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DESCRI PTI ON il f HPPARATUS FOR REMOTELY | DENTI FYlI NG AN

ELECTRONI CALL CLE Technical Field This |nvent|onNﬁ§I§ﬁ§sF§gh
systems renot ely m@aati fying el ectronically coded articles, e.g., I'C card,
tags or badges cularly, the invention provides an ab|I|ty to
rapidly identi MWMM@HHNH icle, even when nultiple articles are

si mul t aneousl y an interro@RICRIRFEA Background Art Commonly
assi gned U.S. pat éf®0®2*5 502, 445, issued March 26, 1996 and 5, 491, 482,

| ssued February 13, 1996 di scI ose a system and rret hod for renotely
identifying el ectronical | WETHQ 2 ; R 18]

| i ke). Each of these I%I\ﬁ&tl’s{fl@( @¥%L¢'%¥% g@ %ﬁ Cg%%beﬂﬁﬁﬁﬁ The
system (I/1 system 'S conprise I/R) unit
(also referred to as sinply an mtéﬁ’ﬁgigaxﬁé_%h@_é plurality of badges. The

i nterrogator sends qm ;g qr%\t%ﬁi Gl atlds 18 HRFOSHs WbRbBegydefined area
near the interrogator, , the interrogation area._ C rCU|try wi t hin each

of the badges isledtddsda f?equ"Ft’%’rWé’gaalt]rlbrF%ql%a?r’éh‘ale?n feSponie €ardne

i nterrogation tslg@wairh Hatydmndgasmdd Gt licxalhsrgﬁal tRackntenthén f .
interrogator. From {he respansiyve .signa e, int errogat or entjfies eac
of the badges B &y A (é;%EﬁrF?é%ﬁﬁ%ﬁ#%nl%%%Bﬁgﬁ 8n?8d?ﬂ aFEfﬁf
signal . 18bre spami fwrcea'i Imp 1 wigrle drtieldadges somtataseauplyr pkesgnof ihD

registers (e. i p-register, and so on) that store unique
I dentificati o%i val ueés}lroeg.cgtsloq{ I%Iﬂeough a particular value in a particul ar
rebi st er i's not unique, the values Backaxounsl Ant of registers taken
toget her uni quel y idgatdd, thes hadae. y Toe ﬂ)é‘\":éﬁwg?t §52Ga¥ges ;gaghabadge to
retrieve the identification values and send the valles fo fhe

March 26, 1996 and 5,491,482, lssued February 13, 1996

15 disclose a system and method for remotely identifying

electronically coded articles (e.g., tags, badges and the
like). Each of these patents is herein incorporated by
reference. The system (I/I system) is comprised of an
interrogator and reader (I/R) unit (also referred to as

20 simply an interrogator) and a plurality of badges. The
interrogator sends a microwave signal to the badges
within a defined area near the interrogator, i.e., the
interrogation area. Circuitry within each of the badges
processes the interrogation signal and, in response to

‘ ) 25 the interrogation signal, the badges transmit a signal
back to the interrogator. From the responsive signal,
the interrogator identifies each of the badges by
analyzing certain modulation encoded onto the return
signal.

30 More specifically, each of the badges contains a
plurality of ID registers (e.g., an A-register, a
B-register, and so on) that store unique identification
values, i.e., although a particular value in a particular
register is not unique, the values in a plurality of

35 registers taken together uniquely identify the badge.
The interrogator causes each badge to retrieve the

identification values and send the values to the



- - 2.2 0 MAY 2002 |nt errogat or. To acconplish badge identificati ord, Ot NAY 2002
-,systenlperforns a "two pass" process. During the first pass, the system
generates an interrogation beamto activate the badges within the
interrogation area. The 5 systemrepeatedly sends an interrogation signal

‘t hat causes the badges to transmt values fromtheir IDregisters. This

pass causes all the values fromeach register to be sent, i.e., request the
data in all thenteregisters ofoaddcd 1b§ﬂgsad§et muanfthfflblaft%hogehéon 10
area, then request data fromall the egisters, then all the Cregisters,

and so on. TheYUeHliPFERY TR Qai'*&‘é% B?@sstBFEEleFﬁ a O¥FpOCeithodprad to
the interrogatmass Thehe ospsit e géﬁ@rsaéegaﬁlZﬁﬁekbegﬂahuﬁsbbahotgrOUDS
defined by the Ce her w.thin t e fraoamwhich thg,val ue
was retrieved, &P \?‘lfnt‘éeac]r[ﬂg ?%%dw\l/g#‘ﬁ% Jggesf'B &g oﬁaﬁﬁ‘oé‘r PEY 3t ha‘t::‘m'“e

corr eI at és thesyatqemuseyaatleélw séndbeanainbesrrggtiper sigbadi ngas& "second

pass’, Lhe calgegoibZetng! BiRgear Loserhdnby $81dLA0 DAL I4;9! 1podi ng

conbi nation t adges e Co |nat|on 'S derived from
an anal ysi s of FeGéSEaFegor Thé8 paraesausne 3 écﬁihiec"éédlleﬁg fzombeaahi ons

uni quely identiéyisberbagddget Baht! espandsrbgukBe %%Oatitlantl%r rzqgatinen
signal. To accunul ate the data Bronlthe I D registers, the 25 present system

repeat edl y pol FsTERESHEHTGES tRat 5Pe RREERA WAthHe Fﬁ@e%ﬂi$QQQQ@t&P@a to

retrievad he r&geal;ethdﬁt feqhéstegathefraf allli fhe B_Qegl%kkxtshethen
A-registers are 11 t he register and, s f|nl§ Thi s one-val ue

o] t hen
at a tine procds g kg S Grafpeg §r§V0ﬁP§ EOTHQrefipg Hﬂ%&%& &t iR&ed in the
art for a systeaiaad aeehetioted iaphdbpmpdeatltpmpgem.MGuuﬂaty of

el ectroni cal | y; EQQ QQ‘EQ‘ES @g%@gp@&f th@Yae'&talt%gg E]Tezh %%%”%al’&‘é%”“ on

overcones the Qi sa tages eretorore associ ate prior art by
providing an i M@‘F@vé@oapﬁl ged inkdt byubbeaspegiiifyic mﬁ@@n h@-tsm@ed—l’@f a

remote igdgenti fbﬁabboﬁréﬁs%ﬁﬁbhsﬁﬁ@ heakl ¥ast Betrickdd MY L2002 4ch3
invention is a s¥stem and a concomi tant method of operation for the

system conpri SPRYTRCE BeLp8nisaFtpresddad &M fEreY( &haf cornelateseither
badge, a badgeyvatagusarvdlibe kiik®) thanvla&tlehrsog@tgqrste&!yi amapyg er. The 5

i nterrogator transnlts preQefl ed c nnands a radlo frequ e.g.,
m crowave signaPSoPRg. PaFRe 1 rfr?‘&r FBS&F(?FLLZF r?ﬁ%tsé’}‘rrtg’(fg??yon si gnal .
The badge i nt espnelb.slgt parcdondads cadd nigr ammmmtadres:;mrtma/eaaﬂ@mlwhe‘lﬂm :

comput er, c?he” Qf’r]lgcg:ggiﬁ%gt '&%{nﬁs%'éft'l%g; ‘1%‘ &QL\}eQF?:IJr&/ tr{‘ ri'aolrll(’; 2406 ¢ ML

specifically, e“contains a tor cessor and a
nodul at or, whef@telgerdarsdviadues an@h%@@eﬁl&l%mmlmm#mﬁmn

antenna for I eq@ii R v NlRintQe3t k@R HadiiRl S:}Iarto@eaébdx{ﬁser{&%&rseéoﬁqdrhe
denodul ator is capabl & of denodul ating tthe interrogation signal and

provi di ng an erd@d@EF IR e Sii@Ralo the signal processor. The signal
processor contains FoC@dtidiul e ighd ditdad draecderID arepigesnd oreland a

Pl Lrali t¥5 of | D e&.%' sct esrysstcecr)nntr%prgaq:%dc_lpdemqudss ‘é}peatbadges that are
w1th1n in the interrogation area to retrieve the registerx
data one register at a time, i.e., all the A-registers
are polled, then all the B-registers, and so on. This
one-value at a time process is relatively slow.

30 Therefore, there is a need in the art for a system
and method for rapidly identifying a plurality of
electronically coded badges.

Disclosure of Invention
The present invention overcomes the disadvantages

35 heretofore associated with the prior art by providing an

improved article that substantially improves the speed of

a remote identification system. Specifically, the



.. 20 wniquely identify the badge. Although many instructions are ddcBdMAY 3002
“the instruction decoder, the instruction of interest is the instruction
that "sets up" the signal processor conponents for responding to the
interrogation signal. Wien the unique set Jip-instruction is received, 25
the instruction decoder resets the counter to zero, selects a particular ID
regi ster, and enables the conparator to conpare the counter's count val ue
to the sel ect ekhvenfidyl sitera &iffitan, xd & quec@é%t%mtlmsthgmpbn is sent

by the interr A idheEd MU WAHU 3EIFFPSIAS é‘ éf‘éé’cfé?ﬂ@é{fl W

signal and produced as a square Wave signal having the sane frequency as
t he CW si gnal .cogdrd s@ﬁ}:alr"é-@/va(\)% i grial LY 4 e B§dse and Dé@@et otageck the

counter. Thus 441 @INt e J NAL BN S GLYEF Y A £088hpusesl | afhy, the
interrogator, which is 35 prOVIdI%E%the CNVsl nal contalns a simlar

circuit Phat iiRYLIERIARYN AN RIRAR L LR @r%ﬂ@ﬂ???%duﬁﬂwﬁyélEédlﬁs
such, the badger&pusrieyf ea.r‘gzl )nﬁﬁfﬁm@rsmprlaée tReOiNA¥r20Q3tord

synchronlzed t each coun counteri a? 8 ounter val ue i
compared o i SRR DT RS U (oL Phenar 05, SoRER ARREFERSEECur s,
t he conpar at ortlemaldmesarkdd hendrottaedroit$ ox téepons aveosighalhe Theck perlod
and the mdul algle o6l Ontlielrg%%?céf 0o ALt ELLQOALAT aaheR ot BELOL 81T agat or

detects this nd ores | s 1Tnternal coun ue ( I'ch
is the d@ne asbadgecurrent badge count value) in nmenory. This process is 10

repeated for each 'ﬁbf@%ﬁé@ffﬂé‘éliﬂh@ﬂe h@a@géléohesmneou egmoanﬁaeemwt er
of /R unit then correlat'es the receive i ster val ues of

all
badges t hat r ed pdheRyt t%F?%%S?%¥e??%g%l?%ﬂu§?§%ﬁr VPFﬁetﬁéesﬁéEPFP&aIQI

regi sters thatamergo@elaesx Ef@na:dsdirpledntﬁraatomont Betenhar £egat or can
performa second scan identifﬁFeach e. The

b d
second scan prBﬁgﬁévfggdfgg?BE%%gFhoﬁe§é??gg %F%W Aat & e§r§§§ %%s. Bri ef
Descri ptison of ThRAMENGHPOtdIheis eaghpahyys of Hemodnésennhg mhenti on can be

readily under s od. bXggo0shdst bng, L0gal obbovhanedehalhedodes sriaLian in

conj unction wi cconpanyrng  dr awi
illustrative sthethei gignayranroesaoes r@hﬁtélgﬁéhtprp§&§ﬁ@w §p®¢@#ﬂﬁhat

utilizes the tEBﬂﬁE@kveénbi‘HlérQEtEBﬁ aEEsast, Iaveehb%at%lzg and las a bl ock
di agram of the franscéiver badge of the present i nvention; %@aFnIS a flow
I

di agram of a pPdBE3SibY PéeﬁPlF?Bh@tSBSaCPQEﬁFEPngSSQGWEFFFC
accordange W tna u@mﬁ?OQdé’ﬁﬂh‘.f fthbeblaakjentlﬂmthEIugh fhainy fin\&&.\tﬁchflmr@nd

timng dlagran1fox the.tra ver and Fi i s,a hlock diagram of
an i nt er r ogat oPT5f 488 BY ﬁ ﬁtlpﬁgﬁﬁftb atcBue?,' Tt Trdthudids

of interest is the instruction that "sets up" the signal
processor components for responding to the interrogation
signal. When the unique set up instruction is received,
) 25 the instruction decoder resets the counter to zero,
selects a particular ID register, and enables the
comparator to compare the counter’s count value to the
selected ID register content. After the set up
instruction is sent by the interrogator, the interrogator
30 transmits a carrier wave (CW) signal and produced as a
square wave signal having the same frequency as the CW
signal. The square wave signal is divided by N and used
to clock the counter. Thus the counter increments on
every Nth count. Similarly, the interrogator, which is
35 providing the CW signal, contains a similar circuit that
increments on every Nth count of transmitted CW cycles.

As such, the badge counter and interrogator counter are



. To facilitate understanding, identical reference numerals have be2r]) ysgd.anp?
where possible, to designate Z 0 MAY 2002 - 5 identical elenents that
are common to the figures. Best Mdde for Carrying Qut the Invention FIG 1
depicts a schematic illustration of an elegtronic interrogation and
identification (I/1) S system 100 that conprises one or nore
interrogator/reader (I1/R) units 102, pne or nore badges (tags) 104,
respective trafgiéiremizéecei ve antennas 108 and 109, and a
central 'conputer 122. The I/R units operate at a suitable radio frequency
or microwave frequehty23my ﬁﬁp¥?d%§n¥ e FevBheve thadPaderéguenspfepeans
106. The badgesal®d {swhisfpamédued yrheessléyreadivi dughseapl oyegs) are
i nt errogated b{ t he gqﬁgs 6 transnitted fron1t?g di recti onal antg&na 108
of the /R uni tS90PT051 t i TheY RtNAETB_cPRGF Beaf1BnS OMBAEAPFREDAPLEE02
i n additbon, lthdasodulater vioy tin edmeaddOnwhichhésctbokepyrsbdi kad to the
transmtting h j 0] C cted viare ctive
cabl es 120 toagﬁggﬂg?%ﬁgkgﬁké%éégaggéﬁfﬁétﬁ%aégﬁrggggfrggFﬁarrntgﬁgggated
via a mcrowaveh®ebmtdoeodaodr adeteR ainthisorodulptidign eigndlbadges 104

reply electronjcaldy byst{fnerhiii Agumte "PSuhat egnskanak dleﬁgksg.ﬁet HE the

receiving antenna 109 of the /R unit 102, The nodul ated sign contai ns
vari ous identi$HEERTFBNPIRTYIOUREL VatEe bt bReBePArEachTBadgeroTREShidges 104

thus uniguely fﬂ@@éiéa tHENBEENCSD | PegiZBeRCaAREHANERW hAvVENGNA been
respectively co ﬁf’ el ectronically stored I D nunbers. As will be explained
bel ow, each baldge ®8y be coded with any one of over 2NxH - 1 different

nunbers, where N i sThéecompbeerodf | D/HataiteghshecsraadaBeiss thee number of
bits per register,. spQn_as. a,_bad 30_h n.identified, . its
el ectronic cir%%??lY dp?ﬁcﬁ%gfﬁtaﬁ ?%%E%Fv§§ogfip3§5r888ﬁﬁﬁ ﬁB&% such that

the badge doesrespoudadi hoethe imtpondgédbiohesigRalnivitbO2hkospeailfdey as
(hat badge (onggqilebos brge OPOlpbLEdY. [ CPRLASLHRENLA-LORLEIRME Qhet N

beam 106, or tt does not 35 respond until the inactive node is reset
by a specific 3P§REFOGRtOF. Can PREEPIH| gnapFOond SCen\VRY 2bhg2badgesFig 2

depicts a bl ocknégagnam@ént heyt eaRECBaMEE .badde @4onl RANPEHESEREs is
i nvention. The traTscelver gadge1104 contai ns _an gng%gna 200, "a squarer
202, a denodul Gt8F198%9 AnsPGRAFL prBclsSor P366%4nd 12Y% +#ddul at or 210. The

antenna 200 receives an inteBgagst Dencsigndbnt b&nSmattiedsby the I/ R unit.
The ant a 200 is p o] uare 0 iLthin.which.the interrogation

si gnal ﬁgpconvertedgﬁﬁtgggcbéagg ?%vépésﬁﬁgé%ng ggﬁgﬁfgnlgfglifignal is
coupl ed to therderddyl andersododhbyhcodséterangs thiendioy lemiode dedannmads or
data fromthe pecei-ygdishonal SonflRcdeBRINLHOLNGS sEoupled Liad he signa
processor 206. The signal procesSor 206 processes the 5%0 Ul &t ed signal s
to deci pher anf*p¥ifB&ul &R FR4EPEcti ons contained in the received

interrogation Fig. 1 is an illustrative schematic diagram of a
25 remote identification system that utilizes the
transceiver badge of the present invention;
Fig. 2 is a block diagram of the transceiver badge
of the present invention;
Fig. 3 is a flow diagram of a process of identifying
30 a remotely coded article in accordance with an embodiment
of the invention;
Fig. 4 is a waveform and timing diagram for the
transceiver badge; and
Fig. 5 is a block diagram of an interrogator of the
35 present invention.
To facilitate understanding, identical reference

numerals have been used, where possible, to designate



15 signal . The signal processor 206 al so produces a responsive si §rihIMAY 2002
(e.'g., nodul ator enable signal) in response to the decoded information in
.the |nterrogation signal. The responsive signal is coupled to the nodul ator
210. The nodul ator 210 is coupled to the. 20 antenna 200 for transmtting a
‘responsive signal to the I/R unit. Mre specifically, the signal processor
contains an instruction decoder 212, a frequency divider 214, a counter

216, a conpar aidentAil aﬂcén&rfﬂsuﬁaiatt Varef ddmnkin regisiersig@2esont ai ni ng
codewor ds t hat unlquel, iLdeptify the badoe. T-e de -dAIator 204 is coupled
to the instruction dectdd ' e T o decote >12€8nds control
signals to other deMG:.esl, dﬂmh:‘t&s atm:mmatm J‘ZJJ_'B.;stJl'mtr@mrp@I adr 218 and

the I D regist gng v om d | at or 204. A
conpr ehensi ve%rl st [ ns"t ee% (#%s at—ar e{%e?rg%e]gls%;d{ S ﬁm)fjﬂst ruction
decoder are prsgWteml IG0 B&it pamgrisemisne Bmgrlomzmtrmrcbg@m@ma@em der
214 divides signals {8 the 3%0 l@gq‘{ogé)zog}yg& T@g%lgfum@r 216 is

capabl e of countlng each Nth ¢ e and can be rese I hstruction
decoder 212 téﬁ?RﬁﬂﬁﬁVQﬁtEQﬂﬁﬂltﬂﬁfqrﬁQQQkﬁ?cﬁPteQP%Fh¥@82®w@ 1Q@coref 212

resets the cowtcﬁrm&&aﬁl adhguiieed reppiencyheli virlein 24 ¢pef@§@0@§eato a
set-up |nstruct| The ¢ ator 218 can co are the counter Iue

(DATA-A) to t &Y LR Tl CQIUSRCY, RF MR YR ‘?%“?%@Ys?‘é sinb5ID
regi stei8 220 thaseshion rmxmtcmivé ogtad ofmeqnsemmyllmaxdecbﬁi@r 21Re I D

220 I I
code, g, o dBdae e CURAT SRIEEY 198l CRTL AN ELh iR f cPpalotfe L |
rgsponse to a mmmmr@gmté ks_y gt e aasickE6 b‘yraﬂnsniﬂtedmf)amat Bhe 218,
rodul at or 210 gppld efode il aLed SOTGE L0, 20 €703 200: bl sc pdaa L od

to the I/R unit. Int oW n exahn;f) erencels
regi sters A I@t(§%%ﬁFTF E%Rﬁﬁ%ﬁowmic @%h8163t§n%Fdé°2}tlghéﬁﬁﬁtb@“r

under st ggd, hoykyes,rddaivihe@ ARVenia onogapnhiléhuse awsaypbgimgiafegbsters
or register wdths, F@ferrlng now al so the _fl ow ran1 B FIG 3 and
: REH LR olo

the tining di agtantBIREMEETHIT PRI h of¢h hFFo eBffis at step
302 and proceeﬂsnﬁecﬁé@pvﬁ&4xmh@é@tnva.sablep lmettuca|09nt3a$ent fromthe
i nt errogat or wh o) €. Lastruct]

sets up the corr%naé?% g%‘% toﬂ(glo'grr]%glrEeJ '?ﬁ%gvé?ugéggg gé{%gg%gS% 1% %o t he
contents of thelct\rwgvgtmamnlw fegnsaer §/R20niThi82ged bpdgAseruction

al so regefs CQHQ&&ésZi@4afggﬂ%véféétggﬂlé911§r9y LeuRghatehygakt er 25

transmtting the Set i ns ction, an unnodulated rf sig é nown as a
carrier wave (M“%Pﬁﬁﬁl $1ggairBASKi £ eBNByTERBIVANE PB‘@&PBP 182 psiepe

306) . Thifs Cw ﬁygnahlts109nvemedmbc_yulQeeaqgagﬁal2@3ntaaﬁsavswa&e wave
version or In

put s al Fo (i.e,, signal Fo')., The 30 _diyvi 14 des
t he square mavééi?t%gfcﬁgloéyvﬁﬂ%ﬁﬁ,gggLsaEﬁ SFHEQSOﬁHtEFCglg égal %k
co;nt each Nt hbaggée. 184 nuhtanenighylyaidentdéy Bﬁémaadveeumher 502 in the
interrogator 1 g o tted
oW st g s naecPRSEaSknrith BhERL “GHEPECER LD, EBYE P olpctEBnnERISY
transmitted bystﬁéeﬁnﬁ@rﬂéghﬁﬁﬁ, cbanvelé QQGEGQQaEOEdab@lQYnCﬁﬂ@ﬁlzed As

badge may be coded with any one of over 2" - 1 different

numbers, where N is the number of ID data registers and B

is the number of bits per register. As soon as a badge
30 has been identified, its electronic circuit is placed in

an inactive or "power down" mode such that the badge does

not continue to respond to the I/R unit 102 for so long

as that badge (once it has been identified) remains

within the range of the beam 106, or the badge does not
35 respond until the inactive mode is reset by a specific

signal (e.g., a reset signal).



.2 0.SAY zooa -8_ such, the transceiver badge counter generates a chuhtMAY 2002
value and the interrogator generates a count value "copy" that is identical
to the count value generated by the transceiver badge. 5 Wen, at step 308,
the value in the counter 216 equals the vaiue in register A the conparator
218 produces a signal (nodul ator enable) to the nodul ator 210. The

nodul at or 210 applies a signal to the antenna 200 (antenna nodul ati on

signal) for the durﬁmsgnnJ&bﬁ&cﬁ$eaNErbékr@aa?%émV@k £ﬁéeer§AQ%e J8Es
si gnal appllegh % an{ ﬁna 200 can be related fo Fo', such as telng sone
multiple of F 7€ a @ o?#éﬁ?elPF%ﬁﬁQﬁl*QVE?El%ndlvTﬁ%nHraFﬁﬁévﬁﬁr if two
or nore tags hwa@gédymn|@@mtaﬁhye§nl&m&eﬁﬂarzg®$t&r§qu§§éb wobl be
transmtting this 5 |dent%¢§ nal ft substantlghéy entical tinmes.

o % ag

Waer eas t he S|%ﬁﬂﬁ ¥ 3Rehi 1981 WS BT TR E uRd be different
i n phasesSby 18fedwlétorezpect The ezwtemtde?(0crecelilasi an Qﬁtéhﬁogagmﬁhs

coul d occur. b r 1S ¢ r t
ot her means knogéﬁég %%%%%ﬁ %g%ﬁg $€e§ ng%h% ar?ﬂgs%c egg b§8lnéfud|ng
separ at e OSC|I¢@m@l%d|ﬁ0e%@%abéﬁg%02|%l%hhmh@hl@hbbbﬁnenterrndandual t ags

coul d transnltsﬁénEEHQQ”&éhG€§tQ&riﬂﬂotQEIQ iétlQGles§ n%ﬁh thE th?Eva
) The antenna podu] ation signal ap e antenna 200

transmitted tol %ﬁﬁld%f%ﬁ?%dlﬁycﬂ%Pgﬁ?o?oSE@eo?eWﬂFBFPBﬁﬁt8P41621C0hen t he
i nterrogat or lgitﬂ@&egtslhaﬁyn@ﬂ@b@é@dcémﬁaﬁhs bEsdeedntebni Bekcates the

val ue contained in.the A reglster_of LD sters.220. For exa t he
timng di agranfBFSEYGS ilﬁ%giﬁts The %EWﬂﬁg%Fﬁ?ﬁrl§n88P89§Pgﬁ8rEgEcurr|ng
on) a count of $hgeel psoseshoth20@.reDhsteignabt prosesbervabdepebctbses. At

o1 312, Lhe LALextagalonssantigngs LaSELLLING B ONsLansladnt T N x, 200

cycl es have been-transm
represented 35instanceighs- bontaageéten)thefrehemeearennaktpghELbadges 104

in the ficel d Oglgﬂggat'@Het%tﬂgnalzPQOQ@é’sSQOéOG' BLe6! 93LAELOZ Y recel ve

mul tiple respons urin not ed above | e badges
104 have the sﬁﬁﬁpvaﬁﬁée ﬁlsﬁéir A- ﬁegl@@@PlaFﬁéyeﬁFPﬂGaéﬂB@&ﬂé fhei r

nodul at ors 210résFyh§anE@U§hé ddBedédi thesrRERE8h iQZtR%eqn@@EreanhBQUIsh
bet ween one or adges 104 .simultan OUS|§QUB§8thIS p0|nt t he

i nterrogator 16?98ﬁ £88s F8P88§éVﬁ1ﬁégPﬁ t 180 ge tP04 Pesponded at a
particul ar tlnmodunaespondOng Theampdulatakal 1h- tegcsu@ledaltaethd0 At step

?ﬁferﬁggg ggergﬁgﬁgﬁ? 188 ¢steLiLASRiYPehECh 2LipbRgibeIILehl RAvenReen
I/R unit.
More specifically, the signal processor contains an
instruction decoder 212, a frequency divider 214, a
) counter 216, a comparator 218, and a plurality of ID
25 registers 220 containing codewords that uniquely identify
the badge. The demodulator 204 is coupled to the
instruction decoder 212. The instruction decoder 212
sends control signals to other devices, such as the
counter 216, the comparator 218 and the ID registers 220,
30 based on commands received from demodulator 204. A
comprehensive list of instructions that are processed by
the instruction decoder are provided in U.S. patent
number 5,491,482.
The frequency divider 214 divides signals from the
35 squarer 202 by N. The counter 216 is capable of counting
each Nth cycle and can be reset by the instruction

decoder 212 to a count of zero. The instruction



S'steps 304 through 312 are repeated, except that the instruction 2 0 MAY 2002
- transmitted in step 304 is now changed such that the conparator 218 in the
badge 104 is set up to 15 conpare the counter output to the contents of the
B-register. Simlarly, steps 304 through 312 are repeated for the G and
'D-registers, i.e., until the condition at step 314 is true. After this scan
sequence has been perforned for all 20 the ID registers 220, the

interrogator HeZodH @1 reddtd e tduPassi bl e &ﬁ@'éﬁ@rff g% for each
)

register and for a %aidgeslocated within the field IEZ i.e.
the int errogatdilterCJfrre \F&SPQWSW%%I%‘E%@E@%"%@W% &opresBie, the

i nterrogat orI mbgmes;d d10t2 125 detovit osbp a:f%aaie afouegest ealyal yfgﬁmlzl b@ctbjolng
to a particu a t et erm ne set of val ues bel ong
to each badge%ﬂ? q"rﬁn% h‘eﬂ}b%g%: %’8 3181 YE o gm%?naaf:ﬁuf?ﬂbs{'%rs in
perforneﬂ at §KéuégmitéﬁﬂsQ%ﬁuhasédtdmaqnmmEsb legideftomnainsorudreidsecond
pass" 30 porti de fig n e b h
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for the badge ctach Nes ik ed rm FsuB58 & Dt tc bR F&OLs €58 5N EgSPONSE
time Tr = 256(N) 1/fs)et where f is the frequency in_Heftz of the CWsignal.
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seconds. The pro uct ). s actuall erjod, ,Pr, for receiving
data from the BadR éﬁ%&iﬁéﬂ?&??hﬁ BﬁﬁéﬁﬁktE%Qe g bﬁggﬁ oPP8thits, the
tije to transmt thEnstmm foneuwming rexahpee | ntefepgater is0Rate tberadge
104 is approxi e ) e IS ri,0 r

transmn ssi on rg%f%éé{g'%he badgeM@Og %%?htﬂg §gg¢hrg§|§tg%gg hdentire
scan tine is thersfopkd lge (unReysredd+ (GeeyeL). thhe abEuahvenneomathnbe

somewhay sl 0ngegs dugn{ OnS¥BEr béﬁsré‘&ﬁsgé% et %@smseemne%hsDependl ng on
the transmt and receive bit rates of the system this could significantly

reduce the tinReREEIRSIPH PLFPoFth BIEi FLPWSEARTFBT Phe TS -cdnpRrellBo 15

the process dlﬁghpﬁ@ddmgﬂaxﬁ oﬁ)aFEGt punbre bpbRar44h. olfnthaatmirehhgdn for
each possible glster va each égskste te commuand
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counter 216 to the contents of the A register in ID
registers 220. This set up instruction also resets
counter 216 and divider 204 to zero. Immediately after

25 transmitting the set-up instruction, an unmodulated rf
signal (known as a carrier wave (CW) signal) is
transmitted by the interrogator 102 (step 306). This CW
signal is converted by the squarer 202 into a square wave
version of input signal F, (i.e., signal F,’). The

30 divider 214 divides the square wave signal F,’ by N and,
as such, the counter 216 begins to count each Nth cycle.
Simultaneously, a divider 501 and counter 502 in the
interrogator 102 (see Fig. 5) also counts each Nth cycle
of the transmitted CW signal. Since the counter 216 is

35 counting based on the signal transmitted by the

interrogator, counters 216 and 502 are synchronized. As



-'30 For the case where one badge is present, having four differentzdhﬂﬂgszmn
its registers, the prior art nethod requires a m ninum of 784 conmands nust
be transmitted to the badge 104. O these, 272 conmands (those with a "?")
must wait for a response fromthe badge. _Agsunm ng 8-bit 35 conmands, a
transm ssion bit period of Pt, and a single bit response tine of Pr, the
time required is 2 0 MAY 2002 - 11 6272(Pt) + 272(P=). For conparable

bit rates, thi suphi,omhertranateaobrr Badigee s otdteird gealing tear @ toi@tt han the
t echni que described abqv

R i.e.. the prior art scan tinme of 6272(Pt) +
272( P=) conparga ] Pﬂg g@&anFSEIBFaEHE FENRFETE R GPUEH PRlue {69RYP=) .
Al t hough vari othagntisdiiaentscalli tb itheocpanit galhe igeaehiatgs ofy the present

i nventi on have escribed in detail herein, those skilled in
the art can regggﬁgcggggge%%g Q other vari ed enbodi nents that still 10

i ncorpordte these t@é@mhng§ step GOBAYth@OXaluk? inl t@eAckBnterAgddr at us for
transnitting aealuqa@ thd LA3RANTE e AR & r QgRl iom ﬁz%r{%lr %%p“ sing: a

dermpdul ator for ‘denpdulating said 5 i'nterrogdtion sigha si gnal
processor, couBF@éuFﬁssélél@@ﬁéddW§FGﬂaWQQ’%ﬂﬁ@éﬁﬁréﬁ idiea set up

i nstruction angobin atirt 2ati.ng TR eC aldEa tod qu)n qle%s 0fs igr@ar kloefcneave
signal contained_.in salgoiqterro tl%%ﬁﬁ nal ; akﬁ % nod Iator coupled
to said signal aREERDEs 3P0 Hante ¥§“b@¥ﬂ§ O&ai dyF &t ion
processor0 i ndi edt ehet Nath sdme dottetefalhqstaip @ivoed a’mﬁ.l.tntsﬂ@alle appdtied

natches a codewor tored said,signal_,processor. 15 arat us of
$|n11 mherelﬁ%s%i S|gn§P%pr8@e§ o%egg ffgés °ah RS ﬁrﬂétﬁgﬁggéggder,

pled to sai dotemmiblltatpdre, o&oﬁoynberarqﬁbngesaldnsehiup Fpstiguction; ' a
fIrSt frequenc%i%ggé%%[ f%%déJQf? q ‘Q%% or more tags have identical
values in like registers, each will be transmitting this
15 identical signal at substantially identical times.
Whereas the signal transmitted by the two or more tags
could be different in phase by 1802 with respect to each
other, cancellation of the signals could occur.
Preferably, therefore, the signal is generated by some
20 other means known to those having skilled in the art,
such as by including separate oscillators in each badge.
In another embodiment, individual tags could transmit at
random times during the duration of an Nth time interval.
) The antenna modulation signal applied to the antenna 200
25 is transmitted to and detected by detector 503 of
interrogator 102. When the interrogator 102 detects the
modulated signal, its counter indicates the value
contained in the A register of ID registers 220. For
example, the timing diagram of Fig. 4 depicts the
30 modulator enable signal occurring on a count of three, as
such the A register contains the value of three.
At step 312, the interrogator continues transmitting
a CW signal until N x 256 cycles have been transmitted
(256 = 2® = the number of values that can be represented
35 in an eight-bit register). If there are multiple
badges 104 in the field of operation, the



20 frequency of the carrier wave signal by an integer value N to%PoMXemﬁz
- first divided signal; a counter, coupled to said frequency divider, for

. counting cycles of said first divided signal to produce a count value; 25 a
code storage device for storing at |east_ qpe codeword; and a conparator,
"coupled to said code storage device and sald counter, for conparing the
count value to a sel ected codeword and produci ng a nodul at or enabling 30

Signal whenevan b Rauit 103 Uyl S O6b B! Sl LONENDT dr Bng ThE
for

apparatus of claim2 furfher conprising: means u?ator
signal, wher eiTSaiRFIRRU atfsy NGHTS rﬁht%"%al%lf r\‘b‘él)clT-be? %@@ﬂ% HQ4 3Bayp

ant enna nodul ameorsasnegnaalmmam &mamm@gmtéﬁ etRby edi Dy setdvavdul at or
enabl i ng sign

st.em f dentlf ctro cally coded 2 0 MAY
2002 - 13 ar%}ﬁ %5 3;1 r?li’?ﬁle‘%/ lE‘C(‘)jreyfor'fl}f‘?ansmtt| ng an
interrogation isitgﬁmdog:admrallrﬂQngxeaadsatompiimtsimgmisnnbandeencene| er wave

signal; 5 ac P e g%ﬁgjee.g 1 té‘l J L HL 908 ﬁ” &E’%R@C ?fnjc‘g he

responsive sig |nterrog I"on st gnhal- " an el ect ical 'y coded
article for rdspEriagptar sl amterrerps i oh @e‘gaahlnerrphasl agnel0 a

denodul ator f gy atddicb il dite pgr@g@i&@ﬂafieﬁﬂé,car%ggahd%gﬁgsfsg;,

coupled to salcji enndulator for interpreting a set up Instruction
initiating a ébmmﬁﬁqui%ﬁnﬁnngkﬁﬁﬁicﬁa¥W% carrier 15 wave si gnal

containgd in said ixd edteqgadion &@nﬁhte@r@@alﬂ&at ob2 geveLRUnts wakensikgnal
processor, for_transmitti S n sal d signal processor indicates
that a count erdhast ‘?t’é’?‘?fe%teargthﬁ] Y/g?% heET 96538 %d@%rd stored in
sai d signal 2GyEmced®brthrough 312 are repeated, except that the
instruction transmitted in step 304 is now changed such
that the comparator 218 in the badge 104 is set up to
15 compare the counter output to the contents of the
B-register. Similarly, steps 304 through 312 are
repeated for the C- and D-registers, i.e., until the
condition at step 314 is true.
After this scan sequence has been performed for all
20 the ID registers 220, the interrogator 102 contains a
list of the possible resister contents for each register
and for all badges located within the field of operation,
i.e., the interrogation area. However, if multiple
badges 104 are present, the interrogator 102 does not
25 know which set of register values all belong to a
particular badge 104. In order to determine which set of
values belong to each badge 104 within the operating
field, a sorting routine is performed at step 316. This
part of the process is identical to the "second pass"
30 portion of the identification routine described in the
prior U.S. patent 5,502,445.
The time required to “"scan" each ID register 220 is
the time required to transmit a scan instruction, T,
plus the time required for the badge to respond, T,. For
35 8-bit wide registers, the response time T, = 256(N)(1/f),

where f is the frequency in Hertz of the CW signal. For



5. The systemof claim4 wherein said signal processor conprisesZ 8nMAY 2002
i nstruction decoder, coupled to said denpdul ator, for interpreting said set
.up instruction; 25 a first frequency divider for dividing the frequency of
the carrier wave signal by an integer valyg N to produce a first divided
"signal: a counter, coupled to said frequency divider, for counting cycles
of said first divided signal 30 to produce a count value; a code storage

device for st i aimp FaSdi SNes £98eN05 %k, aaﬁeaeﬁeﬂyargg ofOLR edpto said
code storage device and said counter, for conparin coun value'to 35 a

sel ected codeweP¥EHM 1 CERRTSECEE bRl armed ehﬁbﬁpﬁgogignaelmhenever sai d
count val ue na@c@e?rsaJQv eggggggscodgﬁgrgrodugto N&Ylaqg étuﬁll}he
u

systemof claim5 Tt her conprising: neans for providin ul ato
si gnal , wher eitrhe Pt nRRrH @f or Pir dieshines ssigh in QatfoTFOI%mjh%\Ib%%gEan

ant enna godul aAs@@nﬂ@nehev@&ﬁnéﬁag H@@lgl &t Qéngﬁh%fn@bbﬁfésbytﬁ@' Hime

nodul at or enabling signa respodndi ng to an i nterrogation
signal within & %¥%%§$bﬁ|€%?l?C%%d%ﬂm%?ﬁﬁcféoﬁoﬁﬁﬁléPﬁQrFﬁ€a§Pépé éf to

receiving sai dtm@tlead@gaimm@gppi—o:lﬂmsf)@n?l (BNgxa(8ef, UbhdAStF UG ON
foll owed by a carrler wave nal ; d|V|d|n28the freq uency of the carrler

wave signal by“3® Ph?é@%?lQ I RT NEFRNPPOTTLRTCFi FatadEei 888 BREASI 1045
counting cycl eBot nthai flobtrsegdsveded 8h9nahtﬁﬁepE;QéblC@lﬁeCQBnthé@blﬂere

T gnal When sl BUEbULRDY o e EHEE)car AR BoBkE Wl fentan 1] B scReRRal
longer due to sync bits and gaps between commands .

) Depending on the transmit and receive bit rates of
the system, this could significantly reduce the time
required to perform a first scan routine as compared to

15 the process disclosed in U.S. patent number 5,502,445.

In that method, for each possible register value, and for

each resister, a multi-byte command sequence is

transmitted from the interrogator 102 to the badge 104,

and most of these commands require time for a response

20 from the badge. For the example given here using four
8-bit registers, the interrogator 102 would have to send
the following command sequence 255 times:
Data byte follows
) Data byte (0-255)
25 Any Yes:
Match Aa?
Match B?
Match C?
Match D?

30 For the case where one badge is present, having four
different values in its registers, the prior art method
requires a minimum of 784 commands must be transmitted to
the badge 104. Of these, 272 commands (those with a "?7")
must wait for a response from the badge. Assuming 8-bit

35 commands, a transmission bit period of P,, and a single

bit response time of P_., the time required is



20. transmtting a pul se when said nodul ator enabling signal occur;2r.08h.'mll'l‘2\gn2
.met hod of claim?7 wherein said conparing step further conprises: conparing
-said count value to a plurality 1 25 of codewords, where said nodul at or
enabling signal is produced when the count,val ue matches any of the
‘codewords in said plurality of codewords. 9. A nethod of interrogating an

el ectronically coded article conprising the steps of: 30 transmtting an

i nterrogation 632'792"(514 fﬁ-Oﬂ'ﬂanl pterﬂ‘&ga&&ﬁ avhsie bhe kQE@ErOQBFbogr%Qna'
contains a set up |nstruct| on “fol | owned by a carrier wave signa ecel vi ng
sai d i nter r og@4torf PATARAN WQGH ¥ SfaiapTe daraml X aM9 1R cotiel thanctee 35

di viding the fdRqipnake QfesIc"ﬁH?éif rallﬁfvé/"aVﬁ é' ,gn@lxe gp(rfé‘r' DLEOSEaN A Hge N TO
produce a first_ divided sig counting cycles In

said first di AR dhal "'t 37BKBdhc“e°%P%%‘Fltt9aFU% sﬁéﬁpéﬁmﬁgofhéhéount
val ue tosa COUGWRIEidH ICING® 3 todgbaler) enabling signal when 5 said
codeword matches sai d count value; and transm tting a pul se when said
modul at or enabl i ng AitEgh cRAROUD emard g Moy WR1Eh ol REOrRABREE NtBA d

conpari ngst ep dfdidiig{gs WP eSS ALNNP A AVEN S8bA KW bd/8h UEhd@ndand
sel ectedone of a plurality of codewords, where saij d met hod |sr egeat ed for

each of the cORSIFRET Nl AP LMETIT of LRRRSOFHSLARY $3i BRfoaTF afBR
enabl i ng si gnateddi Py adtiersiviieany hetlgotinta v diceibbeesnasytRhtt Beill
codemorgﬁ in saidl5 IuraJlt%#cﬁ godqﬁfrds 11. The method of claim9 further
conpri sitflg t heEPP BT Y, "SI E%aid interrogator, thefrequency of
the carrier wave signal by an integer val ue20N to produce a first divided
si)gnal copy; counting cycles in said first dividedsignal copy to produce a

i nterrogator count val ue; andstoring the interrogator count val ue whent he
interrogator receives said transmtted pul se for each250of said plurality of
codewords. 12. The nethod of claim9 further conprising thesteps

of :dividing, within said interrogator, thefrequency of the carrier wave
signal by an integer val ue30ON to produce a first divided signal copy;
counting cycles in said first dividedsignal copy to produce a interrogator
count val ue; andstoring the interrogator count val ue whenthe interrogator
receives said transmtted pul se.3513. The nethod of claim9 further
conprising thesteps of: dividing the frequency of the carrier wave 20
MAY 2002



- 16 signal by an integer value Mto produce a second divided si gZuaU MAYN G002
nodul ating said pulse to transmt said second divided signal.
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processor.

15 2. The apparatus of claim 1 wherein said signal
processor comprises:
an instruction decoder, coupled to said
demodulator, for interpreting said set up instruction;
a first frequency divider for dividing the
20 frequency of the carrier wave signal by an integer value
N to produce a first divided signal;
a counter, coupled to said frequency
divider, for counting cycles of said first divided signal

to produce a count value;

25 a code storage device for storing at least
one codeword; and
a comparator, coupled to said code storage
device and said counter, for comparing the count value to
a8 selected codeword and producing a modulator enabling

30 signal whenever said count value matches said selected
codeword.
3. The apparatus of claim 2 further comprising:

means for providing a modulator signal,
wherein said modulator transmits said modulator signal as
35 an antenna modulation signal when said modulator is
enabled by said modulator enabling signal.

4, A system for identifying electronically coded
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) a signal processor, coupled to said

demodulator, for interpreting a set up instruction and
for initiating a counter to count cycles of the carrier
15 wave signal contained in said interrogation signal;

a modulator, coupled to said signal
processor, for transmitting a pulse when said signal
processor indicates that a counter has attained a count
value that matches a codeword stored in said signal

20 processor.

5. The system of claim 4 wherein said signal
processor comprises:
an instruction decoder, coupled to said
demodulator, for interpreting said set up instruction;
) 25 a first frequency divider for dividing the
frequency of the carrier wave signal by an integer value
N to produce a first divided signal:
a counter, coupled to said frequency
divider, for counting cycles of said first divided signal
30 to produce a count wvalue;
a code storage device for storing at least
one codeword; and
a comparator, coupled to said code storage
device and said counter, for comparing the count value to
35 a selected codeword and producing a modulator enabling

signal whenever said count value matches said selected
codeword.
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enabled by said modulator enabling signal.
7. A method of responding to an interrogation
signal within an electronically coded article comprising

the steps of:

receiving said interrogation signal

10 containing a set up instruction followed by a carrier
wave signal;

) dividing the frequency of the carrier wave
signal by an integer value N to produce a first divided
signal;

15 counting cycles in said first divided

signal to produce a count value;
comparing the count value to a codeword;
producing a modulator enabling signal when
said codeword matches said count value; and
20 transmitting a pulse when said modulator
enabling signal occurs.
8. The method of claim 7 wherein said comparing
step further comprises:
comparing said count value to a plurality
25 of codewords, where said modulator enabling signal is
produced when the count value matches any of the
codewords in said plurality of codewords.
9. A method of interrogating an electronically
coded article comprising the steps of:
30 transmitting an interrogation signal from
an interrogator, where the interrogation signal contains
a set up instruction followed by a carrier wave signal;
receiving said interrogation signal within
said electronically coded article;
35 dividing the frequency of the carrier wave

signal by an integer value N to produce a first divided
signal;
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10. The method of claim 9 wherein said comparing
step further comprises:
10 comparing said count value to a selected
one of a plurality of codewords, where said method is
) repeated for each of the codewords in said plurality of
codewords and said modulator enabling signal is produced
when the count value matches any of the codewords in said
15 plurality of codewords.
11. The method of claim 9 further comprising the
steps of:
dividing, within said interrogator, the
frequency of the carrier wave signal by an integer value
20 N to produce a first divided signal copy;
counting cycles in said first divided
signal copy to produce a interrogator count value; and
storing the interrogator count value when

the interrogator receives said transmitted pulse for each

g

25 of said plurality of codewords.
12. The method of claim 9 further comprising the
steps of:
dividing, within said interrogator, the
frequency of the carrier wave signal by an integer value
30 N to produce a first divided signal copy;
counting cycles in said first divided
signal copy to produce a interrogator count value; and
storing the interrogator count value when
the interrogator receives said transmitted pulse.
35 13. The method of claim 9 further comprising the
steps of:

dividing the frequency of the carrier wave
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