul e cBRuhibmsh serially shifts data 76) starting with the start

bit, out of the data nenory nodul e 50. The data. 76 is exclusive or'ed with
the clock 60 in a Manchester enooder 78. The control |ogic al so enables the
out put of the Manchester encoder 78 by neans of an output enabl e signal 80.
The out put of the Manchester encoder 78 drives a-nodul ator R2. The
modul at or 82 GRIFSDESERIBIHONLOBIHIBRAWENGS and so nodul ates the
backscatter fromthe antanna with Manchester encoded transponder data. On
the next frame clock signal 64 the transm ssion of the data is term nated
and the I WBi@Wed5495 shovrCa/rElp /a0d 686 BanSARdAO@T thd Enveatignutin afie t he
Manchester encoder 78 is. disabl ed g%drgggrt.s_of t he out put enabl e signal
80 When the reader 10 sé&domaeneyniFldbhefeader snsnonder it nomentarily
renoves the RF energy i e. it pulses the RF energy off and then back on
again. A pulse detector b4 continuously nonitors the incom ng RF enctgy on
t he ant enna 5Figwne pul seir¥t vinheRaic dagketiagmm ofithe reedmnfithofvprtiaies are
counted. If a single pulse is received then a "normal interrupt” signal 86
is pulsed. If a double pulse is received then the "set EAS interrupt”

signal 88 is likwed i nt chewsnmmsehgmdtic-ibdecki diagiam of gr transpoaderepf BIAS regi st er
89. If ftve pulses are re&%hved then an "FAS clear"” signal 90 is pulsed to
clear the resister 89. The "EAS clear" signal is only nonitored during the
first two frames after power on, after which it is ignored. Wien any pul se
is received fzomthe rquer i.c. if ei}her qf the_interrupt .s j} gls 86 or
88 is pul sed HFPELY t he PPRhsBontEFS i 8F iRt rENEMATE i A T4 at™® t hen t he
out put of the Manchest ercoaig@@tion Srotazolis BER@Eathe kaadeh malktaachdaderseans of the
out put enabl e signal 80. This imediately stops the nodul ati on of the
antenna and so stops the backscatter nodul ation. It; however, the

t xansponder isgable-to t I i ggﬁﬁi i Lvingia p~>lse
or pul ses fro%lgﬁte?eade%hg{%%?s%még%ﬁ% ﬁ%gta%g?\spo égrstu'eﬁ%ﬁv{g§%?%¥%l§gd been
successfully identified idgnitficationesgghel ahd. The control |ogic 62 places the
tt~ansportder into a passive state in which it ceases any further

transm ssion of data until it has beef reset by having the cnergisin,g
field renoved. ppapt ber nablheth abweleselllubthgive Be thd apspesidef tw ghirdie a tone
nodul ated on the cattier. if "set EAS.interrupt” signals 88 are received
prior to the transponderlogis®é&edrasaopdir ansnitting its data, then a set EAS
register 89 in the control logic nit 62 is set so as to renenber that the
EAS node nust be enabl ed when the




1 [

WO 99/ 45495 -19 PCT/ GB99/ 00636 3 SAP 2002 transponder successfully
transmits it dvQaV¥4s495Thus, when the transponder does successfuld {7%9%812

its data and the set EAS registez is set, then an EAS nmenory nodu 6%‘
set and so the transponder is placed in EAS mode. ' '| he FAS rrermrg &?’DF?LQQ
92 keeps its state even if power is renoved fromthe transponder. Ji 02
EAS nmenory 92 is set then the transponder is disabled fromtransmtting its
data. A set EAS interrupt signal has to bejzeceived by the transponder
prior to the transponder transmtting its identification signal for the
fit~st tinme so that the set EAS regi ster can he set prior to the first
transm ssi on) DB . HVIENASt he event of only one traasponder
being |l ocated in the footprl nt of the interrogator, the identification
signal fromthis transponder is ptclced up. Mre particularly, should the

i dentificatiomnSFig@al 1 & OfFfhder SbiShterrédatdNIPORASHoWRE WHIGHE @28 Eritd Yan
transmtted w thout generating an |nterrupt signal , the set EAS register
woul d not be &FirymIsglic Aacrgisigdinld dpicigd bnan pyval deatppnt 12 gffm ovgl initially
sent 10 ensur gdihad: ff?eg?@kn% efB iV Sfcadifig qgﬁ%@ﬁﬁﬂ feg@ar ?tﬁtsxs 1s is
shown by interrupt sign Figure 4. The rrermryrmue92|sa
medi um term mm@lYé)b@\rmmﬂinmlmt r@ansppndtes thrét Brand@P agewithial hour s,
whi ch operates,t I b cI t Lat 0 tra mssmns as Iong
as the nermryﬁlmsﬂg‘? R‘n ‘m% s %cttg%g %‘é‘&a Rﬁ FPleset after
its charge haSrohe&hKEﬁhrgt\Aﬂljg ﬁet/thtoczh ) ﬁqutﬁlst&l:llnMyf ot stustidrowidrg e hour s,
dcpc: nding on anbient tenperature. This operatjion_functiotts whether or not
t he; |ransponaréﬁsma%crwwewﬂﬂgcﬁq:rsvtféorﬁraés@teeswﬁ fgld S0 rRaWsT ithleNel d. 1f an
EAS cl ear si gngky&ik i 'cﬁc&&fedndv d tsleid Re &mef:'ffeﬂ adeiBd tdr ae&%,%]tscr power
up, then the contents of AS nmenory nodule 92 is clearéd ether it is
set or not andY%@'Wh@ChrSHﬁmﬁdél’hei%ehﬁélfwﬁmeééect@fquamwltllqﬂtts'mata aj ai n.
Pi bure 4 sho a and the

t ransponder smﬁfﬂt’%&%ﬁ’l\% olrm‘ nsh{}?tr%%t ﬁ}%%&aggwtg%ﬁm &ﬁgag%gﬁg?ta ng WO
99/ 45495 -20 RE WlﬁB@ﬁw@B&B@y& reEder beﬁa\fq @admbomenxpaadenmﬂomor t hree

di fferent scenarlos V. or t.he Sc ario. n," nar mal
interrupt” si GRS rg%\a‘ ee}dreﬁﬁ/acﬁ%c F‘c%g%aé fo fﬁ&'vvﬁghgﬁr&a 'en "set
EAS i nt er r upt "Whindealigy the ot et mdpmﬂvxeﬂosrcranh@ ahd stfopropérla&ng,ssefaﬁri 0 when
an "EAS cl ear"” signal |S|n|t|5 Pfg"lt to clear_ the EAS neno nodul es 92)
fol l owed by ‘Pfd’r‘i?é‘lmlﬁfh‘faé*f’t‘&'ﬁt‘ Sé?gg 1 sughpy lovel the theysagder gyno Aerand 20A
are the Manchesi.gs reaeeqﬁthc@ceuttevtannseorréche modul ation of the antennae
52 of the respective transponders 14, 16, 18 and 20. At time to the reader
10 turns on the energising field 12. The transponders are powered up and
perform a 1 o ahiuafl uk ciBielsie APITH | hedaddhor bORULPRUIN wpgRdRAN |11 1 A
i nterrupt signal SRR the transponder’ s f rans SSion.

wavcf orm 10A almonmtcditntlwmzq@t §hgmaﬁes&ffhpc@ugemtc“ht%mmﬂtr¢mdsmmre>ffect on

t he transponde For vefo al 88A is

causes t he; ség cefamc A ?atls’u%’ﬁfr| Cetcﬁﬁ)r ancspgAieaflipo THE DAV SEY d the set
EAS regi ster iifentified, cogtt RAS | Qi 6 @Psable B&hSGhnspdfder V@icef @or ms18&enan " EAS
clear” signal 90A is sezzt which causes the EAS clear signal 90 in the
transponders tBeasesiigly Sd@d“%@ndn? helegb kySol to] egble @h (tenegaadsr P‘PféreEAS menory
92, thus all owinghd :Za§t|? 1 J RS Jakd dge ! 2,
tytricalty 1G n@%art[ﬁc&{ :ngz ua upuu e%rfsacthave mr|{1¥9§:tdaas§ gﬁ}é lftiter power
up and they staadt adti-sheinkdge’ ngeashwi r Tls pocisue ditda.is ﬂihedr anddtm del ay
timers 66 zn t nger. e random del ays. The reader
10 receives thgi%ff;ac 5e a't%l cm%ﬁ%ﬁattﬁ?%ﬁ?%ﬂ&%ﬂ%gzg " rom t he t ransponders and
attenpts to rebuild the Manchester data. AS there is nore than one

transponder 1 ~1 tq 20 transmtt.i g?%kt he m croprocessor 26 \1,1\1 et ect an

error in the rfidg¥hsk Fhm‘tsed sehgAcHe Hagramapfareadrrakl ¢ Ameot

interrupt sig BdightGt §SieH Sp&rid dtsanﬁeonders :
pul se det ectorbgl)égééc?et ect E{h’ 1E&I sesqg‘% thg etnefj’rjﬁélxgllmrltc-gl;rtﬁf d and pul se the
rel evant signal. In the case of waveform 10A, arid | OC the nor mal
interrupt signal s6 is pulsed and in the case




WD 99/ 45495 PCT/ GB99/ 00636 3 SF~ 2002 -21 of waveformIUB) the "set GAS"
signal 88 i The control logic 62 imedi ately di sabl es the out put
of the Mancﬁgggéég‘g%coder 78 and so data transnission from t hECTICRIYPYbler s
ceases. The transponders then wait their t-~espective delay tines, At tithe
t~ the randomdelay tinmer 66 of transpondcr, 14 generates the tK §§3r2002
signal 72 which causes transponder 14 to start transmttind its data 94.
The reader ) O receives the backscatter m)_cwl_ ation 94 and attenpts to
rebuild the Manchester data. The m croprocessor 26 decodes the Manchester
data while checking it for errors. As there is only a single transponder
transm tting, Lhgusef Bamil | cneBlidd byna %if:x%f)x%c&@% 98t h&idn QRN @fe€SSOr
does not send an interrupt signal. &ce transponder 14 has finished
transmtting itsromoeessomdsno sqnd sigralsietee rospinders byymadubating alnd syo@erdcr, t he
control logic 62 of transponder 14 %I)_qctgastter ~trtsgonder 14 |{ nto g passive
state and it cYAeUmly FUF PBBHS HFUneti SsiBnBFIOFHET 40 B &Mt he
interrogati on gp@Nabr 24h8 100% ARMDARES@PHR brseef Jched sLBCESS] Whik recei ved
transponder data to the conputer 2 L via the comunication |link 46. At tine
i s the random bislthy efteanef seBling 2 negatiyp ERMEPUSB tg dieiranseandgrst rfaeiber Si gnal
72 whi ch causes, . R it I ~G 'The
reader 10 receﬁl\‘iggég'?ﬁéygg%%sg%%ﬁtr ﬁﬁnﬁl}f’%’%i&%ﬂﬁ%ﬁ% ogtdtné%%f g&ta%&r@%%& | d the
Manchest er dat acrcddvetht poiver tyebekths omefisivieGeldesr tohteandariche shawisoat a,

whi | st checki ng i%.f r elglrortg. Atl }itma th the randomdelay tittter 66 of
cransponder 20°8f BC@%‘% SPREPETFIFEEE signal 72 which causes transponder
20 also to start transmttinb its data 98. The rzticroprocessor 25 detects
an error in the reconstructed Manchester data and-so at tine {~ sends

i nterrupt si gnahesdigrest bgss oY HEEAt StEnAsgeatie Ba ERPeIdsE AEd dormtRle
transponders' = e detect of. et udk n; n ,1Si ng
field and the 'rné#g'{?gnfxgl gﬁlt gotrn(rgla?)?éélf%n%ﬁg%&&gr& %8 Slifsa%é%l 1snté ) p?hg{gggnt r ol

| ogi ¢ units 62cafsistingnt pymgaisss a8 amdEAS dleanesiized] ebysistingof oe4B8495, |

PCTI GB99/ 00636 _3, ~~P, 200 22 psa t - r encoder
78 of the trandbnieh STosRacpBaCtY Bs'oas ¥ RdbeR: Al NG EHG
transponders 18nand 20 ceases. Tzansponders 18 and 20 then wait their
respective delay tinmes determned by their reset randomdelay tinmers 66. At
times tF, to and too, transponders L6, 20 and 18 respectively transmt
their respecti ¥ge ddlefru c@@%]naﬂso&caradmmﬁaaﬂdt B UdorlentnRhhdinbi D eMehesO are
successfully received by the reader 10 and sent to the conputer 21.
Transponder s 1&anspoiesndegzodlayseof prhsthed of Reothey prs dEansraittingaatdbaitipgatease

furt her transmr%geoagmmgg (hFrbEE BV e il ARaisoloRCGLNA s ol L DY
transm ssions for a period equ to the | ongest ranéom ay tiner of the
transponders (imndpbhdere st a2 Seeothd$) a titansmidiiorastets. tIhetihterropinpgragis 21 t hat

all transponders ar.e read an u down the enerqgising field 1 Referring
now to Figure (‘Sr,ansémétécg pt tgﬁé'l‘sg"r\";p’c?ﬁ §n °frlc\££]v\%ﬁ§§fts P %8%‘5 g né“st“f‘fég%npéﬁtﬁti on of a
control |0gic WRd it iBrotinscesii@Nin syRckragisinomitiadny dataeldck dvaxtyatt dnspander.
illustrative of the manner in which the various EAS nodes operate. hor

nodel | i ng purposes, for tzansponders with a LO kHz clock rate) and a 128
transm ssion ”Aaggw%)ésm 18t | TR s RNHE R R4 @ arfi QT wAROs LR RS RUAKRAE tO De
read) nore than 000" ¢l ashes (oz interrupts) woujd occur in reading the
transponders. $helsltd givertead@rctiberdading rangst 3¢ desamshitraattnea 3hepdimatesdhrer gi si ng

field and for sone reasaon does. not nt. .t 0 -accept her ..l tigt{€s, say
while waiting 81 H’é’v%8%{13%?5'%%%(%%5@?138&@&%% %‘%gaésgg%decrrsdg‘pdr}6giener ate
interrupt signahg 2t daiveepdvad fre@s shé kaergishe field sadaransmistheis sodes by me f or

the fastest all owabl e transponder .
means of backscatter modulation.



cl ock and thereby prevent the transponders not a.lreakiy in passive node
fromloin | W®8%3s ve node until the bl ockage has been cl earp%dn \5\8 '-
99/ 45495 - 23 PGTl G B99/ 00636 3 ~~~' LnUL The abové enbodi ment 15 &tn C8Hst o
applications where a nunber of transponders are placed with in thg r eadi ng
range of a reader, the energising field is turned on) the transpo olsh 2802
read and the energising field is turned off again. 1ln situations where a
reader is mounted, say, on a door flane féf- access control or above a
conveyor belt) the energising ;held would 6e Permanently on and the
transpondcrs ul d be, nov into the energising field..the | d power up)
transnit theiw‘tfé’tvﬁ aniegng ﬁ“%?ﬁe&'ﬁﬂ%f?%ﬁdgﬁ%“@ﬂg&f@?é‘-ﬁﬁg%ﬁl% aﬁDf“ in. In
these situatidsahdpend@adehe yeived 6aiksiatidomsdyationaNiistart Rigdd Wwigh Si ~nal s
at an interval |ess than the nessage transm ssion tine for the fastest

al | owabl e t r 2R pefib @scitiatee kgl \ g Pat (ayadsatiss reqgiver 38 b rlogtl gyssillgendi ng
nterrupt pul sy ali WERE: Idord U bScilitor SCITHE LAGRTIAL Sflalifufiem ST On
data froma pafticul ar transponder and continues to suspend transtpission
of such int erceppterpift ses Yasebaad I sigrlt He auth b cbasebandiCh signak 60 rwigtied unt i |

t he transpondgr C fully.finjshes it tansmssian . Thereafter, it
conti nues toq'ggﬁ%ﬂ%lsn g?r%%toxgﬁréiﬁg':ﬁ]aetl Sgr??f?ffi Z‘r zi'lgggu Ot?rf?? mgi%lrts tc~
recei ve uncorsigial ptbctsstgsmbaide dn. dAteasidnab proadisihf eoduleads paptads.thé n t hi s
manner transponders can be ngved passed a pernmanent|y powered reader, whac6
will he abl o Y 2nd CHBRPEHHCR [dErPEp 081 reroprpicisd Manheripn gace

transponder s. sifiN.$24 vwHid}Cepichétd ha MRRRACKRS ARl ¥nd HyaRs WahsHoRAdr@ The Peri od of
2 Names (typically 16 ns) then the tz~. nsponder would receive at lea St two

i nterrupts ofcomining §bthegAEnahifeand the Q sigpd 0 plovERS trapsonider ¢odqie r ed, pri or
to its first i L5Sl I £ 4o 13 i f bl i
of Lns. 3 depRORIE siesth @\ ! b nihth LRGLERL KRR LS P DS

i nt errogat or , raneprdessildgo PBe steps of : transmitting an interrogation signal
fromthe '"snterrogator to the objects; transmtting fromeach object to the
interrogator an identification signal having predeterm ned indicator

char act eri st i'tig recorseaalvanitestenéath SigeAl A eihpuR ints tgmcioptResoy 019 t he
Identification signals fromthe objects at the interrqgator and

subst ant i al | yEBHPEMSSNEAEBLALTKiBRL ERGTHIPRIdE I2tE cRcodertin ametifed any
i denf ~cat i on bgihakeN RRmDORR ety e NS0k sk GRte! NBAgix/ Ga Or not on

the basis of the indicator characteri'stics; subst_aﬁ?iwg?{?ly cont enpor aneousl y
transmtting the eenal idetaj ase combiged tr gire echiroireae bayiap e fi0fs dutyicsitlerat upt  si gnal
in the event : ' s - et ' [ 1 S8 0on state
arising fr omlgfr?;l/lkp e%lhﬁoéggﬁég&}s@gngfo%g?s ghéig%%&ﬁﬁ%sg é{‘fgﬁ?g&;ﬁ% correctly
recei ved; andmicngfepensie 26 tyexaeastihndatsiaghthk cloclarssd 98¢ pmshomdar.at 1 obj ect i f

t hat object successfully conpletes its signal transm ssion wthout
receiving an interrupt signal fromthe interrogator during such

transm ssi on. TRt microRblasbraxcpdrtbnmg ehor ehaaking to Wblehint TRidasethe step of

tenporarily suspending signal  transn ssion froman abject if that abject is
morc than one transponder transmitting at the same time and second, if only
one transponder 1s transmitting, if there are errors in the received transponder
data. In both cases the transponders or transponder' respectively are sent an
interrupt signal if an crror is encountered by the microprocessor 26 so that the
transponders can retransmit their data again. The clock rate of the transponders
is typically 10 kHz with a tolerance of 20% i.e. the clock rate of a transponder
can vary from 8 kHz to 12 kHz The microprocessor 26 checks that the clock

rate of the transponder is between these two predetermined limits, fatling which



-25 transmtting its identification signal at the tinme it receives the

i nterrupt s\welsshgsom the interrogator: 3. A nethod accordin i

claim1 of clai mbfgsvvhi ch conprises the further stleps of cont ?’r?f}?%gdﬁ’@@&{“o
receive all identification signals at the interrogator, and to generate the
interrupt signals in response to a corrupted transm ssion state] ngi%gggo
furthec identification signal is individually and correctly received tor a
time period su~cient to ensure that all identification signets frarn

obj ects have been individuafty and correctl y received 6y the interrogator,
the tine period 6elng at | east as |long as a nmaxi mum random

inter-transm ssi I 1 L ©dmof e opbjects,.. 4. A nmet hod
according to élﬁtlﬂg?&lpglsgﬁﬁ]}'lls%thgfmrgcﬂ%kﬁﬁggg%dreﬁggg SFrhaén’s‘f'}é'ﬁlg' in an

al ternati ve nodehofn @petSain bHizuaf Scpnt ifiddUsdeyh da@nsfeam iwh@cht e this

interrogation signal and nsmtting,.the interrupt signals at a tinme
i nferva( whi cl‘r“@g?‘zﬂﬂ"f& '$ %lil%été's Agid 8’“5\?2?}59%’ MEARINAS B hafe of a
val i d | denti f ioaatti@kpond@nal cdrintdhi@uagseneeseie tihe 4n8CRitPihe Gbaddh is
identification signal at the interrogator. 5. A nethod accorriing to any
vne of cl ai ms YFeFEReR sHTeRkdisiHOudes the step of transmitting at random Time
intervals an identification signet fromeach object which has not ceased
its signal transm ssion and al |l owi ng each object which has ceased its
transm ssion fldemiciopinceiserctd theelidhd lsagtoaf the dete sipemseandtibmara thewdl event . 6.
A, mothod acCondl G LRl Bt b HIGD 8 LeSEhRUAN! AIGhidEScL e, absence
of or variation in the interrogation'sighal for a predetermned m ni mum
time period tran@nissippsywill start; with 26 $ameAl bt HvadkratSdortdibagrdnd odrtiie one of t he
precedi ng cl aips whi ch,includes the steps. of transmtting.a.disable signal
fromthe int er’\?%gﬁg?”&’,da?aec VAR (CR ‘r?écsa?rsgéofeg%‘isgﬁﬁtl "Qafmﬁmfséqé’éta”bne of fhe
obj ecfs, and sedcivcddmancdRig)y Ycfbfeath® héaded thankiBsioN i EleflyedeEint itOsthk, only
after the object has, ceased signal transn ssion, fromresponding to any
subsequent i nt"gr“iaﬂij’é‘ﬁ‘% v _‘@lhiils‘ﬁnépedabyn?Hg°ﬁ&1m%dééé§€fﬂp e 1§t é&%l- of f tine
period. 8. A nmthog &&@%Qh&%ﬂ?ﬁi&?@ditﬁ‘ﬁ b b&lbdl MAbgesd-hge sipeASs of

na

transmtting an enable sig romthe I nten' ogator, receiving the enable

signal at at |tsasmitiche Adfer thechcadsr déi sthe dnansperdse datangint the forenelra 721 enent i n
the object to ng_l?!ne | ow J.fi. t I 7 SHbsequent

i nterrogation bgtl gnat 4%%??1%24%%:{”%%@8%%}8 r%ly g%tyi c%n{@ﬁgﬁtn“gﬁ agsw%"frtg?hod
accordi ng to daicrop8cessonidb ah vertify the atrkestrmssdofdths dbth aeivgd dlysveaifgngt | east

initially tra itted. priqr to th ssi bl e,transn ssion fr obj ect of
an i denf Zcaf i ORSRGREIY obshiekim gHHesRiPRPrRidt e Cmer aoSgn i Brcid o al so
ser ved_as i nlt e_rcfampl_ﬁassxi@_rbaﬁxs pormﬂninﬁémymgmanﬁ@mgi ﬁ@sﬁ:ﬁksi@ﬁ}byomeedb_ﬁdt he f
receding clains in ich the predetermn i ndi cator characteristics o

'Ito he i demg:J i fi cdf“i“b‘??”g%?@?‘?éﬂ'? LE‘F éa?‘?cdsé?ﬁ ﬁ“&%l?“qe‘ﬂe F%?‘h’r‘%fﬁa"“l‘}%/‘g" ‘BFcec@t erm ned
duty cycle, angeidaediige & hhgdcdi@ngivhs gadviieShd eRibrREcaRdRA tyh an i niti al
header and including a data conponent and a checksum cvrnponent, with the
transmi ssi on JRCHUBY ggndl ¥ rERTAHedh] BRENE: BRYPEREIMg ™R orkt i S588Y header)

and the interrpgatddePsiiNGe 95151@@9@%&&@@{5@&&&@@1 Rt A 10%hobr this
identification signal only if there has been no received transm ssion

i medi at el y pritaphty @s traesfereaddn phe dafa strgarh, 49d dldterming 25 soanpethsonlis@ekor di ng to
cIaimlOianj?tej,ndi tol Chat aglefl st Nér er i ncl he
transm ssi on obfU8 eﬁlea}aa'écnﬁ ?‘?ccgotc}(é% é‘?glngﬁya % SE] c%ﬁ v %’c%e@[gg# o?c(l#gﬂ@lﬁ%di fied to
conbi ne tr ansmnstico ragdpofider rsaikte i@antntlfagcous transmission. The microprocessor

monitors the clock rate of the data stream and any sudden change in the

recetved clock rate will cause an interrupt signal to be transmitted. If the data

stream passes all the above tests then the microprocessor 26 has decoded valid



3 S~~ 2002 ~27 data streamto produce a 50% duty cycle at a m ni num

oper ati onal wingwhsugit h. 12. An identification system conprisi Ng13@B99n0es3s
interrogator and a plurality of object-based responders, the interrogator
including transmtter nmeans for transmtting an interrogation signal to the
responders, receiver neans for receiving |dentiftcation signals gEBnﬂmﬂe
responders in response to the Inten'ogation signal, pracessof neans for
determ ni ng whether an identification sigﬁ§1 is individually and cor'tectly
received or not and for generating an interrupt signal in the event of a
failed transm selanePeldgoLes SRt AIANTANE, Qs I & AL Lig.[gsponders,
each responder conprisSing a recéiver Tor recelving e Interrogation

si gnal , identif iiaatdommwiigmiah ligpkéertatierpronessed fhmtier g ém eiiatinboditdaa:,

i dent ~cation signal, a trapnsm.tter r repeatedly transmtting the
identificatio E§P’§‘Hﬁ’l‘"°ﬁ%‘&’kﬂf‘}6 % %%S?I‘u?é?f%g'&?or ,"%C‘H’é‘?gé‘? &F F it ecti ng

t he presence @fi &% deRl&knWRt signal fromthe interrogator) and control

means responsive to the detector and being arranged i ndependently to tease
signal transm ssion fromthe responder if the responder conpletes

transm ssi on . I L] I -ing,gg{, k L Ml Lot er nspt
signal duri ngﬂ{scu%ﬂﬁ?érgﬁéﬁn‘{) Ifsds‘lﬁgid.cqgaﬁl An |l%f\é\ﬁt??%%%tg {}dge'rr]}%tggst lZ(;r%czlri{;:]cor ding to
claim 12 in wifi i reduered guopedicsrte snscesful br reacige dataefno thzr irknspemdesiispend
transm ssion of an ider ifg,ggtign simg,nFI sf rr%"enrtfgve T, e§.§ nderbeisf .t he
responder is {1anSIPT Y PRGACEPTAY FIIeBPTaSHs MvEAdTUSs! THbeS R iy

recei ves the whitkkadddt will boable td ouvd hbelandnyfiheaiceBf Sk hambagowdrdi ng to
either one of the preceding clains 12 to 13 mwhich the interrogator is
arranged to cOWPYHeredr ecei ving identification signals, and to continue
transmtting the interrupt signal in response to a failed transm ssion
signal, unit! no further identit-tcation signal is individually and
correctly recBigyed3f gows ei sebepattd dipckufipgreinenf a dranspon®EP4%~Otheza ensure
that al ( idengjficatiaqn._signals..h i.ndj widual |y an rdyect | y..been
received by t “!énsP ?ﬂ%té:f ?Stéla?lgrcf?det ﬁe&{(z?crlrelﬂgieg%tgd% %“é%!rxgmg‘%ﬁ?esg'sti%}s(m? ang as a
maxi mum r and oembattiméntttiaraxpasieodats comispdfis0diwfandaycading 106it héxder. esponder s.
15. An identifjcation system accor di 0 _any on | ai r 14 in
whi ch the int %"’r g@‘ét%‘?m%ﬁ’o’éég%fﬂ%[kgﬂgq §“°1“l?¥’f’ té‘ﬁ %&%%ﬁgpéaggﬁer ate
enabl e and di §aRbe ShPhRb belusdd. resPRefciabl proganiMddnghoanie tohspaiderng t he
responders, and each of the responders include first nmenmory neans for
storing i dent ISF3RPHES ¢ thraplicctab o REERENOSF FRERERIRE 4h §edemsdnyY get by a

di sabl e si gﬂabroﬁr%‘m&m@ﬂ i3 1hd) Qirk @ SRAREEHInE LAY SIRARGNG SBviasy
subsequent interrogation signal fromthe interrogator for a m ni num

predet er mi nedrewereanseptbtd BreFly caftacdPip tonkm g Rregrdeeniag gadl 3% FAndAi ssi on,
and to be resg‘tmsbgm%ndﬁgabl e signal for allowi ng the responder to respond

i mredi ately to BRIt er rogation signal. 16. A responder for an
identification systemof the type conprising an interrogator and a

plurality of responders, ch respander conprisi recei ver f.or receiving
an interrogat il‘gﬁg‘gfﬁﬁa’ﬁ Ccﬁ@f%f“%%’?? ﬁﬁc_s‘ngfl& tgc?%ﬁ nggel HEHYYF'T Eat i on
data) an osci Wirdldfole shrérRdl Aol pafcR bneiid iy scbdmdal Atredoifdgbdrcki cati on
signal fromthe identification data and the oscillator, and a ,transmtter
for repeat edl (RI)maodide 36 reatliasiike sodlspted encaayt angiehaiggnan enseenetars in ke

i nterrogator) .t he res. 4eC |.Sik: t gi.ecting the
presence of aﬁorﬁn?égﬁgﬁlﬂg{ é]?’l::ﬁ tp?%n% ﬂ@g&;{cﬁa{uggﬁgga o%gttgclg é‘%‘g poceasi ng nmeans
arranged i ndependent |4 stnall tetise @hghwl bd ned gni eweo the wanspedver.r ddgonder i f
the responder conpletes transm ssion, of . the ideptificatio i w f hou~
recei ving an tqeért{)‘hbf*mg? Lt ?}(’)cnﬁcf‘%cé' tihﬁtsté?r}ggbg‘tcoef’ RS gc@lafg#:a‘(:

t ransni ssi on, gﬁﬁltir §ic@BRLctsdERRY| dTHE RFGAGRId R4 ds \beet Oltddagratedtiont or and

bei ng arranged tenporarily tg suspend transm ssion _of an i,dent*' fication
si gns! from t hethe form of 2 zéner diode-type component 57A to limit the operating voltage



3 SEP ~~v2 -29 responder if the responder is transmtting its
identification signal at the time it receives the interrupt signal. 17. A
responder ac¥8Pd*5to claim 1~ In which the signal suspendi ngcTRzE8/0663¢

t he signal ceasing neans are incorporated in control logic circuitry, the
responder further including a randomtinmer connected to the contgoggpqmnf
circuitry for enabling identification signals to be repeatedly
re-transmtted at varying randomtine intef¥als fromthe responder until
such time as it has conpleted the successful transm ssion of an
identification signal wthout being interrupted by an interrupt signal. 18.
A responder addendintgarsponder Felosgaethsreaden; Wacn e srergisingsfickis typedides
second nenory (A0)Y) j ) i venting

t he responder ,OHE%P?/mg%p{Og?&te%g%?ggﬁ eurp ' ﬁa@os‘gg}gg’gg?g%%?% &géfg%(fessi on,
from r espondi gt stablariock shymelifefor thertranspardart dionityi ig e rafhger ofe ki nitorum
predeterm ned {ti erind. 19 A responder according to claim18 in which

t he second neﬁ%#gﬁhggﬁgﬂVéoigFanged to be reset by an enable signal for

al l owi ng the responder to respond to the sane or a subsequent interrogation

signal after the responder. has ceased signal transm ssion._ 20. A responder
according to &t egerol wait 64 aivides the clack By cightspnedn Piowlesdramriclaghor y means

compri ses a T eiat 6. ' HaARAITelRed & B SaRbe: 5 OB RN ArafBAR e MOl ©
responsive botimtv the register and to the signal ceasing neans far

al | owi ng t he respomgespetdsr clatapifed le bithso ttha freme sidckrocerrs gHery fdnelptlat i on
signal prior to being. disable 1. respaonder cordin 0. any .,one of
claims 16 to f@c\%%g‘lfﬂ?? earfbl )F%f ftreLater ﬁgeaénsc?cg?&eﬂ ngg%% lSfL%‘Lr"aé{écéri vi ng
encoded ' i dentdiddkGatah@bm diRlag time? BEMh2 @fdlom ddayoimérheniistent bipkdudaf i on~ dat a
and the oscil (~tot, fot feceipt a% gerﬁg nodul at%, d the trangm’_‘tter and
recei ver conpriRem MUmhes #ReRipPd Rf o SURET fldul@® PEPH&Ps 8 hig

backscattet mgukatiion hdcsRERISE alvibydodded WRRMROALHR t&b@Bahat thoe
Manchest er encoder being responsive to an output enable signal signifying

conpl eti on of tanepandanwiti shyaym tighsmihgs daarie itha bid ifemesafigh apwerep s@n

i nterrogator for an i.dentif..catli : CARIdegl Ngpan

i nt errogat or atﬁe& ’glbllﬁ(raa F{“?/ %&’S%dge%?{eg{%ggc%gglg%%g:bres@%wgﬁi n?grrogat or

i ncl udi ng tr anaobiet @0 cowandofvonnd mérs itiredcheg0 drgenerbtes A dgpcr signali hal to t he
responders, regeiver nean or receivi | dentificatipn sj |s fromthe
responders in lr}écs‘ﬁ‘éﬁ%re“%F#u&mﬁs?ﬁ Fpﬁﬁg‘?fﬁﬁ"@igﬁﬂﬂi‘t,‘“ #fﬁpscﬁlcgﬁgcc%%“ér neans
for _SUbSt ant i af!ah&'olﬁwmlﬁﬂﬁ?suﬁlcﬁ ldﬁ{e@riﬁionﬂxeg:oﬁme: 7T0dé tinthuee A& corr ect
recei pt of an identification signal; signal generator means responsive to

the first pr ocesdam deley Reriedbr generating substantially contenporaneously an
interrupt signal in the event of any identification signal not being

I ndi vidually and correctly received fromany one or nore responders, and
tar causi ng t hEhe wiggerigral 32 gaakauses thetranspprder torstaft wapsmissioa 9f ity defai ckly to
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backscatter from the antenna with Manchester encaded transponder data. On

the next frame clock signal 64 the transmission of the data is terminated and the
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transponder successfully transmits its data. Thus, when the transponder does
successfully transmit its data and the set EAS register is set, then an EAS
memory module 92 is set and so the transponder is placed in EAS mode. The
FAS memory module 92 keeps its state even if power is removed from the
transponder. If the EAS memory 92 is set then the transponder is disabled from
transmitting its data. A set EAS interrupt signal has to be received by the
transponder prior to the transponder transmitting its identification signal for the
first time so that the set EAS register can be set prior to the first transmission,
thereby ensuring that, in the event of only one transponder being located in the
footprint of the interrogator, the identification signal from this transponder is
picked up. More particularly, should the identification signal from a single
transponder be successfully transmitted without generating an interrupt signal,
the set EAS register would not be activated. As a result a “dummy” interrupt
signal is initially sent to cnsure that the set EAS register is activated regardless,

as is shown by interrupt signal 88A in Figure 4.

The EAS memory module 92 is a medium term memory element with a typical
time constant of several hours, which operates to block any backscatter
modulation transmissions as long as the memory is set. This memory element
has lcakage and will reset after its charge has leaked away, which is typically
from four to eight hours, depending on ambient temperature. This operation
functions whether or not the transponder has power from its presence in an
energising field. If an EAS clear signal 90 is recetved during the first two
frames after power up, then the contents of the EAS memory module 92 is
cleared whether it is set or not and so the transponder is re-enabled to transmit

its data again.

Figure 4 shows signal waveform interaction between the reader 10 and the

ransponders 14 to 18. Waveforms 10A, 10B and 10C show the energising



U& ()-ss-f10% U& () - ebCL10% ULS109BE () - 109B& () '0Y10%3&' ()-3 10G 10G
10Gy10%38 (wo Sk ()-: *dYNCL10% U 10B 10B

10BS1098B& () - 1098&' () - 109B& ()- @ 109B&' () - $109B& () - yaBYNCL 1o/ GB99/00636
109 & ()- 109%} & () - &L0%} & () -

y#' 10%4| & ()-3! >y#' 10% =r =& () - 3S10%}| & () - Z+HdEYNCL10% Uy FL0%!| & ocb ypy
S10%4| & ()-y10%| & ()-yS10%| & () -y, | 10%;1|£s - @0%| & () - LNddEYNGE 0%
U2- 109 & () -2 - 10%H & () - +109%4] & () - (- LOVA[ & () - y$10%4| & () -y10%4| & () -
dbCL10% Wr109B&' ()- #, 1098& ()-3 109B& ()- @OYB& ()- 104| 104|

ig%ﬁ?lg"/@‘gﬂ glgg}g éfqﬁggg?é{}g@& @&&?ff& ntls%goé?&via)/cr%ﬁ LOXBE 1) e
scenario when “‘normal mtcrrupt sxanals are used, waveform 10B 1s for the
scenario when “set EAS interrupt” signals are used and waveform 10C 1s for
thc sccnario when an “EAS clear” signal is initially sent to clear thc EAS
mecmory modules 92, followed by “normal interrupt” signals. Waveforms 14A,
I6A, 18A and 20A are the Manchester encoder 78 outputs i.e. the modulation

of the antennae 52 of the respective transponders 14, 16, 18 and 20.

At time tg the reader 10 turns on the energising field 12. The transponders are
powered up and perform a reset. At time t, typically 4 ins, the reader sends an
initial iuterrupt signal prior to the transponder’s first transmission. For
waveform 10A a normal interrupt signal 86A is sent which has no effect on the
transponders. For waveform 10B a “set EAS” signal 88A is sent which causes
the set EAS signal 88 in the transponders to be pulsed and the set EAS register
in the control logic 62 to be set. For waveform 10C an “EAS clear” signal 90A
is sent which causes the EAS clear signal 90 in the transponders to be pulsed
and the control logic 62 o clear the EAS memory 92, thus allowing the

transponders to transmit data again,

AL lime Ly, typically 16 s, all the vansponders have waited two frames after
power up and they start transmitting their respective data. The random delay
limers 66 1n the transponders are seeded with new random delays. The reader
10 receives the backscatter modulation 14B to 20B from the transponders and
attempts to rebuild the Manchester data. As there is more than one transponder
14 to 20 transmitting, the microprocessor 26 will detect an error in the
reconstructed Manchester data and so at time t3 sends an interrupt signal by
modulating the energising field. The transponders’: pulse detectors 84 detect
the pulse/s on the energising field and pulse the relevant signal. in the case of

waveform 10A and 10C the normal interrupt signal 86 is pulsed and in the case
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of waveform 10B, the “sct CAS” signal 88 is pulsed. The control logic 62

immediately disables the output of the Manchester encoder 78 and so data
transmission from the transponders ceases. The transponders then wait their

respective delay times.

At time ta the random delay timer 66 of transponder. 14 generates the trigger
signal 72 which causes transponder 14 to start transmitting its data 94. The
reader 10 receives the backscatter modulation 94 and attempts to rebuild the
Manchester data. The microprocessor 26 decodes the Manchester data while
checking it for errors. As there is only a single transponder transmitting, the
data will contain no errors and so the microprocessor does not send an interrupt
signal. Once transponder 14 has finished transrnittinlg its data and no pulses
were received by the transponder, the control logic 62 of transponder 14 places
transponder 14 into a passive state and it ceases any further transmissions for
the duration of the interrogation signal. The microprocessor 26 sends the
successfully received transponder data to the computer 21 via the

communication link 46.

At time ts the random dclay timer 66 of transpondcr 18 genecrates a trigger
signal 72 which causcs transponder 18 to start transmitting its data 96. The
reader 10 reccives the backscatter modulation and attempts to rebuild the
Manchester data. The microprocessor 26 decodes the Manchester data, whilst
cheeking it for errors. At time 1, the random delay timer 66 of wansponder 20
also generates a trigger signal 72 which causes transponder 20 also to start
transmitting its data 98. The microprocessor 26 detects an error in the
reconstructed Manchester data and so at time 17 sends interrupt signals 86 or 88
by modulating the energising field. The transponders’ipulse detectors 84 detect
the pulscs on (he energising field and the relevant interrupt signal 86 or 88 1is

pulsed. The control logic units 62 of transponders 18 and 20 immediately
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disable the output of the Manchester encoder 78 of the transponders 18 and 20
and so data transmission from the transponders 18 and fZO ceases. Transponders
18 and 20 then wait their respective delay times determined by their reset

random delay timers 66.

At times 3, to and t;o, transponders 16, 20 and 18 respectively transmit their
respective data 100, 102 and 104 without interruption and so are successfully
received by the rcader 10 and sent to the computer 21. Transponders 16, 18 and
20 are placed into a passive state and cease further transmissions. Once the
receiver 36 has not received any further transmissions for a period equal to the
longest random delay timer of the transponders (in tﬂis casc 2 seconds) it
indicates to the computer 21 that all ransponders are read and shuts down the

energising field 12.

Referring now to Figure 6, a self-explanatory flowchart indicating the operation
of a control logic unit 62 is shown. In particular, the flowchart is illustrative of

the manner in which the various EAS modes operate.

or modelling purposes, for transponders with a 10 kHz clock rate, and a 128
transraission frame time maximum random period, for 400 transponders to bc
read, more than 30000 clashes (or interrupts) would occur in reading the

transponders.

Should a reader be in the process of radiating an energising field and for some
reason does not want to accept further identities, say while waiting for the
computer backlog to clear, the reader can generate interrupt signals at a period
less than the ressage transmission time for the fastest allowable transponder
clock and thereby prevent the transponders not already in passive mode from

going into passive modc until the blockage has been cleared
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The above embodiment is suited to applications where a nwnber of
transponders are placed with in the reading range of a reader, the energising
field is turncd on, the transponders arc read and the energising field is turned
off again. In situations where a reader is mounted, say, on a door tramc for
access control or above a conveyor belt, the energising field would be
permanently on and the transponders would be moved into the energising field,
they would powcr up, transmit their data and then move out of the energising
field again. In these situations the reader would continuously transmit interrupt
signals at an interval less than the message transmission time for the fastest
allowable transponder clock, typically 5 ms. The reader stops sending interrupt
pulses only when it starts to receive uncorrupted transmission data from a
particular transponder and continues to suspend transmission of such interrupt
pulscs for as long the data remains uncorrupted until the transponder
successfully finishes its transmission. Thereafter, it continues to send interrupt
signals at Sms intervals until it starts to receive uncorrupted transmission data
from another transponder. In this manner transponders can be moved passed a
permanently powered reader, which will be able to read them and still be able
to process multiple transponders. Also. since the transponder only transmits
after a period of 2 frames (typically 16 ms) then the transponder would receive
at least two interrupts of thc “sct EAS interrupt” type, if EAS mode is required,
prior to its first transmission, thus fulfilling the requirement for the enabling of

EAS.
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CLAIMS;

1. A method of identifying objects by an interrogator, comprising the steps
of;

transmitting an interrogation signal from the interrogator to the

objects;

transmitting from each object to the interrogator an identification
signal having predetermined indicator characteristics in

response to the interrogation signal;

receiving the identification signals from the objecis at the
interrogator and substantially cantemporaneously determining at
the reader whether any identification signat has been
individually and correctly received or not on the basis of the

indicator characteristics;

substantially contemporaneously ftransmitting from the
interrogator a common re-transmit or interrupt signal in the
event of the interrogator detecting a corrupted transmission
state arising from any identification signél not being individually

and correctly received; and

independently ceasing signal transmission from an object if that
object successfully completes its signal transmission without
receiving an interrupt signat from the interrogator during such

transmission.

2. A method according to claim 1 which includes the step of temporarily

suspending signal transmission from an object if that object is
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transmitting its identification signal at the time it receives the interrupt

signal from the interrogator.

A method according to either claim 1 or claim 2 which comprises the
further steps of continuing so to receive all identification signals at the
interrogator, and to generate the interrupt signals in response to a
corrupted transmission state, until no further identification signal is
individually and comectly received for a lime period sufficient to ensure
that all identification signals from aobjects have been individually and
correctly received by the interrogator, the time period being at least as
long as a maximum random inter-transmission delay time period of any

one of the ohjects.

A method according to either claim 1 or claim 2 which comprises the
steps’ in an alternative mode of operation of centinuously transmitting
the interrogation signal and transmitting the interrupt signals at a time
interval which defaults to less than the average transmission time of a
valid identification signal in the absence of the receipt of an

identification signal at the interrogator.

A method according to any one of claims 1 to 4 which includes the step
of transmitting at random time intervals an identification signal from
each object which has not ceased its signal transmission and allowing
each object which has ceased its transmission to recommence

transmission in response o a reset eveni.

A method according to claim 5 in which the reset event includes the
absence of or variation in the interrogation signal for a predetermined

minimum time period
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7. A method according to any one of the preceding claims which includes
the steps of transmitting a disable signal from the interrogator, receiving
the disable signal at at least one of the objects, and setting a memory
element in the object preventing it, only after the objact has ceased
signal transmission, from responding to any subsequent interrogation

signal for a minimum predetermined stand-off tirne period.

8. A methad according to chaim 7 which includes the steps of transmitting
an enable signal from the Intermogator, receiving the enable signal at at
least one of the objects, and resetting the memary element in the object
to enable the object and allow i to respond to a subsequent

interrogation signal in the manner described in claim 1.

8. A method according to claim 8 in which the enable and disable signals
are at least initially transmitted prior to the possible transmission from
any object of an idenfification signal, and in which the enable and

disable signals also serve as inferrupt signals,

10. A method according to any one of the preceding claims in which the
predetermined indicator characteristics of the identification signals are
identical in form and have a predetermined duty cycle, and include a
fixed length data stream preceded by an initial header and including a
data component and a checksum component, with the transmission of
a signal from an object commencing with the same header, and the
interrogator being arranged to accept the start of an identification signal
only if there has been no received transmission itnmediately prior to the

receipt of such header.,

11. A method according to claim 10 in which the irdicator characteristics
further include the transmission of the identification signal in a

Manchester form modified to combine transmission clock rate and the
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data stream to produce a 50% duty cycle at a minimum operational
bandwidth.

12.  An identification system comprising an interrogator and a plurality of
object-based responders, the interrogator including transmitter means
for transmitting an interrogation signal to the responders, receiver
means for receiving ldentification signals from the responders in
response to the interrogation signal, processor means for determining
whather an identification signal is individually and comrectly received or
not and for generating an interrupt signal in the event of a failed
transmission being received from any one or more of the responders,
each responder comprising a receiver for receiving the interrogation
signal, identification signal gdenerator means for generating the
identification signal, a transmitter for repeatedly transmitting the
identification signal back to the interrogator, a detector for detecting the
presence of an interrupt signal from the interrogator, and control means
responsive to the detector and being arranged independently to cease
signal transmission from the responder if the responder completes
transmission of the identification signal without receiving an interrupt
signal during such transmission.

13.  An identification system according to daim 12 in which the control
means is arranged temporarily to suspend transmission of an
identification signal from the responder if the responder is transmitting

its identification signal at the time it receives the interrupt signal.

14 An identification system according to either one of the preceding claims
12 to 13 in which the interrogatar is arranged to continue receiving
identification signals, and to confinue transmitting the interrupt signal in
response to a failed transmission signal, until no further identification

signal is individually and correctly received far a time periad sufficient to
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ensure that all identification signals have individually and correctly been
received by the interrogator, the time period being at least as long as a
maximum random inter-transmission time period of any one of the

responders.

15.  An identification system according to any one of claims 12 or 14 in
which the interrogator pracessor means is further arranged to generate
enable and disable signals for respectively enabling and disabling the
responders, and each of the responders include first memory means for
storing identification data, second memory means arranged to be set by
a disable signal for preventing the responder from responding to any
subsequent interrogation signal from the interrogator for a minimum
predetermined time period, only after it has ceased signal transmission,
and o be reset by an enable signal for allowing the responder to

respond immediately to an interrogation signal.

16. A responder for an identification system of the type comprising an
interrogator and a plurality of respanders, each rasponder comprising a
receiver for receiving an interrogation signal, first memory means for
storing identification data, an oscillator, a modulator for deriving a
modulated identification signal from the identification data and the
oscillator, and a transmitter for repeatedly transmitting the identification
signal back to the interrogator, the responder further comprising a
detector for detecting the presence of an interrupt signal from the
interrogator, signal ceasing means arranged independently to cease
signal transmission from the responder if the responder completes
transmission of the identification signal without receiving an interrupt
signal from the interrogator during such transmission, and signai
suspending means responsive to the detector and being arranged

temporarily to suspend transmission of an identification signal fram the
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respander if the responder is transmitting its identification signal at the

time it receives the interrupt signat.

17. A responder according to claim 16 in which the signal suspending
means and the signal ceasing means are incorporated in control logic
cireuitry, the respander further including a random timer connected to
the control logic circuitry for enabling idenlification signals ta be
repeatedly re-transmitted at varying random time intervals from the
responder until such time as it has completed the successful
transmission of an identification signal without being interrupted by an

interrupt signal.

18. A responder according o either one of claims 16 or 17 which includes
second memory means amanged to be set by a disable signal for
preventing the responder, only after the responder has ceased signal
transmission, from responding to any subsequent interrogation signal

for a minimum predetermined time period.

19. A responder according to claim 18 in which the second memory means
is arranged to be reset by an enable signal for allowing the responder
to respond to the same or a subsequent interrogation signal after the

responder has ceased signal transmission.

20. A responder according to either one of claims 18 or 19 in which the
second memory means comprises a register responsive to disable
signals and a memory module respansive bothito the register and to
the signal ceasing means for allowing the responder to complete the

lransmission of an identification signal prior to being disabled.

21. A responder according to any one of claims 16 to 20 which further

includes a Manchester encoder for deriving encoded identification data
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from the identification data and the oscillator, for receipt at the
modulator, and the transmilter and receiver comprise an antenna
coupled to an RF module for performing backscatter modulation in
response to an interrogation signal, the Manchester encoder being

responsive to an output enable signal signifying completion of the
transmission of the identification signal.

22.  An interrogator for an identification system of the type comprising an
interrogator and a plurality of object-based respondars, the interrogator
including transmitter means for transmitting an interrogation signal to
the responders, receiver means for receiving identification signals from
the responders in response {o the interrogation signal, first processor
mean§ for substantially contemporaneously detérmining the individual
and cormrect receipt of an identification signal, signal generator means
responsive to the first processor means for generafing substantially
contemporaneously an interrupt signal in the event of any identification
signal not being Individually and correctly received from any one or
more responders, and for causing the interrijpt signal to be transmitted
sufficiently quickly to suspend signal transmission from any such
responder whilst it was not individually and correctly transmitting its
identification signal.

23.  Aninterrogator according to claim 22 in which the first processor means
is arranged to continue receiving and processing all identification
signals, and the signal generator means is!, arranged to continue
generating interrupt signals, untit no furtherl identification signal is
individually and correctly received, for a time period sufficient to ensure
that afl identification signals from objects have been individually and

correctly received.
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24, An intemogator according to claim 22 in which the transmitter is
arranged in an altemative mode of operation to transmit the
interrogation signal continuously, and the signal generator means is
arranged to transmit the intequpt signal at a time period which defauits
to less than the average receipt time of a valid identification signal in

the absence of the receipt of an identification signal at the interrogator.

25.  Aninterrogator according ta any one of the preceding claims 22 to 24 in
which the signal generator means is arranged to generate enable and
disable signals for transmissipn via the transmitter, the disable signat
being arranged to set memory elements in the objects preventing them,
only once they have ceased signal transmission, from responding to
any subsequent interrogation signal for a minimum predetermined
stand-off time periad, and the enable signal being arranged to reset the
memory elements to allow the objects to respond to a subsequent

interrogation signal.

26, An inferrogator according to any one of claims 22 to 25 in which the
receiver includes a receiving antenna and a quadrature receiver, the
first processor means includes a signal processor for processing
baseband caomponents of the identification signal derived from the
quadrature receiver into a recansfructed Manchester data signal, and
an emor checking microprocessor for decoding and error checking the
Manchester signal at least on the basis of duty cycle, clock rate, data

stream length and checksum calculation.



