WO 01/52213 PCTI US01/ 00718 -1 ENCODI NG DECODI NG SYSTEM FOR COHERENT

SI GNAL | NTERFERENCE REDUCTI ON  TECHNI CAL FI ELD The present invention

rel ates, WO W&ERHRal, to systems transmitting/receiving 5 BEVHSHAY18npre
specifically, to a system and net hod for encodi ng/ decodi ng of data to
reduce coherent signal interference. BACKGROUND OF THE | NVENTI ON Use of
radi o frequency as a data comrunications link in
interrogation/identification (1/1) systens is well known. U S. Patent No.
5,491,482 i o describes cogatODIREIBECSISNASYRSRK/ ¢oadi t cards, enpl oyee
identification (1D badges, coded tags and the [i1ke, that may be read
on-the-fly from sonme GQJEERENYSIN AL INTRRFERENCE REPEEIION / R). Portions
of the description of the I/l systemin the patent are included bel ow
Referring to FIG 1, there is shown I/l system 10 including one or nore I/R
is units 12, one or nore badges TECHNHPALIHIFED ransmt and receive
antennas 18 and 19, and a central corrputer 22. /R units 12 operate at a
suitabl e radi o frequengis@t ilNeafioNaM tes, lheéqﬁﬁapwo(s§st&ns ShrsMiitn ecév&gGHZ)
and transmt m crowave §rad|o frequency) beans 16. Badges 14

uni quél y dajeprd, fpornersgeaiiicalbl, teapl syaesyl metkod ﬁlr@mn(ahngl/dpmdmge@f cmdto are

i nt errogat ect| veEelfJ%ams 16 transmtted fromdirectional antennas

18 of I/Rregﬁ)C %oh%gen ?gﬂ%lslfl He§€at selected locations. Each I/R unit 12

has a receiving antenna 19 WhICh i S closel}g simlar to transmtting

antenna 18. I/R units 12 2BACESGHHAUNIYOF THEINMENTIQN cables 20 to a
deskt op conputer 22. In the course of being |nterrogat ed via mcrowave
beam 16 from |/ R unVse aradip Heghgacoas béa@@@mm@moys bhedn roni cal |y by

reflectin eam 16 | Vi 19 of

| /R unit i%?rro%gﬂ%g%g@ﬁia&mﬁ{@ WRrCgher ' gﬂ’ﬁf”lnf r?ﬁeéllt \&}g’s r%?ela or dance
W t h jhhei dest@tsaReotiéd/ 6bjkcts OdRH as dRfk Elc@RICHRRI QﬁFio‘g{leéidéhﬁficdthQW es,Fach
badge may be coded with any one of over 60 bilfion ferent nunbérs. By

way of exenepd &agsfand gheokikes ghatinhdyebersad l@adgeﬁyfmmmymatfeem raway ibysnbe
|| ?Eelrj:uogai%l g{O%ra]% gfd%(%fSBé%%ge%ﬂ@é%f%& dfetﬁg f/tI Isycf)srtlgqu the ga%es %?et e

included below.

Referring to FIG 1, there is shown I/I system 10 including one or more I/R

15 units 12, one or more badges 14, respective transmit and receive antennas 18 and 19, and
a central computer 22. I/R units 12 operate at a suitable radio frequency or microwave
frequency (e.g. 915 MHz or 5.8 GHz) and transmit microwave (radio frequency) beams
16. Badges 14 (which uniquely identify individual employees) are internally powered and
are interrogated by respective beams 16 transmitted from directional antennas 18 of I/R

20 units 12 positioned at selected locations. Each I/R unit 12 has a receiving antenna 19
which 1s closely similar to transmitting antenna 18. I/R units 12 are connected via
respective cables 20 to a desktop computer 22. In the course of being interrogated via
microwave beam 16 from I/R unit 12, a badge or badges 14 reply electronically by
reflecting a portion of the same beam 16 back to receiving antenna 19 of I/R unit 12.

25 Badges 14 thus uniquely identify themselves in accordance with their respectively coded

and electronically stored ID numbers.

Each badge may be coded with any one of over 60 billion different
numbers. By way of example, five or so different badges 14 may at one time be

interrogated and identified (when in range of detection) by a respective I/R unit 12 in less



-2 than 20 mlliseconds. As soon as badge 14 has been identified, its
electronic circuit is put into an inactive or "power down" state, so that
badge 14 Wse@/5a2i3 continue to respond to |/Runit 12 for BETIUSHO0ZES t hat
badge (once it has been identified) remains within range of the respective
beam 16. Once badge 14 is noved out of.xange of beam 16, the electronic 5
circuit of badge 14 automatically returns to a quiescent state draw ng
negligible current fromits internal power source. But even in quiescent
state, b - G [ b VL YeSO T i ns
bie to arnar RSl rG §oh ot BRtle | FARMNCE Yl fy et PRUBCS WL 5y
way of exanpireinatine @oipeweddownt ytaed, sbemnbidgd Maetsaioeyntinue tb tespbndio

transrn't'izlj/]igﬁ1 antenna 18 of |/R unit 12 is only about 0.3 mWcnR, which is
one 10 t njthle fopgefonges that badas (amce idhas heet identifigth demains wehipsApge of

density of, ?@s@@&tm % m ¥ o 9&3‘3&&@14% §%uldr ﬁaﬁgépg?éa%?tﬂﬁ,a{h%%lécﬂ\éﬁlrc

. A
typi cal badge i ncludes a badge-integrated-circul an antenna, and a
very thi nciladttedrpdgd b€ estomatieallynmtdrns tons ghiadcedt $Phie ldeawilg nEpkgiBleCuriyit be
entirely _inplenmented in conplenentary netal oxide sem conductor (CMOXS)
t echnol ogifomdss igternal ppwgr eouree. c Rppeverta apiepeauhaials. Spdgenkt bascydligient dppuy
slightly r I r I
bat tory iy perhs) R Rk FEIAE TP o ok O B kot o ObrgBRTRAEr by

rating ofleelyof banand. Bycapact éxangfle, X8e Fbwhr denfitg o8¥EMAI6 ifkdedindly 6 ai n of
the BICis less then 1 mcroanpere, and the service |ife of the battery is
ef f ect | velr9ntiof grangmisting ppteany & of IRt 12yl gnly dhouhBr3enW /oo’ Rehishns ARE-now t o

FIG 2, t ' h [ i £ ti [ ' / S 10.
Thi s Dyst mriine EySL@YBy BeBhlId P AR, ahe PoRet AFRL arberg o e
18, receilvtapnasitbaogal14d s, suBbentdlly l8weenna 32 and battery 34. Beam 16 is
received by antenna 32 and a RF voltage is applied as an input signal to

term nal 42 of BIC 3Qypidh el Patt; 4.4 nggjed to
| ead 48 which is coup B '?) gdgé)?ﬁdr(#éne%}b% 1@{?}:'6682%51@%1%15(%%?3%1%1% énet&?{eér’ ?nﬁ(?lal of

battery 34vdryg teinrhatgetyeplaced dneasindl), inkilathd PS toomugh| dtie BIG may bé emténiye

term nal . F) shown couypl ed to groun otentjal. ircuitry of the BIC
i ncl udes %@E@%‘?‘B‘?&%‘WGH&&HWE@Y btpgélko’gg‘? E%“?%%‘E‘PY%ESY% tﬁFIHEliO%'Z as g

cont gl / 1| QgI€IC cﬁgst. ar R ihe &N tHAb e8P bal %;iigh%l gféﬁte?‘lhanatﬂé ek abpr S6.

I ncom ng coded signals (described in detal Pat ent No. 5,491, 482)

30 on bedhe bétteaay e Ivetezamnpld, trecbatteryoniay bt edithinmbbaseky b ingvhititibkress af ways

turned on, Other . portions.of BIC 30, when in range of beam 16, are

t ur ned qub_ou\/ﬁﬁulaf) 8, 13tpg of 3 voEs anc? a capac?ty ort]% mfg-hr. € average current drgin
of the BIC is less then 1 microampere, and the service life of the battery is effectively its

shelf life (e.g., four years or more).

20 Referring now to FIG. 2, there is shown a simplified schematic diagram of
I/I system 10. This system includes I/R unit 12 with its beam 16, transmission antenna
18, receiving antenna 19, BIC 30, antenna 32 and battery 34. Beam 16 is received by
antenna 32 and a RF voltage is applied as an input signal to terminal 42 of BIC 30. The
positive terminal of battery 34 is connected to lead 48 which is coupled to a terminal

25 +VDD and the negative terminal of battery 34 is connected to lead 49 which is coupled
to a reference terminal (REF) shown coupled to ground potential. The circuitry of the
BIC includes detector/demodulator block 50, a reset/wake-up block 52, a control/logic,

data memory and data registers block 54, and modulator 56.

Incoming coded signals (described in detail in U.S. Patent No. 5,491,482)
3  on beam 16 are detected and demodulated in block 50, which is always turned on. Other

portions of BIC 30, when not in range of beam 16, are turned off. When a "reset"



WO 01/52213 PCTI US01/00718 -3 instruction fromlI/Runit 12 is detected and
denodul ated by bl ock 50, block 50 applies a "reset" data word via path 60
to reset/ We&MES3M3bl ock 52, which in turn applies a power- 86TRISgHA71S/| a
path 62 to the control/logic, data nmenory and data registers block 54. Bit
data and clock signals fromblock 50 ar®- applied, via paths 64 and 66, to
block 54 in 5 response to the instructions and coded words bei ng received
by BIC 30 fromI/Runit 12. By way of exanple, an identifying nunber for
an enpl oy@eri@iot ol ' | § of
Ssix 6-bit words st(g?ég{ }ﬂ%@é?§§%%$€%@§%%dé§g&??ggﬁtﬁ |dj ie CE Sb%?)P L?%%ngh F)
in bl ock Basett dB: @@ vidTpath deno lrésyt/Wlake}uﬁﬂi}duktSL iwhiddein, tutnl ﬂ)plmshpﬂ)ﬁ/er—

|nterrogat es each bag%g itEV\/ord V'\mcfa'éapBl C 30, b% peration of 10 its
nodul at or Ile ViggPatl 04 13 the,cqpgrol Jueery ang @alﬁ‘?ﬁl’éteff?l%&k AppPBpri ate
i nterval sgata MRt &1 [ k. t | terative
procedure is des&:)?lip%ggﬁs %nhgﬁ?g?@mk@ﬁéiédpgi?g}a ![t}fs@dadg Qf(f) R@%ﬂ 5‘?‘hﬂé I/ R

uni t trarresponse toothe hesttuegensaindacalad wabdebding egreney by BIC Fafroof [/Rivagri2. bits
of instruction and data words, and receives responses fromeach tag. Each
of the tags 15 haSBy:Iwraglld)IfTeka/mfﬂ@r a@td@hng@? g AsmBérdok ah eRiplcvee 2whi@d i fyi ng

code nunber. The circuitry of each tag ects and denodul’ates the incom ng
bit stredfiguwin hadee 4 agsigned anim tge e ofsix 6ehivwlordsrrdoreil i sig r8¢mMERY S

ci rou try Raey e g AT L LB R b 1c 85T e Rt b eiEna st a-

wor ds  ofnuinkter bi/R thlitrE}Ziﬂiteiﬂ%afe@reaélﬁﬁil%GQMr\Qoﬁ)ﬂﬁ@Bﬁi | B1¢ 90 BieopdriRidined  at
selected times such that 20 the code nunber of "a tag i's uniquely i1dentified

and tlhat IESaEQO%Hlaiﬁéb%rﬁé Wigrigath 6dnthem repdice & Hmawlszttappmmlatd Rteymals, when
dent bef
;Sgelnt |e1? i ;J l?ga%%‘ral\sﬁfh stcé%p?%% a}é%e}g ﬁﬂ%ﬁ@ yl}l’fﬁelﬁfgggvebPrtoc Wr‘éésr#eﬁ&ul?%g’f‘r uction

and dat a depsidia UG, Paht Jd 524d1,4929s  present to determine the presence of
at least one tag. A next step is sequentially sorting 25 through aII

possi bl e combi nati of\& PR W& I f in
each and all tags. A nexut ﬁst'%%%mlﬂg t(% g% tF%S%tra]a §u§tﬁbl‘3 fr ?@gﬁg %‘A%ten l&grgn
transm t thed ofimobtsictoednd darn corad, aaacrlaceamd r&iﬂonﬁ@gfﬁorﬁléﬁlc}r @g P dEudh g tHEYtagshe
tag when a match is found. A next step. is determning that at | east one

tag Has gt EREEUYifoR Star 12 s <i115§31§‘t“ér %l%ﬁdfﬁng easle skt Theciguitry of
transmt téaﬂgtdg%iéc%bcédd%n?&ﬂla‘g@sttﬂe‘é)%r\?\oﬂﬁré%&t GRE. +%?n EI% 176’1? u&ut gé]d gﬁlﬁlle ates

possi bl e 30 conbi nations of I'n a ave
r espondedlock dndgtming ejgnial slaved to the bit stream, thereby framing the i 1ncom1ng digital

words. The circuitry has logic for responding internally to the instruction and data words
of the bit stream and for responding externally to the I/R unit at selected times such that
20  the code number of a tag is uniquely identified and that tag alone among many

communicates solely with the I/R unit when so identified.

Several steps are necessary before a tag is uniquely identified. A first step
includes transmitting a bit stream of instruction and data words to each and all tags
present to determine the presence of at least one tag. A next step is sequentially sorting

25 through all possible combinations of values of the plurality of coded words stored in each
and all tags. A next step is tabulating the matches found between transmitted and stored
words of each and all tags and responding by the tag when a match is found. A next step
is determining that at least one tag has matches with all of its stored words; and a next
step is transmitting instruction and data words to the tags to sort out all possible

3  combinations of matched words in all of the tags which have responded. A last step is

responding by the tags one-by-one when each is uniquely identified.



respondi ng by the tags one-by-one when each is uniquely identified. WO
01/52213 PCT/USOL/ 00718 -4 The tag described in U S. Patent 5,491, 482

i ndependemd 81/53243er at es an internal clock signal that beaP€T/h§01/00718
relationship to the /R transmtted carrier signal. Oher conventional I/
systens, however, generate an internal4clock signal fromthe I/R
transmtted carrier signal. For exanple, each tag (or card) in I/l system
10 may generate s its own clock signal 66 fromthe I/R transmtted carrier
signal, by dividingnthg &@Eﬁb&fm @'qusakenft "5%@1'48'3 1ﬁgeﬁ¥d@ht§' ﬂgrawﬁrmer Vhen
each tag generates its internal clock signal he I'n rogator S
carrier smtglmal cloclhsgn@lgha Heatseron@latiohglif te tlrgrlalk tnaasrhmebe:aﬁfmr"mgmt hOtHee

carrier ce a urality of tags.may caoncurrently be |nterrogated
by an* 1/ RAEREon 1T RS bk sy e e ey H@r 10 The

probl em efyn&Rines eRtrics! Fl GS.
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cl ok A SRINTIBI TR 17 by caliedataher o Wi GsBES Beleyaloniiophernal GHogA SEHeT 5. may
be out pUtfro%ﬂth@@ﬁﬂarr@gatf)f 9@11916?%% Elo thé@t §Ssrig¥¥?nddl ud § s gérltg?l]lsz"coﬁé}gﬂt"t\ﬁﬁl i@ the

|/1 system nay generate its cl sign € conmon

i nt er r ogadroiet signalr r$1ace & pomality lmji tags pnagdﬁttnenmme)dbmmérecsgatddrb}t hel/Rxampl e
shown in FIGS. 4, the predet erm ned nunber is 2. Al though not shown,
it owill B%h%?fﬁé}gs“@ daa}tﬂléqrff‘égé’\ﬂt egh PE¥honds with a data stream of |ogical
ONEs and ZERGCs. The bit time period of each | ogical ONE or 20 ZERO

typi ®al ly is | ongedhe REeblemef 6ekereniciignal merferzaceps explained &y raferdnec 36 cl ock

ur att on! e BT e TP o Rk SN Te BT iaib B, SRR G160 e

conbi ned Fako®kvelodns 86 iShewWomnibreasék §1 S ButerFRRERNY &gr@? O hRIFGHREES 1
variations anong tags, each tag may start a Ivision of the carrier signal

at a dif aed &?n@retlihﬁréntelm@}ly aﬁm‘f‘pﬂeé clack Sanas glock dcndiclotk Bag tags 2BndBd cl ock

B of t d.clock B are out of
ohase. - ArRdifel” EREPE of Bort E i B BNChLafh PO G Sk SR RsosfH By

on/ ofst lcmv IYDtEId!:I@td an ﬂflé)r/l @ys@éxﬁ@&@atyeg'eﬁbﬁe@nwm@élgﬁél 1y dl@f&hr&eﬂhb ngéuno]ihe
responses fromtag ,§ and tag B aré designated 83 and "84, respectlvely As

previ ous;ryergqgltcgds careier vignad Hyarpredetermined number. In the example shown in FIGS.

3 and 4, the predetermined number is 2.

Although not shown, it will be understood that each tag responds with a

data stream of logical ONEs and ZEROs. The bit time period of each logical ONE or
20 ZERO typically is longer than a clock cycle. For example, there may be 36 clock cycles
within a bit time period. In FIGS. 3 and 4, for example, the duration of a bit time period

is longer than the duration of all the combined clock pulses shown in each figure.

Depending on tolerance variations among tags, each tag may start a
division of the carrier signal at a different time. For example, in FIG. 3 clock A of tag A

25 and clock B of tag B are in phase. In FIG. 4, however, clock A and clock B are out of

phase.

A tag may generate a response produced by block 54 (FIG. 2) by on/off
key modulation for a predetermined number of clock periods. The responses from tag A
and tag B are designated 83 and 84, respectively. As previously stated, tag A response

30 83 and tag B response 84 are actually the clock modulations within one bit time period.



30 83 and tag B response 84 are actually the clock nodul ati ons wi thin one
bit time period. WO 01/52213 PCT/ USOL/ 00718 -5 As the re%&qﬁzﬁ%m al s
propagat VP8R the 1/ R the signals interfere with each ) en the
response signals are in phase, as showmn in FIG 3, the response signals
conbine to produce a strong signal, depicted as result 85. Wen the
response signals are out of phase, however, the result is showmn in FIG 4
and the I/R does not receive any 5 signal. Thus, when several tags respond
concur r eas lihe tesp@Re sighels (pogRigate’ tewadethy I/R,abdsippalt iedaralwitineahfegieence

exi sts. Depending on the phase shifts anong the response signals fromthe
tags, th®&headhg raspepssisignals are sephase, asyshowa 1p FEGy 3y thedesnonggiignaltide. 1 n

SONMe cases, .. : p | is
pose: o oo fitRuts § o YeRREIARGR REGHERT [ Bhe e Resettd HEnlt e

concur r egiit Jfphp) B6® el ¢roMesRYE! &l sho®anfFIGt hege tied YRrdoehast @eeivskow and
beconme even slower as the nunber of tags increase in the entire tag
populsat i #&n¢laddr ess space). The probl em of coherent signal interference
shows that a need exists to provide an apparatus and net hod for reducing

t he signal interfelhusevienoayereblags maspondlSnsigyemtlysto BURRRNO 2T BHEENNVENTI ON
The present invention provides an_ a ratus. for reduci ng coherent signal
interfer %‘ﬂ]@ée”’b SieRaldnter er‘f%ﬁﬂlsfsv\gl) ?}?et%g]ﬁroéla% pL?Sﬁ Svﬁ"?‘ﬂlgattﬂﬁ SR cI ock

si gnal . ;figﬁals AIORAMALALS, dRNetd ifig signél%@éiv&i QeS8 ed MOmIgdC opnon ¢l ock
signal and includes a 20 Manche3ter encoder for encoding the clock signal
with a usingieasss,ghatmpBtudAinsy dppodaghiedro amsl detdotign Oy ANDY/ ais empossidonbi ni ng
one bit stream of the t it streams with the encoded clock signal to

o odtice BT 50 DEpae Sl AP AL ACBHEE oG pRAeS TALIc P!

conbi ned.w j | X!

i vi dusii; PERGPRFRRL aldiBot ddtktortt b Aa R0 e b APEEb PRk lhorcase

recei vi nin thadnti2Gag bepwatiorp(addsesespoe)er i ncl udes a re-circul ating shift
regi ster having a serial output, a serial input, a parallel input and a
clock input. The sgné ptoblth PAtolreitiienabhitdrferéa@ishbRE thas afreeld bexddts 00 t he
serial input. The clock signal is provided to the clock input of the shift
r egi st er peiletaneappaiagiseandi method far reduging thechégnal Htqrfrsesgramong cobgisat . An
exclusive-OR circuit conmbines the serial output signal of the shift

regi St er S8t he cl ock

SUMARY OF THE INVENTION

The present invention provides an apparatus for reducing coherent signal
interference between at least two bit streams framed with a common clock signal. The
apparatus generates a local clock signal from the common clock signal and includes a

20  Manchester encoder for encoding the clock signal with a unique signature. Also included
is a logic AND-gate for combining one bit stream of the two bit streams with the encoded
clock signal to produce an encoded output signal. When the encoded output signal is
combined with another of the two bit streams during transmission, individual bits of the

combined bit streams are identifiable at a receiving end.

25 The exemplary encoder includes a re-circulating shift register having a
serial output, a serial input, a parallel input and a clock input. The serial output of the
shift register is fed back to the serial input. The clock signal is provided to the clock
input of the shift register and the unique signature is provided to the parallel input. An
exclusive-OR circuit combines the serial output signal of the shift register and the clock

30  signal to produce the encoded clock signal. The unique signature is a user selected bit



30 signal to produce the encoded clock signal. The unique signature is a
user selected bit WO 01/52213 PCT/US01/ 00718 -6 pattern, and it is unique
to each tW§ 01/$221Be tag popul ation and is | oaded into the pBEBUSEN00718nput of
the shift register once during initialization. The shift register has a

| ength equal to a length of the user .gelected bit pattern, and the bit
pattern is re-circul ated once for every bit tinme period. The bit tinme
period is defined as n=F/ DP, where F is a frequency 5 of the clock signal
in Hz, a r i In

anot her ehedy ARt shle G esifiap SRk popIRAH il R 0BT GERIA "

bit st reampu:tm‘ftthﬂ shlftgegiNEs oaceddutirdGaitiatiastiorONFhoshi & EEE X teAHa @ leAgih 5q}l]lhj me
period. The discrimnator circuit receives the bit strear‘q where the bit

stream i IR 9f theawser pelastedbifipatiers, é@ﬁrfh?rblhpaé@kn §|r§rFaIIC aggfnge Iforc al
| ock f
oot ves Wb BFRRIHEa TP Uil B ERE i Qerfled Al SRR, el FiSh QDG

count er detthe olotlesighhlaih He, GNE DB igthe bértatel of thdBitBirkarfitii BASPYNRBoL. | east
one pulse is detected during a bit tine period. A second counter receives

the bit stream and [nSnofHeP e#B6diRient, rh‘3d1§ér‘i}ﬁﬁ1a§)‘ri):'i}*%‘hlt is|dScI8 QRAGDH A& M el
determ nes that a ZERO is present when 0 pul ses are detected during the

bit time fpestresth cansainingi @NEs aine ZERGs: S&@D@Nlﬂmt ZBBOmavire 4 bit ¢igwi pegiodener al

d t d. the t d d t | but
ot 1 eot 11 fgimior RRcif Hethed B st SR T G ¥R RS The
i nvent i onrdedd®ith aWRESHST @l@gk Eam Lhea idal %l@glgqg[ %‘g‘sﬁgeddﬁéﬁrthﬁ%rgﬁa aWwhen

read in connection with the accorrpanyl ng draw n l'uded I1nt W ng
are tihe Q@kisgrabwiAnfrst cgurtersreceiv@ tht bitptieom audtiy closkad by Hendddkosignal.
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tag of the system of prior art) are timng
di agr ams cidnked by theheloclesughal ofhe smon(tmmmtdemnmhndsal}m arZBROns pregettoviam 1/ R

carri o SdnAl OSLE DG, SR GPONE e8NS | N Phase VIO 01/52213

15 It is to be understood that both the foregoing general description and the

following detailed description are exemplary, but are not restrictive, of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is best understood from the following detailed description
when read in connection with the accompanying drawing. Included in the drawing are the

20  following figures:

FIG. 1 (prior art) is a schematic illustration of a conventional I/I system

employing an I/R unit and multiple, electronically coded tags;

FIG. 2 (prior art) is a block diagram partly in schematic diagram form of a

conventional I/R unit and a single tag of the system of FIG. 1;

25 FIGS. 3(a)-3(f) (prior art) are timing diagrams showing the result of two
conventional tags responding to an I/R carrier signal, where the two responses are in-

phase;



FIGS. 4(a)-4(f) (prior art) are timng diagrans showi ng the result of two
conventional tags responding to an I/R carrier signal, where }sug @\9{)8
responses WU/ of - phase and when conbined result in zeF§T @’ﬁ " FIG 5
is a schematic di agram show ng an encoder in accordance with an 5
enbodi nent of the present invention; FI'G 6 is a schematic di agram show ng
the encoder of FIG 5 enbodied in the tag of FIG 2; FIGS. 7(a)-7(f) are
timng diagrams showing the result of two tags, each containing the
encoder of FIG 5, FEshona-4@ (peioaart) i wdingi @igraingRRdwinghBe eestitef twe 10
responses are i n-Ehase; FI GS. 8(ai-8(f)_ are timng diagrans show ng the
resul t of canyntfosgsiage ssROndBg imithl/Rocarer dgreddwhergfthew responses perehted t o
an |/R Ctali‘;k{ais%nélv&l&?l:%m%%&?‘eshgﬂn%é% sig]rf%{?’-ponses are out-of-phase; FIG 9is
o [ a

a schem di'agram show ng a di'scrim ing decoder in is accordance with
anot her enbodi nent the present invention;. and FIGS. .10(a)-10(k) are
timng diagranms il Iﬁg‘?'rgfsi %f%fnﬁémbﬂ‘ég% SHPvgRe ?ﬂgncﬁggé‘}?éfiofz‘%“Fé@)ltB@Boder
of FI G embialmbhtd? REFRR AN, THE | NVENTION I n accordance with one
embodi ment of the present invention, FIG 5 shows 20 a signature
generator, generall i 4 T [ t e r. nck S

hol di ng register 92?(1(2’?%?&” %@g’ﬁ%‘?%?‘%g?né%’@g Fiﬁes%gq%:é}ﬁ)lg%g %n:l%b?kéag@

Provi ded s tagUFIG.S2;gnal s to signature generator 90 are signature pattern
91, clock signal 66 and bit data 64. Provided as an output signal fromthe

si gnature gener at or FIGS. enOA@are YinfHE dfie8iad stﬁi_%vin% theWebill; BErAPRES Cadlh ed

that each tag (or card) in the tag population inclTudes 25 the Signature
gener at or conkoning ngriceden ¢ieF1&i. gnacspoadige ne pmi/R carsiyr fignilnphecatietwot ag 14,
shown in FIG 6. As shown, signature generator 90 is included in
contr18l/Irtféﬁ’%l,sesdaar&\n'pﬁ%sr‘?bry and data registers block 54. Signature pattern
91 is provided by signature pattern selector 92 and is user control]l ed.
For exanple, a uni qﬁﬂi%i%Wa%@%reﬁwyn&élagg?én%&h%‘a%@earewbef Byoatagh each

e/ Uscr UOTLENE O SedSaiaRg S, sGoaRahy R T SiRer Sl Bl 1O 07 Coue.

Thus, eacfespdges are@ut-8ffphase;

FIG. 9 is a schematic diagram showing a discriminating decoder in

15 accordance with another embodiment of the present invention; and

FIGS. 10(a)-10(k) are timing diagrams illustrating the operation of the

discriminating decoder of FIG. 9.

DETAILED DESCRIPTION OF THE INVENTION

In accordance with one embodiment of the present invention, FIG. 5 shows
20 asignature generator, generally designated by 90. The signature generator includes
holding register 92, shift register 93 and exclusive-OR logic block 94. Provided as input
signals to signature generator 90 are signature pattern 91, clock signal 66 and bit data 64.

Provided as an output signal from the signature generator is encoded output signal 68.

It will be appreciated that each tag (or card) in the tag population includes
25 the signature generator. For example, the signature generator may be included in tag 14,
shown in FIG. 6. As shown, signature generator 90 is included in control/logic, data
memory and data registers block 54. Signature pattern 91 is provided by signature
pattern selector 92 and is user controlled. For example, a unique signature may be

selected by a user via an authorized programming sequence. Signature pattern 91 may be



popul ation that nmay be detected by any one I/R unit has a binary nunber
assigned to it roviding a uni que signhature pattern. Al so in FIG 6
are cl ockwgoé/ﬁéﬂlg% and encoded out put signal 68, 5 whi chp(gf/gg\@ﬁdo?yﬁput
signal to and an output signal from signature generator 90, respectively.
These signals are the sane as the signals shown in FIG 2 and are,
therefore, designated by simlar nunerals. As will be described, clock
signal 66 is nodulated with signature pattern 91 using Manchester

( bi - phase)3tebic Bdicnde.tar ipmag beany etwodagtioaf pade. STlgnakadh@ag The tencoded

out put signal .is . then conventionally mdul ated by io nodul ator 56 and
transmit tpgal?lﬁ‘il%‘mhéh{r@ﬁfﬁ)g detecied th%“%l Hedi R ygu s ﬁ%@&@b pumpgr assiggeddthtier |

the respeRSBIRE Bakhd & %ﬁ% ique pattern. Referring nowto FIG 5, the
encodi ng%of th ares ons%n y éﬂ?g@ or card is acconplished by signature

t 90. Si 91 i .ed. i.p _hol di i St. 2, which
nay be, for exanpl e e BRI LAt IR B anf ciodps ARG ERgi OBt o1 o2
15 i ss contaet &€ dndnputikinal & AdE ok @%naiS Ivofrf sigﬁcﬁﬁﬁzﬁ%heﬁﬁ)r@o,my of
pu

paral l el interconnect 97. Serial out termnal 100 of shift register 93
i s conned¢®acthigbk Thessesignals draplag sames a5 thasignalo 3hown ehFIG. 2 end steer 93 by way

foli o 98 | | ted to i t. . term . of | i ve- OR
o reurt Sl eignkea By a8 MR X b ocsPhi Rlashisishet 8 Fal > oo
shift regcluBited®WitBREnh@ré Patirn HERIN %a&h@&eﬁefﬁjpﬁﬂe?’@%%aé@ tro%%b@luc%df-

Finally, output 20 termnal C of exclusive-OR circui rovides the
Manchest €Rcasieé ouenyt sigoelkossi Gherbndegded pripubsigndl nethes coimationadlydmdddhted by

signal a bi a 64 are ed A te. 103 to, produce encoded
out pl’(lil})t sﬁgorqg'att(ggfé %l“fté?ns%ﬁ%i\gﬂnoaﬁ%{nﬁggéﬁglbed’@éer&ﬁamﬁfre Gnaf MH AR ¢ he
response s @8ns@bf bt thggasgnn%g@bgﬁérgn, the signature pattern is | oaded
into shift register 93 once 25 during initialization of the tag. The

signature pattern i -G lsat,ed e f e -1
eriod of {he tag. “HGITE TR AIEL T RCertBgRy ofintShdtse bERRREBRLTE
f r equencycwinflisked s pignaterecganetatsr 0. g8hatuFOpatRx@OPliestotel! ih MOldeRT fegter
frequency.is F d_LHZJ) and the bit_rate is DPO\POEbps], the bit time periodis
t hen n:F§?DWhE§ P& io pemple yhEPROYE. The opfnur gsmingh of Beldingaggisieatd2t her e
will be it hi n j: i: ' ere
may Bo 36 CracreE¥EBa: bRl 10nGr ik rbgiler BEbL Sy of el FAPAEe1 O]

r espondi Seriali dulpua téragnal 108D GhifZERGierP3r it lkeninsated, bath€o @ idpudterinhiel

si gnhat ur? fa%t ern WO 01/52213 PCTI USOL/ 00718 -9 '
02 of shift register 93 by way of line 98. Line 98 is also connected to input terminal A

of exclusive-OR circuit 94. Clock signal 66 is provided to the clock input terminal CK of
shift register 93 and to input terminal B of exclusive-OR circuit 94. Finally, output

20 terminal C of exclusive-OR circuit 94 provides the Manchester-encoded clock signal by
way of line 96. The encoded clock signal and bit data 64 are AND-ed by AND-gate 103
to produce encoded output signal 68. After modulation, the encoded output signal

becomes the response signal of the tag.

In operation, the signature pattern is loaded into shift register 93 once
25 during initialization of the tag. The signature pattern is then re-circulated once for every
response-time period of the tag. The frequency of clock signal 66 may equal the
frequency of the response carrier signal. For example, if the carrier frequency is Fc [Hz]
and the bit rate is DP [bps], the bit time period is then n=Fc/DP cycles of clock signal
66. It will be appreciated that there will be n clock cycles within one bit time period.
30 For example, there may be 36 clock cycles within one bit time period used by the tag for

responding with a logic ONE or ZERO. Furthermore, the length of the signature pattern



is equal to the length of the re-circulating shift register 93 and it is
k<-n. In cases when Kk < n is chosen, clock signal 66 shoukg L{.ched
pRERN

of f for pW%QIKSZWCI es. By Manchester encodi ng the response 8g W th

t he uni que signature pattern of the tag, the problem of coherent signal
interference anmong tags responding 5 sPrultaneously to an I/R is reduced.
FIGS. 7(a)-(f) and 8(a)-(f) illustrate the reduction of interference
resulting from Manchester encodi ng, when two response signals are conbined

in the aisequih® the gingasosihee Chreulaaneskaftgogker SBaw it ie kkh G3n cdsedRhed
respectively, Cock A of taquA and clock B of tag B are generated fromthe

i nt er r og&tot sschesgmy ickick siggahpo spuldhe ewitgheddf ErqeknB qyglgsbe a di vi si bl e
nunber of the carrier 10 frequency. In FIGS. 7 and 8, the tag's cl ock
si gnal is obt ai nedByyMaichiestenendodmgahe résponsesifghataghyitiatifei vodghersigraane f or

exanpl e by, 2. Manchest er, encodjing cl.ock A of tag A and clock B of tag B
wi th unPéfEFéHQE ﬁf?at@%ﬂéleaa? Igiifd COpFEnt Mg {HFGCEBADIAE B8y FEPORHNE he ai r
SUr Viyesgj ' i _ 28 ; and
i gnar ur STo M QXATEY A IR ISPAE PRI DO Bl il BF rodefind b

r esponse iserderanced@suting fragn Blanelsgsen secaiignalhddwo rebpmse bigakls Aresi gnal 81
and cl ock B si%nal 82 a,ie %.n hase and have been encoded with their
@l ief

respect | GEIRINGHLR (e RUtes Sl Phessame: signsls drovand Flesydrand bit tine

period i gegpbdiiviRi " : M EB;H%] S; Lgnal s
when cl ocekSpAtsi na(?fog:ﬂi& gnSQA gf(i:i&lgcgl!B;‘brlfat?g ?2‘:9 g%gﬁéggtteao p?\tgeslgg?%%? %%)8gh
t he resutarreysighgrifl. Gbckepemtisloohn Biheay BOa divisjule maiteebfisheofartilg A and tag

B and is_different endi ng on whether the two tags operate in-phase or
out - 8f - pﬁgglée,ncy.hgn £ gégi ?ia%%sf@ntég s ciprkpagngbisebiapedpy dvading Hie g gy t he

i nterrogalas-hyl i prry f t detection and recognition of these
SiaR4]-b J‘ﬁx@elélﬁgﬂé%r, Yor é?('éﬁl?)f%r §!

signal s 1| déscri ow wth'ref'erence to FIG 9. Tag A response 83 and
tag B response 84 gh in FIGS .7 and,8, act uall 5 esent .t he encoded
clock signal modul B PORIFHR Fcpeidg ?fg&‘rﬁ&?iﬁ%fé|%dﬁf%kﬁeﬁéta§§]?’vbt . (The
bit tineumigté Signabire ISH_I‘ﬂ_tﬁﬁ{s, taRsiingg eOmbMed §igamélatﬁe hRQuAITRS HYIRaMpleand

tag B response 84.) is may al so be understood by referring to Fl 5.
When bi t sigaataregpttesn @l fardag damayOle 188 omex andsiignpterepattetn tefopeag Banayt hen

encofed, BubnSlanactd 40t o RBRANSES it B LSRRIEE 0 3, e

wi 'l al s@hbecroek edsithatstagd dbdkes RnsesBrelifl phise and Hafe bb& SRBBePwithad B
their respective signature patterns. (Only a portion of one response bit time period is
illustrated.) Similarly, FIG. 8 shows the same response signals when clock A signal 81
and clock B signal 82 are out of phase. Although the resulting signal 85 depends on the

20  unique patterns of tag A and tag B and is different depending on whether the two tags

operate in-phase or out-of-phase, the resulting signal can be detected and recognized by
the interrogator. The circuitry for correct detection and recognition of these signals is

described below with reference to FIG. 9.

Tag A response 83 and tag B response 84 shown in FIGS. 7 and 8 actually
25 represent the encoded clock signal modulation within less than a single bit time period.
(The bit time period is longer than the coding shown as tag A response 83 and tag B
response 84.) This may also be understood by referring to FIG. 5. When bit data 64 is a
logical ONE during a single bit time period, then encoded output signal 68 (tag A

response 83 or tag B response 84) is the modulation of encoded clock signal 96.



response 84 in FIG 7. Tag A response 83 in FIG 8, however, is the inverse
of tag A response 83 in FIG 7, because the clocks are shifted by 180
degrees. Wad1/828ddi ng circuitry is shown in FIG 9 and is R&HESE[0DIA8
designated as 5 200. As shown, decoder 200 has three input signals, nanely
encoded response signal 202, trigger- ggnal 203 and cl ock signal 204. It
w Il be appreciated that decoder 200 may be conprised of discrete
conponents or nay be part of a programmable gate array and is included in

the interrogator/reagar ajc hRhottl thar}4s BReShondd 84 ﬁpﬁggeg isrt?l@@%ﬂggs ga%? may be

provi ded by an RF section (not shown)” after having been receive
anpl i fi edespChsel® moklGe/,. The Aerspuse 88 3 FOBSE, Bivghatl, is shdgiveiss of g £onbi ned

signal transmtted &ne or nore tags. The second input signal, trigger
si gnal 26%%P0H%?y§3o@€%b i PEERUSG the Preke e shifted Ryl 8Q19687¢FS- and the third

input signal, clock signal 204, may be provided by a clock generator (not
shown). I'n the enbddicifispeding cirpitrprieshavn innkléntd o, is genarklly dgnignatioas | s

cohergent Jyht h & e signal 202. 15 Referrin ainto FIG 9,
Chr eshol A0 msAERAr ol ePanT ok M Inuf S patse nebe e eadisbASestst skt 02 1 o
vol tage Doy eirfyge0sipailiznk anwicldekisigal 2@1.CIt WilleCHPYRi4i&HthaPleaPEH Shgnal
is output by threshold conparator 201 as signal 205 and is shown, for

exanpl e, basompgiprd ofxdiscretg dEMBondivg by maplbelpauglf apogsinamehle ghte artayestios d of
th t or, .may. be set j st t he.si.gnal noi se. level. 2Q Control
sequencen Bt e BferEud tilac SOKEpmE 23k R Bltedier et D olbect ed
arrival gfovidi@ BNEORELE@SP@IE Shov i WS havihdFeenl@cbVed b amglﬁ'ﬁed@néf(e) show

the relationships anong converted signal 5, trigger sign 203 and cl ock

si gndl 20aurse,rthe gaended eesponserragnad ishqreiovhe eombisied sigutl sanymattesl hyoomoot r ol
sequencer 214  and sequencer. .output signal 2, ich i, he out put signal
of cont rgror%éaé%s].eﬁgagrse RS8N IE8 Y %@aigaéoﬁ’i‘?%i? p§%"d§“é#1%? PEOLASSOE t o
initializ@tcRéwhL 288 thed@&Adaut2ha), WIGREYETal 80£ AdSHbE R a 8ok NOt
expected. In anofher enbodi n%unt ?é}]t,aﬁe func iaon of %gnt ?gﬁ@seq eancgr 214 is
to initigendrater (iwtehewn)20 thesmbbéiwne obthe guestnt myputinse slak aignap2®t 8d. As
expl ai ned be%rﬁw. decogg r200 di scrLgafat es between ONEs and ZERGCs in the
: Z

encoded FSPEHIEILMGRGFd resperse Slgaa ERO having a bit time period. Ramp 30
counter 206 and up_counter 207 %rovi de the first decoded out put signal 210.

The tirst WO 01/ 52%¢ferpegagnnty G858, thresholdcoptpartoudPueonypgnageeived shown i n
FIG 10(kjcoapd rdsPofietdigifai 25@%1%1&%6 %veisecao%]ipa%g% Pl Bg Ibfic. The converted

or shaped signal is output by threshold comparator 201 as signal 205 and is shown, for
example, as signal 205 in FIG. 10(b). Although not shown, the threshold of the

comparator may be set just above the signal noise level.

20 Control sequencer 214 synchronizes the operation of the decoder with the
expected arrival of the encoded response signals. FIGS. 10(b), (c), (d) and (e) show the
relationships among converted signal 205, trigger signal 203 and clock signal 204,
respectively, that are provided as input signals to control sequencer 214, and sequencer
output signal 212, which is the output signal of control sequencer 214. The function of

25 control sequencer 214 is to initialize (or reset) decoder 200, whenever encoded responses
are not expected. In another embodiment, the function of control sequencer 214 is to

initialize decoder 200 just before encoded responses are expected.

As explained below, decoder 200 discriminates between ONEs and ZEROs
in the encoded response signal, each ONE or ZERO having a bit time period. Ramp

30 counter 206 and up counter 207 provide the first decoded output signal 210. The first



t he encoded response signal 202 is present within a bit time period (FIG
10a). Up .co 211 provides the second decoded out put si The
second de@gﬁé%ﬁgﬁtput signal is showmn in FIG 10(k) and i?ggngéégm
whenever no pul ses are present in the 5 encoded response signal 202 during
the bit tinme period. Ranp counter 206-dAd up counter 207 together are
herein referred to as a first counter and up counter 211 is herein al so

referred to as a second counter. As shown, converted signal 205 is provided
as an i npdecodedynatput Sgnanpshovouimt HIG. 206) anp iscamting ewhéhitleramdeasonhd phlse in
sequencer 214, ock signal s provided as .10 an input signal to ranp
count er 26]&@116%(%6166?&0&?‘9 %175}1228% 1§ B[}%?Igr‘“ﬂ& aiitimg Rered (151&1 J&atelr214.
Trigger signRddr 493hi [ i j t |

2147 The SR AL IR Y sERfha3fecid deblh Sisffels, ! PneOhGlac RRNSHRRE,

si gnal t osigha is slesat in( IRET) 10i(kpaid it activen aihenefer hapalseo urd wresed® @ thep count er
207 and u ca%{]ter 211, TEC? out put signal of threshold conparator 201 is
provi ded SO FeipeRse Siggahr04 duiipgketheiidime getighet (RST) i nput terminal s of
ranp counter 206 and up counter 211. Finallg, out put signal 209 of ranp
counter 206 is provRa@g cayntgh206pud up copner 207 topether dre herads eeferr®BM) as 4 nput
term nal unt Q7. If.apy _one .of the counters has only a single
reset i npﬁ{st 8{))uen(r%‘gr’;r)ri ‘ﬁlélﬁ,{p %%gtegizéAéT gergglp?lfoe?f?réecheaStwcP% & Yput terminal s
shown in FIG 9 nmay be, logically ORed to generate a signal reset signal

20 Up counter 211 iéséh?‘?”é’ecornﬁﬁﬂ%/qwﬂgwla28-5d$ BRpérledias Ay iR sHangt IOFER t wo
synchrono i 1 nad i S i han i r,ovi ded
By the o g L A S g 214 ol 200 0o Bicl

si gnalo i sarpmpui dlgohl by rame qoenerc206 wppounet 90| up2dintef2¢ 1 @adrbdnivell ue i s
reset and held aéh%e&p,value, mhgnever, any one or both reset input signals
are acti v&AUSEr &ift-pdeisgrigHanal g3 uhpryifisdets apinpyt signal i9qonirel segHesver t he
count val g e I | Qi er). Ba)q? er 206
is afree %j nﬁ#ﬁg‘%‘r‘a’?%?{‘/ﬁé’?ﬁﬁ‘?ﬁ?&%‘%ﬁé@%&g pgg‘ﬂ%‘lfcﬁ%sgﬁ l\}\I/Hen ag?(?{ehr m nal

count val xeseti (R ST agive termiliteds o fugmpconuntee 206a8p toentsy207himangucouhes et 1. i nput
termnals, The ranp counter value is reset and held at zero val ue, whenever

any one bre SUPY B¢nal pé threshold corpparater gRhisspravided @s py anpuosiEp todhgpdEr 209

he: arm o om0, a0 Y oybiRER RE Finat 881 S, 207

i's a freesignad20Dof vamp caunmern2Dis pasyidedawdreinpwd $ifinal to the other reset (RST)

input terminal of up counter 207. If any one of the counters has only a single reset input
terminal, the signals applied to the two reset input terminals shown in FIG. 9 may be

logically ORed to generate a signal reset signal.

20 Up counter 211 is a free running wrap-around binary counter with two
synchronous reset input terminals. The first reset input signal is provided by the
converted encoded response signal 205. The second reset input signal is provided by
sequencer output signal 212. The count value is reset and held at zero value, whenever
any one or both reset input signals are active. The output signal of up counter 211 is

25 active, whenever the count value equals the terminal count (explained later).

Ramp counter 206 is a free running binary counter which stops counting
when the terminal count value is reached. The ramp counter has two synchronous reset
input terminals. The ramp counter value is reset and held at zero value, whenever any
one or both of the reset input signals are active. Output signal 209 is shown in FIG.

30 10(g) and is active, whenever the count value equals the terminal count.



two synchronous reset input termnals. The count value is reset and hel d at
zero val ue, whenever any one or both of the reset input signals are
active. Agwdnl/sxh®e output signal is active, whenever the camysorabue
equals the termnal count. 5 The term nal count values of ranp counter 206,
up counter 207 and up counter 211 are jphe same and depend on the frequency
of clock signal 204 and the response bit tine period. For exanple, for a
frequency of clock signal 204 equal to twice the frequency of clock signa

66 of the tag and t%allﬁéﬂ?'agﬁtpf O’Hsrgefirg L{ngglg:s\g gar&?c{'b %{ﬁ/ %ﬁ e? | ock

signal 66 of the ta erm nal coun qua Fh e 10

exanpl e s mmyncmrdﬂoﬁs rése( mput teh@iaist Tho®uperilad id &s@%@'hel@at‘keﬁd’@él&@ of
clock signal 66. This may be seen by observing that converted signal 205
(gener at eVNERGYE ARY OBH D B ofrt@smﬁsl@plst. wlS)ar@facmea Agaipbiherpasput gignal is

conpl ete %%R%e%mf&“%?%Fgg%PngﬁcF@ g&mte 8%%%§| the termnal count is

2.4-1=7. SO no si'gh 10(d)) is twce the
frequency of converted s 205 r clock si 6 of the
Counti’hg by ranp co&ﬁ? nﬁ@% CPEmi‘faﬁ éi“@ﬂ cp FW@ I@’(Wmeéghﬁgp%ﬁpby up

counter 2 Iy i's shown
in FIG %ﬂt?ﬁggége t%é;iaﬁeg}ndi%g’g%@??éﬁ%m{eg 9{9%0 Slﬁs Ry A ( nf e 10(g))

becones actspemse bahéme peaogp Eou nXample,Oﬁ)r adwgusnaypotft dodk siging 204 reqnaldemnted
out put (si 210 i ) eco s, active, when up .count 207

counts up I%Ofa e/quen“—‘fyn%iincflﬁ)Ck ?lﬁ%"ﬂgéé%f i B éﬁe BIPRIE Dgime P@'H%‘i equp: tq hFG
10(k)) be%‘ﬁi@o@&édl{"ﬁgna‘f’*@@%f‘ﬂﬁ% ﬁguﬁlte%rn%;ﬁi ?Hpﬁaﬁué‘ﬁ ctqgal?to iplb Oﬁgxgxarml €

shown in he conbi ned response o e ta The
firstidec embenploahqwm isFiyhal O(sholvanbit rinfel gériodl G equail so 4 Icycl&s‘Lof cloclepiped ot | ng

t he detec hon of thre ONEs i.n the conbi ned response. The second decoded
out put si é). 19| M@y, be-pegn byphsgrving that ‘?L‘T"e“e‘hilg“alr@ér(ég@ﬁ%t%&oph@e(f@?%@fil on of

four ZERC?esFShse%%nTa beqqﬁb'elﬁqu hﬁ??&ﬁ%%ﬁ-bplét cﬁ@sr ﬁtdng[yn QYL putiof! gnal 212

(FIG 10e) resets the thre ee runni nter ess reset by
convert edThemgfoak, BOJerhithad cotifits 2-4-he7. hheeale@mnteertﬁatem stgahR04 CFIGCkK
pul ses 2040Jd590m 0.to frg he term nal co Si nce cl ock Eul ses 204 are

unt
Franed by 105 Sgife s frguanny O Eoieregaimmbifioloncacharmsshoal B8 ol ock
pul ses in each bit tine period 30 (FIG 10a), for exanple. Up counter 211

(FI G 1510j ) cont i nueSougtingeby easen copterAPbap ulwtrmdonﬂ@ 18(fPCTPrwSE How 8

%g 78118;]?' oun? ﬂ)"’/‘rls S v%] th Hé.st(g)' gndtéora%tlgg {)y up c{)%\élezk 21P1s sh%&%r}n %?ant s up

10(j). Each counter counts from O to 7. Signal 209 (FIG. 10(g)) becomes active, when
ramp counter 206 counts up to 7. The first decoded output (signal 210 in FIG. 10(i))
becomes active, when up counter 207 counts up to 7. Finally, the second decoded output

20 (signal 213 in FIG. 10(k)) becomes active, when up counter 211 counts up to 7.

In the example shown in FIG. 10(a), the combined response of the tags is
"1001100". The first decoded output signal shown in FIG. 10() is "1 11"
representing the detection of three ONEs in the combined response. The second decoded
output signal in FIG. 10(k) is "_ 11 11" representing the detection of four ZEROs in

25 the combined response.

In operation, output signal 212 (FIG. 10e) resets the three free running
counters. Unless reset by converted signal 205 (FIG. 10b), the three counters each count
clock pulses 204 from O to 7 (the terminal count). Since clock pulses 204 are framed by,
or coherent with the bit data stream, there should be 8 clock pulses in each bit time period

30 (FIG. 10a), for example. Up counter 211 (FIG. 10j) continues to be reset by converted



second bit time period (ZERO) and counts up to 7 again during the third bit
time period ZERO) Thus, second decoded out put signal 213 k)
becones a P fs E, ‘every time up counter 211 achieves aP%'&H%(&/OS%%

Ranp counter 206 (FIG 10f) is continuously reset during the first b|t tlrre
period (ONE) by converted signal 205 ahil-does not achieve a count of 7
until the second bit tinme. In the neanwhile, up counter 207 (FI G 10h),
because it has not been reset by ranp counter 206, achieves a count of 7

and r ecogsgmael03 terifid thetfid bit tim@epepied i(OWEsba théNEunip g7 dhangeeond and
third bit tine gerl ods, however, ranp counter 206 achieves 10 a count of 7
and resetS§cqpd ltl tithe dierio 1ZHRON apdcouts 8p ¢ 4laggipaluring the thixg) bit tEEPEHSNt | v,

during t n r 0 tivate
first dek& ‘ﬁ ects"?%rﬁ‘g ﬁfgé’ﬂgﬁ %%ﬁ%ﬂ?’ FRey L&{Z b%g ? ae?"(%}\%bl‘ﬁff will be
appr eci at@er}tthme uphﬁuﬁtlef 811 actievee @dtint gfecoded out pUt signals may be
provided to the CPU in the I/R for identifying the 15 response. In the

embodi ment  shown i IRgthGeodhterlt W5 @26046H 1§&Bxﬁﬁhox§§1}gfﬁb§d&{r§é tﬂé‘?ffét‘iﬁtdmnéo the
CPU. Two out put signal's are necessary because the out ghal s are not

mut ual | y peewd (ONE) dy(tonzerdss e g 205 andhdoés m(stachﬁev;@aiedumuxfﬁulntﬂ ithpnsecomtbe s
not mean the nce of the second put si.gna I n anot her
embodi merftt mpge%&iep‘af?alg’flﬁﬁapg CHWer%gfn&ggf qg ﬁEﬂUS%%gﬁlﬁWQt beemaresst byt
decoded qyBWoufied Q@é ARIeVESRLESR Y 73?9}'&%?12%? tehisER Wérﬁ)dtéa% second

decoded out put signal may represent irst deco out put si gnal
is valid O "Dinng the secxmndread, thidé badame gotbdypiroweveey tammeduatds@0bmehicaes ONE

and a ZERO. Althou illustrated d .descri bed el ference to
certdl n S Ptt:u’) g‘ﬂﬁﬁmsﬁ@rﬁ%‘mef I%AQU;I lg’s%ﬁm'siﬁpéﬂ%%ﬂ{}ps lhélle PRSI YN ot
i nt ended cfu?mg‘?hé éé&ﬁ@Qn& hitd i ﬁérlcgﬁ ﬁ#) c§u1§ ' d%ﬁtngﬁﬁctw\é?er fu‘gyéecoded

nodi fi cation be made Int etails I'n the scope and range of

equi val ermlqnmfs1gmh]e2]rﬂ @les 1and wi t hout departi ng fromthe spirit of the
invention. It will be understood, for exanple, that the present invention

is not linited to Aaonghher bﬂdwﬂswgnb@ ihted i d6thefirsRaid gdcond he
i nvention m«i/eﬁbe extended to any systemhaving nultiple responding signals

pr opagat id§ rQR segn@brmayhbemvmé te@q@BUumtheUBrfoasdeatlfymwhee l'i nks or

8 gler Optr'eébon%e” kﬁit emb0<y11m At Shown mOIl’fé 2&11 FEICT/ &J %Oolu/t;()) Q7s%g8nals a%g' pr0v1c:f‘ed s

to the CPU. Two output signals are necessary because the output signals are not mutually
exclusive (the absence of the first decoded output signal does not mean the presence of the
second decoded output signal). In another embodiment, the output signals may be
modified. For example, the first decoded output signal may represent a ONE or a

20  ZERO, while the second decoded output signal may represent that "the first decoded
output signal is valid now." In this manner, decoder 200 may discriminate between a
ONE and a ZERO.

Although illustrated and described herein with reference to certain specific
embodiments, the present invention is nevertheless not intended to be limited to the
25 details shown. Rather, various modifications may be made in the details within the scope
and range of equivalents of the claims and without departing from the spirit of the
invention. It will be understood, for example, that the present invention is not limited to
only the I/I system shown in FIG. 2. Rather, the invention may be extended to any
system having multiple responding signals propagating through a communications

30 medium, such as air, wire links or fiber optic links, for example.



1 1. An apparatus for reducing coherent signal interference between at 2
| east two bit streans, each bit stream having been franed with a common

cl ock si gWed01/52313conprising 4 an internal clock signal gen@Cafusd/da7tin t he
common cl ock signal, 5 an encoder for encoding the internal clock signa
with a unique signature, 6 a logic ANpRgate for conbining one bit stream
of the at least two bit 7 streans with the encoded internal clock signal to
produce an encoded output signal, 8 wherein when the encoded output signal
i s conbi gl ichasapat her of the at 9 least two bit streans during

transm ssi on, |nd|V|duaI blts of the conbined bi t streans are

|dent|1f| able at a rlecel V] er}dt i &P w@ f cla ihﬁwnerel n the
encoder includes a "2 l\/anc %%Et ars &ic 38%?m$8 CSHE Gt mt“HEerF‘?‘Fte h§er@ ock

signab. lledt ridbitapp@anatdash oft s@ﬂeamrﬁaingt&eﬁtfﬁntehamﬁnﬁQéx%hldnrt%ék%@l g re 2
circulating shift register having a serial output termnal, a serial input
term hal CO@PES’étDéI lel 3 input termnal and a cl ock input term nal, 4
wherein a serial output signal of the serial output term nal of the shift
5 regikster is fed backtermltchekségnabgerenped froer e rémdn dlbek éipher nal cl ock
signal is provided to the clock input termnal, 7 the unique signature is
provi ged to the paraldnebddripttndo@ing tﬁéhnte@ﬁﬂclgcl@ﬁgﬁdﬂ%lﬂﬁh YiRiqER sighhtatt, t
conbi nes the serial output signal of the shift 9 register and the internal
cl ockgsignal to progidee ARG %n@@&%n% ﬁtgg% rearh o‘%éhé\ttrteés%véb{ 9
|nterrogat|ng/|dent|fy|nga lurality of “code rrsin

i nt er 1 ogatreaths salighe ¢hddded fimermal eloskrbighalng préduca aﬁam:aderi ofut;ﬁmugnaly to t he
4 tags, bit streans of data and for receiving response bit streans of data

fromghe tags, s tRehdptidrvaltenttiie @hcodededipunsignal@@6bmbined REth ABhet a} uﬁ:ta@rl ng
a unique signature 6 pattern and (b) generating bit streans of data for

r espohdi fepst Bva bié streamns gying rrepmissieCindigplualdgrld the ¢amyingd bitctrkass greal

generate fromthe carrier frequency, 8 an encoder in each tag
for eﬂcogﬁi%ﬁ% l%h‘lt%e}g?(ewm ? with the unique 9 signature pattern, and

1 2. The apparatus of claim 1 wherein the encoder includes a

2 Manchester encoder for encoding the internal clock signal.

1 3. The apparatus of claim 1 wherein the encoder includes a re-
2 circulating shift register having a serial output terminal, a serial input terminal, a parallel

3 input terminal and a clock input terminal,

4 wherein a serial output signal of the serial output terminal of the shift

s register is fed back to the serial input terminal,

6 the internal clock signal is provided to the clock input terminal,
7 the unique signature is provided to the parallel input terminal, and
8 an exclusive-OR circuit combines the serial output signal of the shift

o  register and the internal clock signal to produce the encoded clock signal.

1 4. Apparatus for interrogating/identifying a plurality of coded tags
2 comprising
3 an interrogator/reader (I/R) for transmitting, at a carrier frequency to the

4 tags, bit streams of data and for receiving response bit streams of data from the tags,

5 the plurality of coded tags, each of the tags (a) storing a unique signature

¢  pattern and (b) generating bit streams of data for responding to the I/R,



10 a circuit in each tag for nodul ating the encoded clock signal with the
ii generated bjt streans to produce the response bit strea ch tag.
1 5. The gﬁ%%?%%ﬁs of claim4 wherein the encoder incl udesggTI“rfg{&?g ester
encoder for encoding the clock signal. 1 6. The apparatus of claim4
wherein the encoder includes a re 2 cirdéul ating shift register having a
serial output termnal, a serial input termnal, a parallel 3 input
terminal and a clock input terminal, 4 wherein a serial output signal of
the serial output terchickaignaf gédeeatahby eachag é@ns thercaiderf feehueack to the
serial input termnal, 6 the clock signal is provided to the clock input
terminal, and 7 theaseguvabtireeaRRidgfon ehSodfi®itedestkt Yot ihah@uhhe i Nput
terminal, and 8 an exclusive-OR circuit conbines the serial output signal
of thé shfppatur pagginstadd and the cl ock signal to produce the encoded clock
signal. 1 7. The apparatus of claim6 wherein the shift register has a

| engtlt 2 equal to aclrewigitheash taghforsnghiddtingehpandoded cloakdighal Wwith shegnat ur e
pattern is re-ciycul ated once for every hit time period. 1 8. A

di scri'ni n&?nc'ffatff’ {”gﬁfr?anﬂ%@ Rf@&‘ﬁfi tﬁ@ r%xspB\}‘/Ste it fEemsdforpsredb@Eiraned 2 with a
common cl ock signal, conprising 3 a receiver for receiving the bit stream
of pullses, wherein & prg%lé? apnAraBe of glaimydtydierein theitrreder mcludes dit st ream of
pul ses ar i i i 5ot eriod of ONEs 5 and ZERGs, 6 cl ock
pulsez geﬁgﬁggég%P?gﬁkfﬁgwggé%%%%gioS%‘?Fﬁﬁal and having a 7 frequency

value that is a muliiple,value of the fr ency of the conmmon cl ock signal,
WD 01/'52213 PCT/ usoé-/ 007 18¢ 2ppagatgs QP‘FIPP% q@%ﬁflélﬂe FREOEFTIDAYdERR TSI t st ream

of pulsescianghrm@Uuntt RGididten&iRCKserfil B ﬁ?t%rmfr{aﬁ d ée”rﬁ%irﬁ%ﬁl"f&ﬁgnaﬁq rAdl ng

that a ONE is present in the bDit streamof pulses | en counting up to a
pr edeter mopeidieuminakbandandloth inpus ecmimehl,count er recei ving the bit stream of

pul ses and counting the clock 12 pulses, the second counter determ ning
that a ZERO i s presehtreinna tdiil butpusticearsfehe fita6stpud@riNoL@ERbifNg up to
the predetermned value. 1 9. The circuit of claim8 wherein the receiver

i ncl udes KLISKE s Fegl hack to the serial input terminal,

6 the clock signal is provided to the clock input terminal, and
7 the signature pattern is provided to the parallel input terminal, and
8 an exclusive-OR circuit combines the serial output signal of the shift

9 register and the clock signal to produce the encoded clock signal.

1 7. The apparatus of claim 6 wherein the shift register has a length

2 equal to a length of the signature pattern, and
3 the signature pattern is re-circulated once for every bit time period.

1 8. A discriminator circuit for decoding a bit stream of pulses framed

2 with a common clock signal, comprising

3 a receiver for receiving the bit stream of pulses, wherein a predetermined
4 number of pulses in the bit stream of pulses are contained in a bit time period of ONEs
5 and ZEROs,

6 clock pulses generated from the common clock signal and having a

7 frequency value that is a multiple value of the frequency of the common clock signal,



2 conparator for converting the bit streamof pulses to a logic |evel
conpatible for the first 3 and second counters. 1 10. Apparatus for

i nt errogaMng/x22k&nt i fyi ng coded tags, including an 2 inter PEGASOMIOTHBader
(I/R) for transmtting, at a carrier frequency, to the tags, bit streans 3
of data and for receiving response bitigtreans of data fromeach tag, the
response bit 4 streans of data including ONEs and ZERGs, the apparatus
conprising 5 a receiver for receiving the response bit streans of data,

wherei.n the 6 ' | ock
e L0 0 TESPENRg SR MRS RO MR oo o

signal, 7 an internal cloc e common-c si gnal
and 8 9havpui@satlferfathmmyer\da:tanmlmhgthat a GINFud pnepéxﬂ m/ dleutsit stteahef pulsguency of
t he comon, cl ock nal, 10 a fjrst counter receiving the response bit
strealts of %f%‘né}ﬁﬁupégﬁd%%@%nilﬁed y3lug.ii@dc| ock signal, the first counter
provi di ng an out put signal when at | east one bit of data 12 is present in
t he résponse bit st?é%ﬁ@ﬁdﬁﬂumaﬁﬁic@urﬂgﬁbe ditpiredutod prisaeeand enuatinglthe edock 13 a

secongd co eans of d .and clg d
14 thlg cl %<e fHe S%&ndt(g% sec fﬁé‘E Zﬁmbﬁ%“&ﬁ% i steagh p‘ﬁﬁén no
bits of dahén @tﬁﬁtlngﬁp%@l‘i@p}%dété‘nﬁﬁi@d vggponse bit streams of data during the
predeterm ned interval, 16 wherein when the first counter provides the

output signal. a ONE 1S Bhesfllc offaills Wiftrdth incS 0B Ohadel frafdigihen the

second counter provides t out put signa is present 1nthe bit
streams ofongmraor for converting the bit stream of pulses to a logic level compatible for the first

3 and second counters.

1 10.  Apparatus for interrogating/identifying coded tags, including an
2 interrogator/reader (I/R) for transmitting, at a carrier frequency, to the tags, bit streams
3 of data and for receiving response bit streams of data from each tag, the response bit

4 streams of data including ONEs and ZEROs, the apparatus comprising

5 a receiver for receiving the response bit streams of data, wherein the

6  response bit streams include data framed with a common clock signal,

7 an internal clock signal generated from the common clock signal and
8  having a frequency value that is a multiple value of the frequency of the common clock

9  signal,

10 a first counter receiving the response bit streams of data and responsive to
11 the clock signal, the first counter providing an output signal when at least one bit of data

12 is present in the response bit streams of data during a predetermined interval, and

13 a second counter receiving the response bit streams of data and clocked by
14 the clock signal, the second counter providing an output signal when no bits of data are

15 present in the response bit streams of data during the predetermined interval,

16 wherein when the first counter provides the output signal, a ONE is present
17 in the bit streams of data and when the second counter provides the output signal, a

18 ZERO is present in the bit streams of data.



