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FIELD OF THE INVENTION
The present invention relates generally to a synchronization method

20 used in a communication system.

BACKGROUND OF THE INVENTION

A fast, efficient and reliable means of communicating data in a multi-

user system is desirable for many applications. A need for such methods arises
25  when multiple pieces of data (from multiple sources) need to be quickly read by

areceiver. One particular application of such technology is in the electronic |
identification of multiple items.

The electronic identification industry is important for numerous
commercial and military applications, including real-time item tracking and

30 inventory. Such uses can greatly increase operational efficiency in a myriad of



efficiently performaccurate real-tine inventory
tracking can greatly reduce waste in many forns,
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items, 5 over- or under-stocking of itens, and item
theft. Currently, the electronic identification
i ndustry relies heavily on manual (I|ight-based)
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illustrates how data stored on a tag is altered and
us exdrmiey fregeergyrayplems oasrigwi asawp &dsc ree Bymbglithay need to be

20°P&fsB4 hpgrd'eptoaa%ﬁl%(lg ﬂﬂaccﬁas%& Hmt)u%put. Such a high relative symbol

rate system leaves little margin for timing error (especially for systems that rely

on good symbol synchronization), emphasizing the necessity of a highly

accurate synchronization method and apparatus.

25 BRIEF DESCRIPTION OF THE FIGURES
The present invention is now déscﬁbed, By Way of "example only, with
reference to the accompanying figures in which like references indicate similar
elements and in which:
FIG. 1 illustrates a high-level view of multiple source devices
30 communicating with a single destination device in accordance with the

invention;



invention; FIG 3 illustrates a high-level view of the
process used to scranble the 5 stored data on a tag
w0 pooaogspgdance with the invention; FIG 4 il| uBCT/EBIE4/606922
hi gh-1 evel systemview of nultiple tag conmunications
and the scranbling reversal (descranbling nethod)
performed in the reader in accordance with the
invention; 10 FIG 5 illustrafes a high | evel system
and acconpanying waveforms in accordance with the
present pray enfih@ieshbl da@a étbfeﬁ%ra&hg% ARTRNARIHR
wavefornms for a high-level nodel of 'a tag in
ac cletatammeecommhnitdtons chamats whileeoperabmg ifFpcgordance with the
| I I ustrates a high-level block diagramof a tag in
BYHL8e with 15 the invention; FIG 8 illustrates
a gener ATd. Banedhatds atliER-1eveNgewad thd 08685 55ddB scramble the
conditions in accordance with the invention; FIG
5i | Istaged deteona tdg insaccendanteowidh the inventionhi ng t ag

nvent i onC: Jgiiteles sy R e SEERLBR TaiRertEn usi ng

Capdfinhuni€atival Bhd e sBRMVEAR réwesal (RasembaNE matHoA) E@tﬂyrmed
of tags in a typical enbodinent in accordance with the

i nwe e saderip @ccordance withttheiwentionyet hod of generati ng

a channel for the tag to conmunicate over based on

the data stored on the tag in accordance with the 25
10i nvent i FIG. Blilkustrhfesiallli gisleveltsystem idngetomhpayiiggaveforms in

circuitry functional Dblock diagram highlighting the

pa%cﬁé%‘?d@ﬂb@ei’ﬁ%e%&&?fﬁlopon met hod i n accordance

with thg &5tk [
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152CGRE HRB/IonM th the invention; FIG 15 illustrates a

detai I ed exanpl e of the r eader . receiver signal
FIG. 8 illustrates a general flowchart outlining tag transmission

conditions in accordance with the invention;
FIG. 9 illustrates a detailed flowchart outlining tag transmission
conditions in accordance with the invention;

20 FIG. 10 illustrates an application using capacitive coupling between the
reader and a variety of tags in a typical embodiment in accordance with the
invention;

FIG. 11 illustrates a method of generating a channel for the tag to
communicate over based on the data stored on the tag in accordance with the

25  invention; ,

- FIG. 12 illustrates a simpliﬁed tag circuitry functional block diagram
highlighting the pass dependence and modulation method in accordance with
the invention;

FIG. 13 illustrates a detailed view of the reader block diagram in

30 accordance with the present invention;

FIG. 14 illustrates an example of fast transform methods for Walsh



processing for fast correlation of pseudonoise

sequences in accordance with the invention; 5 FIG 16
WO bdousssat es a sinplified functional block di apCHISN4/006922

the reader signal processing in accordance with the

present invention; FIG 17 illustrates an exanple
waveformin the presence of a collision in accordance
with the present invention; FEG 18 illustrates

several exanple wavefornms in the absence of 10

col ] issi ' e present invention;
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FIG 20 jllustrates a detailed flowhart of a reader.
pr weessFing e %ﬁ&pgelaugﬁl REPIYANRAIYE SeaFToss BrachPrdrRch Vil the
teghlfisgs i n accordance with the present 15 '
invention’ FIG 21 illustrates an exanple inventory
s5account i Fig. Wo tilhustrates alstrislifoed funttianghblock diagam pifhe seader
applied in accor dancg Wi th tfg‘\%eﬁr esent invention; FIG
22 SIFA{BIOCETSHLS 13 30eardanse &Vifh PR IBYeNtRn: i hvent ory

al gori t WG, Wil sRQtes Gh bk AhpIR wivefdalih @he hra36dHat 898 8oRERN in
applied in accordance with the 20 present invention;
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illustrate : . ssion waveform and the
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accor darge. 0tilustiates prdetstlet flowelhiem obf @hcadbt fioc&6ing signals
illustrates an_enbodj nent of_ a tag cl OCE ) f
sy simederyadicgHisianmitigation feghniguessinacerdeneg with thepresent
15i n iﬁ&%h‘?i%ﬂance with the present invention; 30 FIG 27
i | I'ustrates the waveforns of a tag cl ock
synchr orFigati ditustriates an examplatinusdsy acsamiing withoto dolkgion

[ ccor.d MWth t t o i on: d .
DoomiEaaTb iR et pBi BsssHantd WA esl v in
an al t erped, o2 embadicsBRexAhpR fldechati@Fhe inventory algorithm

when no collision mitigation techniques are applied in accordance with the

20 . present invention;
FIG. 23 illustrates an example inventory accounting with forward
collision mitigation techniques in accordance with the present invention;
FIG. 24 illustrates an example inventory accounting with bi-directional
collision mitigation techniques in accordance with the present invention;
25 FIG. 25 illustrates a reader transmission waveform and the
| cbﬁespondihg tég ﬁower-up transient wé\_feform; in accordance with the present
invention;
FIG. 26 illustrates an embodiment of a tag clock synchronization circuit
that uses a second rectifier, in accordance with the present invention;
30 FIG. 27 illustrates the waveforms of a tag clock synchronization circuit

that uses a second rectifier, in accordance with the present invention; and



synchroni zation circuit that selects the desired clock
phase froma set of phases, in accordance with the
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5

10

20

25 -

30

PRESENT | NVENTI ON The descri bed system provi des an

I mproved conmmuni cations nmethod that allows nultiple
source devices to quickly and efficiently conmuni cate
information to a destination device. The descri bed
comuni cations system enploys a conbination of
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mﬁh@é?ﬁeﬂbe%ﬁecwghesmcmﬁ S¥PREPEHPOTiFRY for mhdalbw@lte)

or bt afk BRI, T sPinb R aceYor AERCHERG Skt oLl
r atsystbms arer desirable ﬁn’hlﬁgh sphrred hﬁg}gﬂhd rmtghphtdoaammnmmtn links,

t rou u an ence re In e
e B poslgpLILcualput, and, fence dedueng L e

Oflb&ﬁgﬁsumﬁ%ﬂQ£Eferr8d enbodlnent of the present
invention generally utilizes 30 one-way conmmuni cation
(f r om t héheglsserdeddystemeprovidehanmgans fon éIHCoreptbevmcut) wihile
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doasasdH) scanh@fp bh® gidlfly UicPeaéd stallBing (b€i&h i@htification) speeds.

The present invention further provides for fast, simultaneous identification of

numerous items, which is highly useful in many applications, such as managing
inventory on store shelves, or the like. Often, the management of such
information is more valuable when it is performed in real or near-real time. The
present inventibn allows the use of véry h1gh symb61 rate to carrier ratios, or
high absolute symbol rates, increasing throughput and hence reducing the
amount of time necessary to account for a given number of items.

The preferred embodiment of the present invention generally utilizes

one-way communication (from the source device to the destination device) in



The information conmuni cated fromthe source device to
the destination device typically takes the form of
whiromwaiy23ed ect roni ¢ product codes ("EPC') or 5 PCT/US2004/006922
identification ("I1D"') information, though it is not
limted in any manner to these forns of information.
Communi cating other types of information, such as
el ectronic telenmetry (or any &ther type of measured or
assigned data) is also possible. In fact, any
| nfaébisafolihe By bR RIREREAL!RE. he s&hr@ 8% 4% not
ot her) nunb %r format can be communicated wt
deseqmb@ﬂhewsbﬁardata@ecéwerl I ust rat ed in FIG 1, the
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C 0 ni)ﬁﬁhlhmm,tlonl dfhm’brxﬁgmmﬁomltm bf sovecedenides 100, 1202130 to
like. The comyunicatiaon sy tem enpl oyed t he present
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utilizes a capacitively coupled comunication |ink

betSWé'@ﬁ devieetteagspanger, userpitemgpgordhe hlse;ribghpald glggbe noted
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invention is divided into several background sections

( | ItesrogRtat FeadeRh GeGeRYR) Qtipolikaant aspects of the

syst em JAR%Eommunication system employed by the present invention can

encompass several different forms of communication 140, including, but not
25  limited to, optical communication, radio frequency (RF) communication, wired
A (contacted) commumcatlon sound-wave commumcatlon capacmvely coupled
communication, or inductively coupled communication. The preferred
embodiment of the present invention utilizes a capacitively coupled
communication link between the tags 110, 120, 130 and the reader 100, though

30 other forms of communications links may be utilized without limitation.



|atter sections (I11-V) providing a detail ed
descriptions of the present invention. The preferred

weriadsazent of the systemutilizes all of the R&yUS2004/006922

techni ques 5 descri bed bel ow, though other enbodi nents
may utilize only a subset of the described

techniques. |. Data Scranbling and Descranblin As

shown in FIG 2, the data 2007that is comuni cated by
the tag 110 to 10 the reader 100 in the described
system Gl hAkKi ¥orl Qiro%ﬁ tﬁer}ﬁ{'éi’gfogq AR several
limted to, neas red or ot user ?lne as
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s 5 biEL R s PReuSBRERLEE: Bbber MiTehBlaTplFonter

t homahry 2001S TRSEP@DLE sérbed to'Lﬁni]d%l}Sldéﬂl‘ijﬁytda@FﬁJg (or item) 110

information is appended after t data scranbling

t han thetsy@tb@obh seserving Belds @rmdm@fm X9Boplipsticlass 2Ghowador
SKil ) e {1 Qeqiafi‘r {13%819?&,“ 5\@2 >, for e aﬁﬁ%e Ed‘?elt 9g-b1tfs %&'%{H)rmatlon
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P LSO Q0 ey 0 LB, Sttt 20

| i onttid fagid0 p thegateforred hmbadiment, soch agyeer offowhadtn, error

St oflec?ﬂl?gnortclg)?regt?gn 1n%olr9nat1%n e. g%%rward error correction (FEC), cyclic
redundancy checks (CRCs), etc.), and other reserved bits. Note that the

_ additional information (e.g., error detection or correction data) may be
appended either before or after the data scrambling process descﬁBed below, 7
though it is desirable that if this additional information is appended after the
data scrambling thatrit also has uniformly random properties.
Those skilled in the art redognize that several different additional forms

of information (e.g., programmable timestamps, other user personal t

identification numbers (PINs), measured data, environment data, etc.) may also



in the described system Al of the tag functions are

typically inplenented in | ow conplexity 5 (i.e., |ow
we@omi)pssn4 cuitry. In order to keep the circuitPgT/OR2005606922

tag 110 sinple, and to inprove performance of the

channel selection process in the system(as fully

descri bed below), it is highly desirable to scranble

the original ID data 200 pridr to its being stored on

the tag 110. This is typically acconplished through a

r anQm FdrhBReindS6rB0 B kg PRE20,430. NV thabthere are no

carried out before the 10 opéeration of storing data
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Thdesgibed aystemt HYBIG. 3, the original EPC 200 is obtained in the usual

manner from the EPC manager 310, such as the manufacturer. The EPC 200 is
then input into a scrambler 330 that performs a scrambling algorithm and output
the scrambled data (S_EPC) 220. A RF tag programmer/writer 350 then

25  embeds the scrambled data, S_EPC, 220 into the tag 110. The scrambled data
" 220, which is a modified version of the original data 200, now resides inside the

tag 110.

FIG. 4 illustrates a high-level block diagram for simultaneously reading
electronic identification data 200 from many RF tag devices 110, 120, 130.

30 This example illustrates how the tags associated with products residing on a
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very closely resembles uniformly distributed data, thus collisions between

products with similar EPC data 200 are minimized. For more on multiple-pass

25  transmission algorithms and channel selections, see Section III below; for more

on collisions and collision resistance, see Section V below.

Other than synchronization information (and possibly spreading gain
adjustment), no information is eXchanged between the tag 110 and the reader
100 before the tag 110 needs to select a channel to use for transmission (as

30 described below). Thus, the scrambling and de-scrambling methods in the
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In the example of a binary represented EPC 200, these properties are
related to a strong avalanche property whereby each output bit is dependent on

every input bit and changing a single input bit, changes half of the output bits on

_average.

25 In addition to the scrambling process described above, the data 200 may
also be encrypted 210 before or after applying the universal scrambling
algorithm (e.g., prior to programming the tag 110) to assure further data
security. There are a variety of known encryption algorithms (e.g., AES, Data
Encryption Standard, International Data Encryption Algorithm, etc.) in the art



511. Power-On Methods A bl ock diagramof a tag 110 in
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The data 220 stored on each tag 110 is typically stored in low
; complexity (i.e., low cost) circuitry, which then responds to inquiries from the
25 reader 100. Each tag 110, 120, 130 typically waits for a first predetermmed
~ condition to be met before actlvatlng and transmlttmg its information in a
multiple pass algorithm. The first predetermined condition is typically set to be
the same for each of the tags 110, 120, 130, though it could be randomly chosen
or assigned in other embodiments. An example of a general flowchart showing
30 tag transmission conditions is shown in FIG. 8. Note that in this flowchart, the

second predetermined condition may be met by a variety of measures (e.g.,
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Mul tiple Source Devices in a Co ni cation System by
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25  tags in general through the use of pulse width modulation techniques, in which

case other information may be simulta;néousl}f_ cdhveyéd to the fags (in addition '
to synchronization information). For example, synchronization events may also
be used to simultaneously signal other events, such as the adjustment to the
number of available channels in the system, as disclosed in application Serial
30 no. , filed March 11, 2003, titled "Method and Apparatus for Adaptive

Processing Gain for Multiple Source Devices in a Communication System" by



popul ati on managenent. Pul se wi dth nodul ati on coul d be
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th %ei‘eﬁbé eRBYGIeRPis met when the received power level at the tag 110, as
observed by tag energy monitor 704, either falls below the first predetermined
threshold or exceeds a second predetermined threshold, which is typically set

“ hlgher than the first predetenhined threshold. o
In this manner, the first and second predetermined transmission

conditions form a range of received power levels (e.g., a window) over which
each group of tags is typically fully activated. In the preferred embodiment of
the described system, the power-on range is typically about 3dB wide, meaning

that tags 110, 120, 130 will respond to power in a range of 1-2X (relative to



wi ndow generally causes the tag's transm ssions to
fall within a proportionally narrow power w ndow,

waobkioglosised ps all eviate the typical near-far prp@li/E82004/006922

that affects sonme comuni cations systens (e.g., as in

spread spectrum systens with 5 non-orthogonal

spreadi ng codes). Al of the tags 110, 120, 130 in the

system are typically assignedi4he sane power-on range

in the preferred enbodi nent, although other

S?Jgg)?ll%[e %15‘1112%({ 1%05’ Qéc’dS 6;26&%130@5&&&&%@%@0 S.[\?ot& lﬁfa"t tlﬂg 'p!)\')véﬁng
di f{Rident Qenefall!‘y@ﬁ@kémmmgs trembne edichistto (filSwuﬁhﬁa propbrtionally
exanpl e may occur 10 when_.different manufacturers are

as SIFWPWWWQW: whiskihelps allariais thetpical negsasprablen that
e ot bt Wefihd (R, A 45 Bk B Bhterys with

5t henchesithidgoasal spysaitimgcotieds with two-way communi cation

abilitie eyond basi ¢ synchroni zati on) n exist,_ in
V\hi ch 15&}&3@%&5 10, 420,5134 18 Sheovat eB’raéSéﬂé?aryHYr?éﬂlgned the

f
si szgﬁ{é: ng , n ihit SrefTd CbRkifthe earlteh%tﬁgigo@kp%bodlments

tiron.” I'n the case
pr eaiepessnbln,esaich ts thoserthasutdizepoogtamimable (arge predaskigned, but

t hey, e rando determn on the t 110,
adaha, é‘lf@r%’& ARG PRV - Corglts Qmﬂ SH6R pHgaple may ocour

10p r oxgﬁéﬂmff@&npﬁ‘lahﬁ‘ﬁcﬁl?&s ar%]agmglm (ﬁff@féﬁ? SPaLsh faB?E levels,

ot her 1 nplenentations of theSe transm SSI on controls

20 previging sows-sepgratomtarditaciion beiwdenidiffereaymaeufactyrer's

are ﬁﬁ\?%' ble without departing fromthe spirit of the
¥n an exanpl e enbodi nent illustrated in FIG

10 t he merdethed Sbodiheifd of Ry dcRErieANBbRhY t48 MitlPivieFay

froma head office by controller 1001, is connected

vi scommuynigasipngabiliies (eyionthbasio synchramzation: may exb4n which

5ou

oot g the HisheEtona iR effnc b Shecf e chna b maffBfsis of
130sohmﬂhad;1gmhdg frifernedtionp dn tise cake wherefthe jsregetermined
result in.variatjons in _cou I|n bgetween t he ant enna

1odaané@é§§1ﬂnaq0@eltwp§ Arerpidong © sadopHy e‘éﬁ?’é‘ﬁﬁ gn the
70]’(a $ $O G ét@nﬁlﬂ@d bR ré&(ﬁ:r &%ann%?v ogra ﬁ?ﬁf the tag

resu t|ng | erent recei ved power
el eldiOr d¥nte gnmm thaeother 1mp‘1¢mmmon@@tﬁ these gaﬁﬂmssmn controls

20y antFdud WPagey Frumapisgion it HeTRE e L PR st pparting

25

30

t agPoriBhe SRS MRe SKistdngr ent power | evel s (denonstrated
WD 2004/ 082304 PCT/ US2004/ 006922 15
In an example embodiment illustrated in FIG. 10, the reader 100, which

may be remotely controlled from a head office by controller 1001, is connected
via a transmission medium 1003 to an antenna 1004 mounted on a shelf 1005.
ObJects 1020, 1021, 1022, of Varylng phys1ca1 dimensions, have tags 110 120,
130 located on different parts of the packages, and result in variations in
coupling between the antenna 1004 associated with the reader 100 and the
antenna 701 associated with the tags 110, 120, 130, further resulting in different
received power levels by tag electronics 1012. Due to different coupling

characteristics between the reader antenna 1004 and various tags 110, 120, 130

in the system, different tags may receive different power levels (demonstrated



by the range boundary lines 1030 and 1031) for a given
reader antenna excitation level (i.e., reader
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and¥ote, dyesrevpip ikat mudtinle taes 110, 10030 wibsidl trbepdy 8¢8inne

system. t.r M SSi r I.pl .
o faibisr o B BT it A Befitula Bofic ROF e fitiohen®
SUghbagirhéht bR ehecRs@ bRl stétem: Footxatplétheremedyi tratriechyusand
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( r éemnsi(tags) i aa niRTH that @ped torhegylentified ﬂff@ﬁ?ﬁeﬁ? y
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10} nesB ok AR AR it S GIERL, PR er QiR roughly

W e htindredtastat tachnmomier levebitoughdfowkr tagdhwd] likkly be ectivated
t he Part i cul ar power.-on ran

f the,t 110, 12
13@t her?étrp@adl@mrmé’leWPremw%ig‘gﬁ?%oi&l S@F@gﬁdﬁ%ﬁmsaér??‘he
gr ‘ag@?ﬁf trhRIRsHGH Hom NG t8RGRay 61BP Bk FiRdhediized (ough not

asp I's Inportant since the reader 100 determnes |
whercabarilyfsinmltmneous, sueh as iphe cagefitimesiptied (chapmplization)

power-on range (e.g., between ..103 n )

5he éﬁStﬁmF’qwu%r g uf%@ ﬁ}%fqﬁ? &k %Ppﬁlﬁ%sq?tﬁﬁegat?‘%%é a nclaﬁ%n to
t N@efeRRkt) BAMBEmitOME INdt@ At in @ecsnebotdddnt, thie réalerrl OR vl step
the identification process. |In another tglggodi nment, the

r edlrongh 6l pRgsjble ensmit Power lewelpiiarting ithdae loyepspiransmit

expe I A 0] i Qv i

a0 SevBE s B1Roiné RlreBull dior GHERRROR R RS 180, 120,

t Eqse, mgwcief to®EHeatively conhrbstvehien eath goiup\dftags bagiss and

the reader 100 steps to a power |evel -where no tags .
20, ene Fpptisnons: (10gsBeg It Faporians Aace fsie @f%ﬁ% ffggines

throlghite 5 Qfags STg,rl% % 10] iﬁoﬁpﬂrﬁéﬁl%&@éﬁﬁiﬂaﬁgb (e.g., between

measur enen n ul Ck| Yy Si‘: eps to e_ ne)_<t povver
| evieB) and 1631 )thmverbesmimgualy ideBtifiedtat whidkditna g can sispde the

the tags, gs rther d | bed bel | her

ap B HErel ¢ o Szl L ferm e op | FaBpElon ropess.
adapt t hgiahotAe¥\&hb&dimeA) 8 re8dd 100 infayet 184h 26 34MmBBBE A range
PCT/ US2004/ 006922 o .

25  of expected power levels for a given inventory profile, and arrange its power
sweep with priority given to those power levels with a history of activity. When
the reader 100 steps to a power level where no tags are activated, it senses that
condition (typically through a short energy or modulation detection
measurement), and quickly steps to the next power level, so as to minimize the

30 total reading time of the tags, as further described below. In other applications,

the reader could signal the tags to adapt their power-on range (e.g., to a



16 narrower or w der power-on w ndow), so as to

optim ze the overall efficiency of the transm ssion
waeyaoes3od | | . Channel Sel ection and Transm ssi BOT/US2004/006922

Methods 5 All nultiple source (or multi-user)

comuni cati ons nmet hods use sone type of

channel i zati on net hod, as does the present invention.

It is possible to utilize any®one of severa

channel i zati on nmet hods or techniques in the described

SY Sie@Bw deoR i ddr Ipbwet-Bf wiRGWIE L &AbidpfintiR] the @%ﬂdﬂ'e‘fﬁcﬁ@rﬂ:y of

can be divided into two categories! orthogonal

chathaélansraission sysiethods or quasi - ort hogonal 10

channel i zati on met hods. The present invention relies

on the fact that system operation (i.e., the nunber

of avai |l abl e ghagngine) S€la&tidendAtrhmEnSfor Metiidbdgi ven

nunber of active tags and conmuni cations channe

5condi t i of\8 ml(.ljdplﬁégmaKordnmmuﬁeﬁwnmmgnmnﬁmeﬁlqdavee some

doatB SRR B eSS Frh o R o FORRRle o

ot heilize han Bﬁé 8f sefreral than@akizatiys hesthdds o8 techfli'q&es in the described
cross-correlatjon over a synbol tine betwe

di fyeesntGerEileths qhgn@?@ﬂﬁ%@urna@ogew}zedeaﬁbp divided into two
gf tHRg8nRad. ocRapaRl %@ﬁ@hi&%ﬁﬁ etﬁ&&sfb‘ﬁgggﬁ-'on%g&a1
avil n a Cross-corre ue ne zero or
10di fehenealizatdremethody., Taerasent ihyqutionlrelyeswin the ft tHansystem

di t - | | SS
( DeSPeTSRg: (LS o e mEDGH ) & AR Shaely Garsbe g8 gmizad far a given
as Sﬂlﬁ{b%g oPa&ivEft%seaﬁﬁH ORISR ABnS nga‘fmell &nﬂﬁm‘ﬁ?l | known

in the art that different phases (1.e., tine shifts)
of a neQithegonklesrgrhuhicaticns chaesbsduive e 4dvantage thtaer

ha BRI o st e D orarS R b ASv on

15PT QR@frinkfSationvR dth@Thaff¥ld Bl Alie@Psysedn! 6. epfth& w)ss-conelatmn
unal i gned se%uences is defined to 25 be -

( newveRh Pyebyl tinghbstween didforens chanmglsis deﬁnqﬁleasmem Quasi-

ps P fe Q P

P SHARR o SRS G560 SRR B
di frieer smb far&bff&‘ehhclﬁnﬁﬂﬂ)?aﬁﬂ wiegysicalipritilizelién directS8quence
system_ Each bit_in the PN sequence is .

typaoéaflww%meftr aaqcsssa@% CIOY A systeqas, VéchReach tReigan
OI n J&ﬁl‘é‘alﬁ%smgﬁ@d @Qhasmbeeag{ng%ogpem al Iy augnmented PN

e IS one that an® artrficrally inserted (i.e.,
n ot gendt mtvesll ]bgoWIhm the artdhat dpf&ramtl phwasesf(i.c.hamesBR)s) W

Zo%a{x%%ezlfglengtﬁ 1near O e 1901?1% register (“LFSR”) sequence (i.e., an m-

sequence) are known to have low (i.e., quasi-orthogonal) cross-correlation
properties. The cross correlation value of two unaligned sequences is defined to

25  be -1/N (normalized), where N is the length of the LFSR pseudonoise (“PN”)

~ sequence. Different code phases of the same base m-sequence are often used to

channelize different users in a code-division multiple access system. Each
symbol or bit in the PN sequence is typically referred to as a 'chip’, as is well
known in the art.

30 An example of a specially augmented PN code is one that has an
artificially inserted (i.e., not generated by the normal operation of the LFSR)



17 binary zero into the sequence (at different points
in the sequence depending on the code phase), such

W0 b@i/ogdse4 t i ne-al i gned (i.e., synchronized) PCT/US2004/006922
artificially inserted zero occurs at the sane tine
of fset on each channel, resulting in a zero
cross-correl ation value between different code phases
of the sane in-sequence. 5 Nofé that the preferred
enbodi nent of the present invention utilizes these
< ol _ e ti y
P B B e B SR niBg om
i n théreodspieke)o sichabattls timmaligsedan. e a dydironizsdg fitifiopdlly

Ll B LSS ISk SLSE S L v

9ai PdssLorlAonFalteDeRoenaBirbenildb phakWoS h8 sifhetBedilchce.
of conmuni cations. The application of such techni ques

5i s Notp tlrat sl preferred leanbotinednd of thepaesant ingendioniuntidzesthess

such as.factor ettings. e need to maintain

o g EIL ARt Betenlitives (st SRt B PR I Fi dy o
enpivdsih o8BosdiRl EQREhMeIPRGHE dRhidnidedGystem. As an added
synchroni zation. In particular, for spread spectrum

RFbenefjisefdhe emhloyed spread sweoremdephinigues gesistanaego dafgeference
(e. 1 ecially au nted msequenc Wl sh .
co ég t,) cg %ds 1§)r,ocegélgg rogts%r%gﬁp% g?lgg‘lésl a?s%t z}c%eﬁféd, as'is well known in

10S Y RBEO &1 BFf Zhin@ficatioRs PRI apblivatiofR@Elchniechrliqued s irfhgdtant for
noi se-free system the nodul ati on pul ses, are square

andapdrgledromagnetirenyiiogments, Sl 2 AFtASpItNgYy i nst ant

Wi thin t i j i [ : a ‘

Fecel ver T TELR: BEhAA ofhbrol, Laferial e kRiem e RS many

fi lusers] ergphdseres the read dordecurtite timingtsyhdheomedtiom. A0 particular,

bandwi dt h, and maxi m ze the SNR,..the sanple timnm ng

r A rigEsREE SPRFirem RELPavetems dag aifice prthqgogak PesdiHzeodes (..
15! dpsglecﬁlmgiﬁﬁté@ﬁﬁgegﬁ’&ﬁbzﬂ S h16h 8ek Ndfc YracBHaR: chip-level

di sappear. =~ This departure fromthe ideal level 1s due

t o timing synairentizationds espetislly ispentand.dInt an wleal naiseefrey sptstam,

interference (1SI) as is well kngwn in.the.art, and ..
& ARG Sp bk af Satste it ptsRRY Bt e e 8 Yimpine
I N ISR VSR SheShRS PEHURI I DifRce YIGOEer,Znce r@deiebr il@ring is

synbol sanpling instant in question. The distortion -

t hantredicad capesimly wseeiuprdilfarge tentit ingrnded & fimit the ppige| s

in NO0%2%; QAR . [ [
20corbr e?‘g@élgg%gal nlglﬁl.w%%i S ’thg %ﬁ@?@%ﬁ lg%pe F S?R’gfs&g}%ﬁ aPhlse

noideparcolitle iffout theridedl sithplinglepeltbegins ttdshrink sredveh disappear.

typi.cal commupi cation systenms, thjis di.stortion, whic

2 et o b 18 1607188 i TERTIOR R S fered to o
ca | | ISTRY; Bl ANELY 8l U dtatml

t old1 %)y?fﬁo% ﬁxgergélr%%%a% ev eﬁ%@élln such a cas’gi,ﬁl dstgg %ml()%?t%f
di stor{s depehdent bs thehwewbgnald ingome cases subsequent data symbols

25  around the symbol sampling instant in question.

- ~ The distortion that forms around a éémplfng poinf due to ﬁltering isin
general non-orthogonal to the PN codes it is being correlated against. This
distortion appears as a noise contribution at the output of the correlator. In
typical communication systems, this distortion, which is proportional to the I

30 signal strength since it is caused by the signal, may have an RMS value that is 5

to 10% of the signal level. In such a case, such ISI distortion limits the signal to
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to 26 dB, even in very strong signal conditions. This

WO 200a082304 t han sufficient SNR for single-occupP@rUS2004/006922
channel i ng net hods such as TDVA, unless higher order
constellations are being used (e.g., 16 QAM or
greater). However, in CDMA spread spectrum systens,
all users are present at 5 tHe sanme tine on the same
frequency. \When many users are present, the non-

or tRAGIAR td 2MRAT6 @ veh i Wi?%fsfr@x’fg Qa6d) cUa@tioNy. | This lthore

to an overall noise 1evel hat i's proportionally
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' ' ' bj ect.ed .onl ' | SI
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al so to HSke@eNAGHIIA GircddiPeethhin bydieas, al1(usbisGife pickdnt at

also in 10 general be non-orthogonal to its code
5si nhesanh¢ timgwafthe samefrequsness eWihen siamyusers s iresent,| the non-

o cReoblinelre R Al oSy ALREER BEofdi i vl

US @R if propotiothlly wosse théd thag@ntlibutedbeadingl et €Ble user in

For exanple, if there are 100 sinultaneous users, all

wi tawestioneis subjgcted aefanly tovits owmh (Mhish 1s 4t genesal @ogrorigregonal

due t.9 |jne ' ' I .

ai 30 85 e Bl o3R T ktinita e SultP e Byl o in
1010Genélias bonén-onhygonel toritseodey siki@ allBvayefaherare preseitt i ng

in a SNR for, each signal of 6 dB. |If there is songe
si giapltaneguslyy i FRETAL the nga@aﬂmé pf fh&gsgr%ﬁmg codgs breaks
S org%\g@a% tih® %)aﬁhl%ﬁﬁaﬁﬂﬁl slifieh et EQNGREs (b&RR1a89 BV Ei@logonal

bett NR. e preceding discussion still presuppdses
ac apreatimgtdodes)g Hor epampi, ibthere20e 1 6@ simantahepussisersf alt wih
waveforns .are msaligned in. tinme, their ISl is.in..
gorfs S siEesl eyeT o 5 secfl e B i g gt idbiton of
1501 SIGUH 11RO (M aRlortiBiEIab RN il &eb & thBSumGTARRSI1DO
signal can be worse. If the tags relied only on_ |
powlstontionoyaveformsher 29 dB egrpster.rrgsulimainmdNBror each signal of

sy opd t.heir ' k , ' '
oSS Pl T Ol PR B, B Pt
perfatsrBNReandthe steorgeetagyordoviaideithi SWRi es for the

tags to be inproperly synchroni zed, both of whi c{},vvi I

be denoHaraseding disqeaan sill gesupnosphaqehents tiwdnglighment of

par. . . i + I

20D S RO VA0S, YA RIS 8 ik AEReALE AL ARSI G s goneral
corgtedtercthan atfevd pércenteaid the dessortdor (a@sa) dineyr comgritafté tecths
such as differences in ¢ ling and, tolerances in_th
¢ hrGOuIROSTS FigNalicAR b TSy 1 Te tRSkgelied, Py RmANer g, pr thrcshold
r e%ﬂ&&ﬁg‘lnﬁﬁr_rﬁﬁoﬁ"ﬁf@&n@l&oﬁ% ti¥ir EORhBUANEHAS, Sdverhl situations
carrier n timng msalignnent, though this can

could arise which would significantly degrade performance. There are two

25  possibilities for the tags to be improperly synchronized, both of which will be
~ demonstrated in gféaiter detail in the subsequent pafagraphs. In one case, the
;cags are crossing the power-up threshold for their first predetermined condition
at different times due to numerous effects, such as differences in coupling and
tolerances in the thresholding circuits on the tag. This effect can result in as
30 many as two or more cycles of a carrier in timing misalignment, though this can

be mitigated to a large extent by keeping a relatively narrow power window. In



be mtigated to a |arge extent by keeping a relatively
narrow power w ndow. In WO 2004/ 082304

wWOEDARB004/ 006922 19 systens where the synboPCT/E8M04/606922
much smal |l er than the carrier frequency, this does
not produce a significant timng error. However, for
systens where the synbol rate is an appreciable
fraction of the carrier or id%at a |arge absolute
rate, the timng msalignnment can be significant or
ev ;
1 B R b R TR ool oy i
C 0dGdsdmt prbdacyewignificpntaining eiroy.. Hbwewerofon systeas whetetthe
tags can be physically_orient di f.f er ent and their
f r vEbalfateds & EmEEgl ﬁﬁ@m%ﬁﬂ? CHEGPT %%Pr{)%/ fares %ssﬂlge rate,
ta&e'tﬁnﬁi@%{u’gﬁi t &l Rl i MBficdr® of BRIREvent c@nmunication in
capacitivVely coupled system the polarity of the

5 E- éitedmk tdsed. Tlee fimingowmeertaigtyiintroduged hy these séeads carhlee
zero-crossing of the carrier that is providing its
tiﬁ‘?lh“'tf{eff@lsm ersHp aligity-er cycle out of phase. Again,
i n syst gmendihiecase IR tagydiR e é)h%i@allysorﬁﬁiﬁéd &ifftently, dddaReir

0

the carrier frequency, this es not produce a i
si fraintiof acferencerisngcataior Forxampds, if ansriag isqeide-damarislative

the s ol. rate I.s an reci abl,e f i .
cfo apper i Shrat s souPRESTRER. I poldiy bRt hat i
10 (t PoweHng i and BRSBAde Jfithe NioLfdsBing o icsscatdttthattisipiovidin@its
the timng msalignment is termed orientation
antiming isyhalfiafasariracyele Ry ofghaps-i Hgaipeifysems ihere the
i nduct i.v ] G, j
t neUEb s pph FELAQTRAGE chrich ESqfiny, BRRERhbnBal o
SY Silegiffeant timinlgeeripk.aHeweberi fue systehme twdierd the spmbolsett is an
relative to the Hfield, the induced vol ﬁa e. ar{]dthes ,
t hapRsppiaklp dactprel thy cariep, (his 4t anqiRersgee 0 SEmiigap (fhabgh
15 1esgt g or) i nlilidoio W, 4R ikt oA
I oaentative imbiguity | Neteethet atberctoupling methedstsuelpas inductive or
In this case, if.the plane of. the inductor.is flipped
¢ helePrrmRaBit,are st SErEP R S Tebe S G s Byl R
doggiukife $yRAMEeH (B8Dland 6f thk GadiktalasRiveised taativeavalie Hpfield,
anbi gui ty "by showi ng a di agram of the ;gst em and

wa thefiodursd yelingaeartiesdhe aprosite signdy Yigue REthsfpst thatader

with different coupling val ues andd&ossessi ng
opdifferent threshold tol eranggs=-901—+s the reader

devi ce, connected to antenna 502. Cdéser-coupl ed Tag 1

(503) and.. further-coupl ed.Tag 2 04)..are.coupl ed .
(b S B Aol Al 86 Bkt i
the linked magnetic flux, which is differentiated with respect to time ¢. In this
case, if the plane of the inductor is flipped the linked flux has the opposite sign

and so also does the induced emf.

25  FIG. 5 demonstrates power-up ambiguity by showing a diagram of the
system and waveforms seen at two tags coupled to the same reader with
different coupling values and possessing different threshold tolerances. 501 is

' the reader device, connected to antenna 502. Closer-coupled Tag 1 (503) and
further-coupled Tag 2 (504) are éoupled through field lines represented by 505.

30 The reader carrier waveform 507 rises relatively quickly depending on the



30 The reader carrier waveform 507 rises relatively
gui ckly dependi ng on the WO 2004/ 082304
wWOEDARB004/ 006922 20 transi ent response of tPET/US2004/006922
transmtter filter. However, Tag 1 and Tag 2 will have
DC waveforns that rise nore slowy since the DC-side
bypass capacitor has a |imted anount of i nduced
charge avail abl e to accumnul at2® per RF cycle. For
strongly coupled tags, nore charge is induced on the

ant enna to ed 5 o
ca aey ?‘brfe??é’Pse‘ffetPg% S&n]]ttfrgh sequen?cﬂkl sesyjfpagﬁ“luhave
Ve gl Wateiophethat Agsmbid slowig\sinck essDChadgieypasdicupacitd@rhas a
their plates and hence wll_take | onger to charge the

s alimitgdparnsmt efiadneedrchargg supiiably ‘I%ﬂcé‘é@ﬁ]@r?d)qr & cycle. For
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ad uEreRtiouying ngv@hu tnileseyarnes ?h?gseweecafmw@ﬁ mlv%eme
10tag1 SERYR! %Q@éfoﬁﬁs 30 QWTh%dl)%d 53§ (ﬁﬂq\HEZDn
orrrs S Tag 1 powe and 521 (Tag

povver o) adcﬁtl@n the thegporaythasic e@nmneahtmrames M ingayinoy line
reader,

po%B:‘1 ‘[‘%Vb‘?:ﬁlgl%té’g e iR, ShRedE Erafgoe will affect

Or ing'hAdshOIa uBEMRAdetérafife whettiePtht CiRRof! @BkitRegHs 66dn
602 are immersed in E 20 field 603, and a voltage is

i ndatisfiedh Thosedalecancesiwvill pdshibsthenuncsrambo, thepstant at which
15|V g'gge £ rhdeRRBLRE BEER dhl'Ss RS b yhlvefilfhs 90\ Phe 4

@W@f—o%d(mqfragerﬁomgoﬁ}l of the anal og and .
digital _circuitry on the tag that dra ovveég and a
ener gy ﬂ@r@&@@ﬂ%ﬁo@éﬁt‘?ﬁ&{n 1wty hyes %5%&’5 v the same E-

L;feﬁe"{‘g%fe‘a&er bfer lls%ﬂr@l:esgécp&f‘ﬁioﬁrpdi aﬁ@ ante?tgd tlﬁ aR09

rifon T etur N point for al
CI ronenihﬂom sensh)etagsagl“ag:antemiael@tmdcﬁt GQ1i, 6&2 etmmersdden E-

SN STV M e e

antv%ﬁﬁgb is ‘éﬁf{ﬂ%@i%!ré’s@ $hSfMtifér ABSwhithls Icaded 6n WRVBERIA® by an
for the age between nodes 604 and ground 609. 61

i s entrgywissipatiomelentent 67 (renresegting ellwé dhe anslnasndoligital

circuitry on the tag that draws power), and a energy storage element 608 that is
the bypass or ripple capacitor. The local ground for the tag is 609 and is the

25  common return pomt for all of the circuits on the tag A

’ For the orientation shown, the apphed E-field is represented by the

waveform 610. The clock signal can be recovered from either of the antenna
connections 604 or 605. 611 is the waveform for the voltage between nodes
604 and ground 609. 612 is the waveform for the voltage between nodes 605

30 and ground 609. In both cases,‘ the waveforms will not fall more than one diode

drop (for a given injection current level) 613 below the local ground due to the



30 and ground 609. In both cases, the waveforns wl|
not fall nore than one diode drop (for a given

w0 njogosizon current |evel) 613 bel ow the | ocal PBEDURIN04/006922
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due to .the WO 2004/ 082304 PCT/ US2004/ 006922 21
structure of the rectifier. As can be seen fromthe
wavefornms, the rising edges of the two el ectrode

vol tages differ by 180. Now i’ the orientation of the
tag is inverted in the field (or equivalently, the
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modulation (PWM) to signal back to the tag a synchronization event.

Inserting a gap that begins at a predefined phase of the reader clock,
lasts for a predetermined duration, and ends at a predefined phase of the reader
signal, gives the tags an absolute reference with which to orient themselves.
(The duration of the gap is not critical provided it is not too long, since the tag is
operating only with stored charge during this time.) This is shown in FIG. 25.
In the preferred embodiment, the reader waveform 2500 has a gap 2501 that
starts and stops at rising-edge zero crossings 2502, 2503. The gap is not

inserted until a predetermined time has elapsed that allows the tag’s bypass
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frequency divide-by-two circuit to recover the original frequency at the proper
phase. Either way, detection of the end of the synchronization event enables the
tag to commence with the transmission of data, provided the predetermined

| conditions are satisfied. Both of these embodiments are further detailed in the
following text.

FIG. 26 shows the embodiment that uses the full-wave rectifier.

Electrodes 2601 and 2602 serve as the antenna, and the differential signal that
appears across these nodes is fed to fast rectifier 2607. The full-wave rectified

waveform appears across load 2608. Buffer 2609 isolates the rectifier from the
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transmit waveform with gap 2702. Note the gap begins and ends on a rising-
25  edge zero-crossing. 2705 is the fast rectifier 2607 output, and is also the
- \n;a\.refoﬁn that appears at 2610. 2707 is the ramp genefator oﬁtput and 2708 is
the threshold 2613. 2710 is the comparator output 2615, and 2711 is the one-
shot output 2619, which is used to clear the divide-by-two flip flop 2620. 2712
is the output of 2620, and is the final, properly phased clock to be used for all

30 subsequent timing.
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such cases, it may be more efficient to utilize a locally (i.e., resident on the tag)

25  generated symbol clock with a free- runmng but synchromzable oscﬂlator In
'- such cases, the local symbol clock (e.g.,anRC oscﬂlator well known in the art)
could be started at a given starting phase (initial condition) based on some
characteristic of the synchronization event, e.g., the end of the gap.
The previous paragraphs detail a passively powered tag system, where
30 the reader signal not only provides the timing but also the power source for the

tag. Other embodiments or applications could call for tags that are self-powered
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the timng but also the power source for the tag.

O her enbodi nents or appllcatgons could call for tags
that are sel f-powered WO 2004/ 082304 PCT/ US2004/ 006922
(Sé g Qith 1\64:51%&&%5 badH 18gd WA ntFuira g piesnbe 8Othe

fe the presence of the reader carrier to provide
pomdpr earder to pracide pawes and iesush ﬁ@&@ﬁdh@‘ gwichegnizajiepevent

© oSl the BreRasc e A 2aer Byf L bifosBY loie Ao RBPRE S turkih
e ngh&bo mt%utchﬂ&o b&\@tﬁﬁbﬁéd&haﬂm&aﬁ@ﬂ gdpab@ous@ pakejaesdedyy a
short burst of carrier, where the characteristics

of shore butsbef castiers Whete theeharegierassics of thgsherypurst of carrier serve
synchronj 2| ng..event. Returning to the passively
po Hée a%n}%eveg?er enced above, the tags 110,

120, 13Q{dttﬁlnldg€to dRspdskivel poyeiaieykteanasfeferéved mborad, the tags
usi n8 a multip pass _transm ssion al%orlthm The
P

rrullﬂ 129, éé@sn thpdﬁgqﬂbgé BYicra tgasmit fhaly datg psing eaqmltlwe pass

ern t [
SR TRRH8 AR, Fhe WiRHRGal Fhstlieslolul bt id Bitical in
Th degemnaring thederl eafingyintk ofithe tegs aIIQ,OIQiOt mm iand chadists of
each tag 110, 120, 130 wll choose a

cul ar. )
( YA TTreht 4Pt Br e EPRFHIOCARIALI e algorithm is tha
r % E?{tlbﬁgfod 180 %}'}ﬁ@ Sdsg %rﬂahmﬁlaﬁ ‘”\‘ﬁl%ferbﬁl%ltahﬁnform random)

i ment o t he "descri bed sys
chahaglel £& coplnpaticasion? #0edch atgoplltlualplags based directly
on the data 220 st.ored.on th ta The 110
wi 1t hah e ietered Prbod iRt OF fie b it sy e, R chigfnel
i d %etebtfld)rmo ﬁ@yﬂ@zﬂﬁ) baséd‘diré'tﬁlyﬂﬁﬁtﬁ@ aﬁmzemhﬁsd Bﬁ fe t@8110.

he chosen channel ,;” until the next pass of th

aI Geitambd 0 will then typieallyeransm its infoymgtion §- %éﬂﬁ@tf&ﬁh‘éﬂl data)
and_r.epea] S
R R S S
of ddeithif sitwiicke daledt Wilhettbose answichaimeh and napiehti tha prdcess.

th f d embodi t ft Th
© hRATAIGBISOS Gf BeiEcHE AR OF 5%2%51 ¢ E/nsaEeBiped fopvirtue
Pr egenShtt %ﬂetef@glgﬂ n‘ﬁ@&&h c@ndttlé’t?t Fbrfédteﬁﬁfodﬁﬁent

tag progr amm ng ypi cal act ual
datdf tigainkerted. by t he tag or possibly in the desi gn of
the 25 t

pr esent ﬂ%\fé}tﬁf\q{fl f glef fh;{egﬁﬁlé I‘ &%rtaelgds ate Ecl)Sdedrlrl%g}‘l p?ede%ermmed

information (i.e., determined either at tag programming 230 in typical

embodiments, actual data gathered by the tag, or possibly in the design of the
tag itself). In the preferred embodintent of the present invention, the channel
selections of each tag 110 are determined (in an algorithmic manner) directly
from the identification data 220 that is stored on the tag 110 (as further
described below). Also note that in other embodiments, the predetermined

information above can include pseudo-randomly generated numbers not directly

30 based on the data stored on the tag 110, as long as the sequence can be derived

in some manner in the reader receiver.
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utilized for the channel selection in each pass of the algorithm are unique and

25  contiguous sections of the data 220, preferably pre-randomized, though these
- conditions are not sfriétly required. A pafticular selection of channels for passes
of the multiple pass transmission algorithm is termed a ‘channel selection
profile’.
For example, in a system with 128-bits of pre-scrambled identification
30 data 220 stored on each tag, unique but sequential sections of 8-bits may be

utilized to choose one of 256 (i.e., 2%) channels in each of 16 (i.e., 128/8)
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for later channel selections 1220 (in order to extend the unique channel choices
before any repetition of the pattern occurs). For instance, after 16 passes of the
multiple pass transmission algorithni, the tags may shift the channel selection

 data (e., the predeférmined dafa) By n-bits (where n=1..8 for the above
example) to arrive at new channel selections for subsequent passes of the
algorithin. In this manner, it is possible to extend the number of unique channel
choices practically without limit, though the tag circuitry complexity is

increased.
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Several numerical examples of colliding tag transmissions and their

20 remedies are discussed below in Section V - Collision Mitigation Methods.

In many cases, the number of tags present in the system (at a particular
power-on level) may even exceed the number of available channels (especially
on earlier passes of the preferred embodiment algorithm, or when the number of
available channels is set low as described below). This situation is completely

7725 acceptable in the bresent invention when ortho gonél channelization means are
utilized. Note that typical DS-CDMA systems (using quasi-orthogonal
channelization codes) would be considered overloaded at that point, and reliable
communication could not take place (especially without further knowledge of

the tags' transmission characteristics). Importantly, in the described system, the
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where L is the number of transmission passes that are required to successfully
transmit the data, R is the transmission (signaling or channel symbol) rate, B; is
the number of data symbols that are transmitted per pass, and N; is the number
of channels available (or spreading gain) in the i™ pass of the algorithm. Note
25  that in one embodiment of the described system, L can be equal to 16 passes
(allowed), B; is fixed at 128 bits, R is equal to 62.5KHz, and the particular N;
values are given in the example above, though this is only one particular
embodiment of the system. Many other signaling rates and data formats are
possible, as are many different carrier frequencies for transmitting the

30 information. Recall that the number of channels available per pass (N;)
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commumcatlons channel is poor, and the reader 100 does not employ the more
sophisticated signal processing (e.g., advanced collision mitigation) techniques
referenced in Section V below. Increasing the spreading gain increases the

25  system's immunity to other noise or interference sources, which also increases
system robustness (allowing it to operate successfully under a variety of
communications channel conditions).

Tn this manner, systems with a small number of tags present would

typically not be penalized by the longer transmission time of systems with a

30 larger number of (earlier) channel choices, while at the same time systems with

a larger number of tags present would also not be significantly penalized (since
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The actual choice of the number of available channels per algorithm pass (also

called a dynamic channel profile) in a particular embodiment of the system may
also depend (in addition to the expected number of tags present in the system)
on the expected or predominant type of signal processing algorithms (such as
the type of collision mitigation algorithms) utilized in the reader 100.
Specifically, in the preferred embodiment of the described system, the
random channel choices are utilized to select a particular spreading code (or

code channel in 1220) in each pass of the multiple pass transmission algorithm.
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Chapngléin the place of the LFSR PN generators (e.g., Walsh or Hadamard

_ 25 functions) in other embodiments, though such codes would not have as ‘
desirable interference rejection capabilities. The data 220 stored on the tag 110
is then spread by the generated spreading codes 1260 by traditional means 1230
(e.g., an XOR gate in digital implementations, or a multiplier in analog

implementations, as is well known to those skilled in the art). The spread data
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I s nkotmbate the chities supplied by the reader 100 via transmission element 702;

thus, they have no local oscillator (though the use of a locally generated carrier

is certainly possible within the scope of the described system, and does not in
25  any way limit its application). In the preferred embodiment of the described
system, power converter 703 rectifies the carrier signal from tﬁe réader 1»00 ch>
that the reader 100 remotely powers the circuitry on the tag 1 10. Note that the
use of actively powered tags is also possible and does not in any way limit the
use of the present invention. A general goal of the system is to minimize the

30 complexity of the tag 110, and through the use of the described techniques in
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.25 The signal processing performed by the reader 100 can be performed in
either hardware or software architectures, or some combination thereof. Typical
embodiments will include some selectivity 1365, amplification 1370, analog-to-

digital conversion 1375, and DC acquisition and gain control functions 1380.

In general, the reader 100 may also perform active or passive

30 suppression 1360 ofits carrier signal in certain embodiments, and interference
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(possi bly enploying <collision mtigation techniques,
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instruction per second (MIPS)) in the reader demodulation processing 1390.
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(e.g., 10 MOPS vs. 570 MOPS) may be utilized in the reader 100 in the
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co ¢channel s (or code phases as in

Once the composite received signal (consisting of several m-sequeﬁce
code phases) has been re-ordered in a storage medium, such as a memory buffer
1530, it resembles sequences from a set of valid Walsh sequences, and fast
transform techniques, such as a Fast Hadamard Transform (FHT), may be
utilized to rapidly (and concurrently) despread the data from the tag 110 for all

| »data channels (as shown in 1540). FHTs are used to rapidly correlate data -
sequences against a complete set of Walsh codes (in parallel), as is well known
in the art. Any transform related to FHTs (e.g., Fast Walsh Transforms, Walsh-
Hadamard Transforms, recursive Walsh transforms, etc.) may be utilized with

the described fast correlation methods without departing from the spirit of the
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(1530 or other storage medium) as they are received (linearly) in time. This
sequence of addresses (in 1520) may alternately be stored in a storage medium
25 (e.g., Random Access Memory, Read Only Memory, Hard Disk Drive, etc.)
- ‘1nstead of being actlvely generated in the receiver. Note that these sequences
need only be generated once for each base spreading code (i.e., primitive
polynomial) utilized in the system. In this manner, the elements of the received
m-sequences (or sums of m-sequences) are re-ordered such that they now
30  represent exactly the elements in Walsh sequences (or more specifically, the

rows in a Hadamard matrix). Thus, a traditional fast (Hadamard) transform
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the preferred enbodi nent
active FHT bin during the channel selection portion of the received data

25  sequence can be verified by matching it up with the binary FHT index value

| (since the two sequences should match for valid data). This technique enables
a crude form of additional error detection, and is shown in FIG. 18 for Pass #2
of the multiple pass transmission algorithm. Note that the data sequence 1820;
1830, 1840 over the portion 222 used to select the channel 240 for the second

30  pass is the binary equivalent of the FHT bin number.



The out put signal |evel at each FHT bin corresponds
directly to the signal |evel 20 on each code channel

wa2e0/08s049., for each code phase) after desprendi/ng2004/006922
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Thus, the conposite received signal has effectively
been channelized into its constituent conmponents at
the output of the FHT. As further discussed bel ow, the
data signal 1550 at the outpud® of each active FHT bin
during the channel selection portion of the received

W th Chd P GE ez Suhting i TR ot

Squeﬂh@@%m‘ébﬁlu{dﬂ i@ to fapid d%aém@thdﬁe dile., desprzad)Rgpyseive:

enabl e a crude formof additional error detection,

an @od%c@@@lﬁ (o, dgphass)isrthepreicrred engffodimentriNote fiaba N-

pass : :

P o Bish ER1T BUR SRS 50 it ABhGAREN MR OB cocn
t 0 recelvedtsyinbel gdidrig the2dleil @ (whith @eeemshds &Dtlﬁaé@nteﬂ
the binary equival ent of the FHI bin nunbe

200gspgpelringxny dgsprsading 9pgation £y cppl B‘Ef@’htl%l ﬁiétaccétﬁ@iqh and

e R AR Bl o P IEbHACATRI rbpdidor dverk ity

d ﬁ&ﬁh@@;d)ﬁh@oha]ﬁ\@’&&? bbéesdﬁ)ﬁ fri%annhlmmg Fmcfionsg in whistlease the
phases |ntepreerr enbo te that a N

poit Bkl ‘FiPPr“WPq COrEEpQIg VCB@ tq @153‘3 03% @@ﬁ%%an%ﬁtxes (and no
N-¢h ef&aﬁhg K}} RlesERGBces n?ﬁéﬁ% ssfxmoﬂarnwﬂamstgasd of

recei ver corresp to the required
d e an’ttanfelemeznejagtlam da;r.ﬂaﬂpree sdhien gompaned to the preferred embodiment

P e ointh Walsh SR einR Rt pd SR Reriodic 537 il B Wikl
ut bbﬁélﬁtearv&lhp@&mhc N felere 0 981cEQ ITHRRSBRE tneéireﬁrred

functi ons, case the FHT bi ns woul
coembegisrut qf ﬂlecswtymtlmhtzeﬁespmaﬂh aggraented ahsrguenged exes

(an rderi

Sy g @ﬁ;ﬁhﬂggéﬁ]ﬂ glfmf-] g{}gg}éeo a ogoggscp%e ? é e{i%%nctg%ques Also
I ejpektthatrit ©apasticily ne&ssmhyatb wiliveahedescribéhfispictfetationd
enbodi ment, though, since WAl sh channelizing codes are

peﬁqcbmqee%lﬁ&h%é%ﬁcab%smegm (1y3 brpte deics o8 draditioRalper i odi ¢
E&gélgﬁ&{)ﬁgsplsé% H{rfpG8chnic ‘}rkf‘e utflﬁ@e)gl fe El?edim emeén ation

iment of the“syste ut| izes sp aug
m ses|(eps escubarksd and eumneit ldzalm)gwﬂl,bmhlgbe;rsn saa:idlrmpiementations.

above descri bed dulatlo ues. o, hote
Chat it Aoaesamefcs fua st debdie TR 14 0E%6 8%
de%ﬁécha{@@dhugaﬁhteew @é@%ﬁ&@ in &h%cm@ raheSiteR, tHeQequence 1260
describéd System (i.e., brute force or traditiona

corepatsgnied ﬂv/ydh@ phevad setpction Malng d &30 frayof@0Qi (1iir éd?)aiy will
th B¢ Q)q li ﬁﬁ 01 %)6 1%'65” %Jle i sequence 1260 represented by the channel

selection (mask) 1130 value of '1001' (9) in binary will be '0010110010001111"

(which is Just a different time shift or code phase of the same basic m-sequence
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the tag PN generation and mask circuitry for a primitive polynomial of 23
(when éxpressed in standard octal notation) is shown in FIG. 11. Two tag
transmitters are assumed to send these sequences independently over the
communications channel. The reader receiver will resolve these two signals

using a special re-ordering function 1520 and FHT processing (as shown in
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1530 is initialized to a +1 value, and processing (i.e., re-ordering 1510 and
30 FHTs 1540) continues as normal. In this manner, very fast correlation can be

performed for multiple code channels (or code phases) for traditional PN
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channel i zed_  (or. de-channelized) 1620 in the reader 100

as channels as described above. Other embodiments of the system may utilize a
bank of (parallel or time-shared) traditional despreaders (in place of 1540, 1620)
to perform the dechannelization and despreading process. A despreader

25 typ1cally cons1sts of a multiplier followed by an 1ntegrate and dump function, as

is well known in the art

In another example of the communication system, other embodiments
may utilize orthogonal timeslots as the channel (such as in a slotted ALOHA
system), in which case signals from different tags would be demodulated as

30 they arrive (at different points in time). It should be noted that the selected



illustrated on FIG 16. Each channel is then generally
processed separately (though possibly concurrently)
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denodul ate the incomng data until all data fromthe
15t ags has been successfully received (further using the

nmet hods descri bed bel ow). Al so, when advanced

collision mtigation 10 technl ques 1630 are utilized

in the reader 100 : D .
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o o A Byl B! fﬁﬁrgﬁé"%‘@“é‘f‘"@%f’?e i ceons
n Ohﬁmﬁiaaieswbésqﬂme (almaasﬁysmﬁmhhﬁum dyisRiiefoR3dfch the tags
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channels among multlple tags (i.e., random assignments are effectively

utilized), there will inevitably be collisions of transmissions from the tags in the
described system. A collision is defined as the case or event when two or more
25 tags choose to communicate on the same channel at the same time (i.e., during a
particular pass of the multiple pass transmission algorithm). It should be .
recalled that the assignments are effectively random because the data stored on
the tags closely approximates uniform random data, as indicated in Section I of

this document.

30 It is possible to either utilize or not utilize collision mitigation
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system, though other methods (involving oversampling and the post-sampling

determination of optimal sampling time are possible).

25 - The preferred embodiment of the receiver utilizes a reduced complexity
method of estimating the signal energy on each channel. In particular, this
method examines the cumulative (summed) absolute value of each channel’s
optimally sampled despreader output signal in the described invention. If the
accumulated absolute value for a given channel exceeds a predetermined

30 threshold, a signal is said to be present on that particular channel. The



these signal characterizations occur per channel, and

are generally perforned once despreading is conpleted
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(though it is also possible to perform equival ent

operations before despreading wthout |oss of

generality). Note that the received signal is

synchronously sanpled (at thet optimal sanpling point)

in the preferred enbodi nrent of the system though

L L B e
ar gie e6hdtins indRe read&leeBiPdrR ! TS nRfRA R adiffangagg over

receiver utilizes a reduced conplexity nethod o _
es tiad#ionabenergy estigratibn ésver gi/squareslmpanshia the it doem not require
m nes..the cunul

i cul £ hi hod '
(< By iplittdteonaruas o SRnTE pisaferne ot |

sanpl ed D ' J Nt '

s SRS o byl P S IIEREE A o
gi wasweleaiatioh ASIC sigfisi(s) fipnea eleds tipivatly J6tecfedasmabiiactmg out
signal is said to be present on that particul ar

chanyarean sigaaliey e dbes deyaneapaT S8R iow 0deond to ghtain a

r ] : r
PS5k LA Rt SF SR I HRoTRE ol OO RTER AL

r e Geonreatized) Bignal, e tbsetibbd sbavee Node that a fermoseautomatic gain
traditional .energy estimation (su f squar.es) nean

10; n cppze! (Ffso ifp LY ey be @’Phéé&i Pﬁmhize q ignal levels

operatiguns to.determne the presence of .signals.
Shec 11 &iey digti G ted e Pao Bt Gampeln o aed, 100 must
SY $§peallyl ditechIfRs@MEohas dtcliovd ettt th@nclAFhis agaydically
froma tag is typically detected bg subtracti ng out

anye aebifvesi ynheyanisipg|thg yariance gtthg apsplutgyalue of slsppormaliped
i . . a0
2 SRBAELI P R i B8 B 00k B vlu o e
15 ( neignal éxzeet)s semgr{differar) theshoidpe doltibionds sdid tehdveaiccarred on

formof automatic gain 10 contral so in 1380) may |
al §t Béﬂl&ﬁ%f P%admﬁb(%m 9 Fid¥ lﬁa}aﬁpﬁﬁa{wﬂ%ﬁsg%épf)ferem tag's
| e‘iﬁ'd%}a— Q%qﬁlG"?‘l’gj; ORRkwise, H8hsesRA0R sAidRbEIpFdR on that
channel, the reader 100 nust "typically detect it a

.cokharmieb(@as AElG@.C)r Aechaoneliwigt a singlerségnal Presentreait is also

typi cal,ly, . be achi.eved by .exam nin he vari ance of
 hEeRd e sidR e uRyF ool P aes oSy YRllpe REfefr

20 OV @&coS AR thdt fBicRRE bPiverading BEhESY haddueeridntd ARl dRalods Ray
val ue of the 15 signal exceeds sone (different)

t hibe ytitized todnereaseitheipreliabiliby(eds-t i inergasedbe SNFeef tha
bt . Lot .
o PaREY, S8R o REHRBE e WD iRt s S R B

17 hieaOirb@es $€nd wilidet gh theSubseghentFilteding), the boroicasnd and

on t hat . . .
more reliable the estimates will become (i.e., the higher the processing gain).

25 - - Asmentioned, the reader receiver can sense collisions on each channel .
by examining the variance of the normalized signal on each channel. The
variance of the normalized signal can be thought of as an error signal, and
represents deviation from an ideal signal. Once again in the preferred
embodiment, a reduced complexity means for determining signal collisions is

30 performed. In particular, the absolute value of a normalized (possibly dc-



channel (as in FIG 18). A channel with a single

signal present on it is also ternmed a "single
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art 20 recognize that filtering or averagi ng of these
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again, these signal characterization measurements are typically performed on all

of the available (possible) communications channels in a given pass (which may

25. .vary with the pass number of the multiple pass algorithm, as described above).

Thus, the reader 100 typically characterizes whether any signal is
present on (each and) all of the possible communications channels per pass, and
whether a collision has occurred on each channel where signal(s) are present.
Recall that a collision is generally defined as when two or more tags utilize the

30 same comumunications channel during the same pass of the multiple pass



Collisions may be detected by alternate neans, such as
standard error detection (e.g., CRC) neans, though
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communications resources. In effect, the entire system is a self-organizing

network, where all of the organization is done in the reader receiver instead of

the transmitters themselves. Note that the removal of the signal does nothave

to be exact to realize a benefit from collision mitigation.

FIG. 19 shows a general flow chart for reader actions when utilizing
collision mitigation techniques. In this case, the reader 100 will attempt to

resolve as many collisions (e.g., errors in data) as possible before moving on to
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transmission conditions. In the preferred embodiment of the present invention,
25 thereader transmit power level is held constant in order to continue
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30 to the data length (in bits) divided by the sum of the channel selection portions



conmuni cations algorithm The maxi num nunber of passes
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o Dhea bie el 0P £ RGEmiin siple B 87 el PRPRORee ceg
10}9&s$sr toHae a ReEnaHIO¥shfideAte thht all of the 50 (or so) tags have
successfully transmitted their data on a unique channel. Once again, the reader
100 would only have to be able to determine when there is only one tag 110 on
. 25  achannel to receive its ID data. This would resultin a substantial total
acquisition timesavings, since only 10 passes were performed instead of the
absolute maximum of 16 passes given in the example above. Further
simulations, statistical or probability analysis could be applied to determine
other confidence levels or the number of passes for a given number of tags.
30 Note that in some applications, the reader 100 could utilize the maximum

number of passes the first time it takes an inventory, and then adjust the number



takes an average of 7.73 transm ssion passes to

identify 50 tags, though a 20 maxi num of 10 passes was
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process (€.g., it may occur at the chip-rate or it may occur after despreading in
the preferred embodiment). The preferred embodiment of the present invention
25 = performs collision mitigation after despreading in order to reduce the
implementation complexity.

Generally speaking, a family of collision mitigation techniques exists of
varying levels of complexity, and they are generally more complex (e.g., require
more processing power, memory or hardware) than implementations that do not

30 utilize collision mitigation techniques. However, such techniques generally

result in much shorter total tag data acquisition (reading) times, and can greatly



regenerating a known signal and subtracting the known
signal fromthe total signal population (or conposite
WO e@eiossod4 si gnal ). Known signals can be 20 conBCTiEsmd4/006922

as interference to other (unknown) signals, thus the
descri bed techniques are also known as interference
cancel l ation techniques. Note that this interfering
signal subtraction may occur 58t any stage in the
denDduIation process (e.g., it may occur at the
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for fut @pecifieally, fesdverage argsm lsselQﬁtsd pa@Esibipphiee) folN@hGh
that the observed signal levels fromthe tag 110 are
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simplify processing in the preferred embodiment of the system, the average
256 cumulative absolute value is computed (as in the signal detection stage
described above). The average value of the (possibly dc-corrected) absolute
signal level on each channel (after despreading) represents the expected signal
level for that tag (i.e., a received signal strength). For receivers employing

complex data paths (such as those in RF-coupled systems), signal phase may

30 also be averaged over some portion of the transmission pass.



create the known signal and accurately subtract it out
fromthe aggregate received signal, thereby renoving
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Specifically, the average signal |evel (and possibly
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fashion in order to ease understanding of the process. The process generally
involves determining which tags 110, 120, 130 have successfully transmitted
their ID data (as described in the receiver algorithms above), and keeping a data
structure (or list) containing known (tags') channel choices and estimated signal
levels for each pass of the multiple pass algorithm. Once a tag’s ID data and the
signal level of a transmitted tag signal are known, it can effectively be removed
from any subsequent collisions involving that tag. Note once again, that the

signal level can be measured and filtered over increasing lengths of time to

obtain increasing levels of accuracy of the interfering signal level. Thus, in one



Arelatively sinple formof collision mtigation

i nvol ves subtracting known signals from subsequent
w@amgmes230f the nmultiple pass algorithm (in a POT/ME20d4/006922

direction wth respect to tinme). Thus, this form of
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computationally complex (and generally requires more memory to store prior
communication passes), but results in greatly reduced total tag reading time

(reduced by roughly an order of magnitude over methods that do not perform

any collision mitigation).
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general, this type of forward <collision mtigation
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reading tinme inprovenent over methods that do not

performany collision mtigation. Another nore

advanced formof collision mtigation involves 20

subtracting known signals fro®s both subsequent and

previ ous passes of the mul ti ple pass transm ssions.
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Note that since the spreading gain can change dynamically (per pass), as

25 ‘dlrected by the reader it may be necessary to re-normalize 51gna1s fora
particular spreading factor before subtractlng them out from the compos1te
received signal. Also note that the recursive passes of bi-directional
interference cancellation may be performed in any order (in time).

Once all of the tag data has been received, the reader 100 may check the

30 integrity of the data via the means mentioned above (e.g., error detection and

correction), preferably before any signal cancellation occurs. Traditional data



current pass), and resolve nore tag signals virtually
continuously, until a point is reached where no nore

waisensssah be resol ved in any of the passes (UPCT/OSENH006922
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transaction (read) time, “depending on the Si gnal i ng
r ateexplain the example are a state diagram of the system, showing which

channel each tag picks to communicate over on each subsequent pass through
the transmission algorithm. The states in the example are unaltered outputs of
an actual experiment using a random number generator to choose the channels.
The type of physical channel (e.g., code phase, etc.) is irrelevant at this point.
This should provide an accurate model of the overall system due to the data

scrambling portion of the present invention as detailed in Section I above.

The example detailed in FIGs. 21, 23 and 24 assumes a population of



and data payl oad size, as described in the equations
above. Exanpl es of System Operation The operation of
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20 exanples. The exanples will detail a sinplified,
hypot heti cal system of tags that draw random channels
each pass. FIGs. 21, 23, and 24, which wll be used
to explain the exanple, are &5state di agram of the
system show ng which channel each tag picks to
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33%?%%2\22 dtBingdes #5 BRnnel 8%ufingiPhis ) 8RS So GRAFRRA this
list, it can be seen that, for Pass #1, which draws a channel from the first octal
digit, tag 1 is the sole occupant of channel 0, tag 3 is the sole occupant of
channel 4, tag 5 is the sole occupant of channel 6, and tag 7 is the sole occupant
of channel 5. Since there are no collisions in these channels, tags 1, 3, 5, and 7
are successfully identified in their entirety; tags 1, 3,5 and 7 commﬁnicated their
full ID in a channel that had no collisions. On Pass #1, however, tags 2 and 6
collided in channel 1, and tags 4 and 8 collided in channel 2. These tags cannot
be successfully identified, and will require subsequent passes to be resolved.
The reader 100, observing that collisions exist, leaves the power applied at the
present level and allows all of the tags to draw another chahnel from the second
octal digit for Pass #2. It should be noted that none of the tags know whether
they have successfully communicated their ID information at any stage of the
transmission process. Only the reader possesses this knowledge; it will signal

the tags when the entire reading process is done by removing the transmission

conditions (e.g., powering down).
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the transm ssion conditions (e( o ring down). WO
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With no collision mitigation, tags have to show up in a channel all by

20  themselves in order to be identified. If the experiment is allowed to run enough
times, this will happen. However, with only a limited number of bits in the tag
ID 220 information, the experiment may. only be run a limited number of times
before it starts repeating. For example, if the tag ID was 96-bits long, and three
bits per pass were used to draw a channel (one of 8), then after 32 experiments

25  the process would repeat. Since there is a high probability of at least one
collision per pass (99.76% for this scenario), there is a small but finite

probability that a tag’s ID can ‘hide’ in collisions on each and every pass



0. 0796 channels contain 4 tags, 0.0093 channels
contain 5 tags, 7.2 x 10-4 15 channels contain 6 tags,
wWd 2004083384 channel s contain 7 tags, and no caseBCD{S2004/006922

eight tags in one channel were recorded. No Collision
Mtigation Exanple Wth no collision mtigation, tags
have to show up in a channel all by 20 thenselves in
order to be identified. If tl@ experinment is allowed
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f our ot her ta?s Since it takes at least two tags to
(unused) channel. Since the reader 100 knows the complete lD for tags 1,3,5

and 7, it knows what channels these items will be occupying in the next and all
subsequent passes. The reader 100 knows that tags 1 and 5 will go to channel 0,

25  and that tag 7 will go to channel 4 The reader 100 thus expects there to be a
collision on channel 0, but there isa poss1b111ty that there is also an unknown
tag that is occupying channel O (in this case, tag 4). Channel 0 indicates two
known tags and a potential for one or more unknown tags. The reader 100 was
not expecting a collision on channel 1 (since none of the known tags were

30 expected to choose that channel). A collision here indicates at least two more

unknown tags, with perhaps more. A collision on channel 4, where only tag 7



result in a single collision, it takes at |east 4 tags
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known tags 20 and at |east four unknown tags, or at

| east eight tags in total. In Pass #2, only a single,

previously known tag i s occupying a unique (unused)

channel . Since the reader 1068knows the conplete ID
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20 f r SEMARGEIStatiqugganbepadeion QS%&%%AIE@S% - col i de
on channel 6, but there nay be additional tags there.

This | ei‘t‘l’ﬁg’ss%\,/%% 044 5R4S Alfa&ﬂerfcro?ﬁrsli&{se\%rg lé§pected. There
are now eight identified tags, the minimum number expected from previous
passes. However, there could still be tags hidden in the collisions. For
-example, there could be a tag that chose channels 1, 0,4, 6,3, 1, 1, 5, and this

25  tag would be hidden by other collisions. The probability that a tag would have
this particular ID would be 1/8% or 6 x 10°.

There could also be a tag that chose channels e.g., 2, 4,4, 6, 5,4, 5, 6,
also with probability 6 x 10®. In all, with two collisions during Pass #1, three



experinments, at |east one unknown tag. Pass #5
identifies no new tags. The collision on channel 5 was
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progression by roughly 648%/8 = 281X.

A flow chart showing the steps involved in the no-interference
cancellation method described above appears in FIG. 22.- At the start 2210, the.
25  system is initialized with no positive ID’s and no unknowns, which together
corresponds to a total of zero items. After the analysis 2230 of the first pass
2220, positive ID’s (e.g., items 1, 3, 5 and 7 in Pass #1) are recorded and added
2240 to the list of positive ID’s. The number of collisions in the pass 2250 is

also recorded (e.g., two collisions in Pass #1). If the collisions were anticipated



hi dden tag is reduced to 3.04 x 10-6. After two nore
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to terminate its inquiry after all tags had been independently identified (in this

case, 8 passe‘s) with certainty that there were no hidden tags because all

25  collisions would be accounted for.

Knowledge of the signal level of identified tags thus offers a greater
confidence in the accounting of the inventory. However, the signal level
information affords improvements in acquisition time beyond merply

terminating the inquiry after all known tags appear individually. Thisis
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behind only tag 8, which can now be identified. All other collisions contain

only known tags, so the accounting of the tags has been completed in three

passes through the algorithm with full confidence instead of eight or more

passes (depending on the confidence level required) for no collision mitigation
~as in FIG. 21.

For a coherent static channel, the signal strength of identified tags can be
known to a high precision. Consider the case of an augmented PN channel. For
this experiment, the tags would choose different code phases of an eight-chip
long augmented PN sequence. This eight-chip long PN sequence would be
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whi ch [ col lisions.can be.capcelled out. This

is becaljnirs}’gM g%’c% > pag efnfnt%én PEFRONP RS E‘al,e °AB 0° hidy 1the reader

al 1108 Hﬂ@S@Wforﬁﬁatrrgﬂéd £Sm pREMbUs paldesa |Wiﬂﬂ)|5 §f6kﬁi‘x§aveform,

n 0 be

channel choi ces, and signal |evels would als
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15 f okdeatified alot pslyare ﬁi kdbgeqdeﬁﬂactivﬂgsfs‘kn@ﬁ'ﬁi, b& dideetiohd &%nnel
in Pass #2 sin the effects 20 of tags 1 and 5 can be
r efRVIEH 8]’%“?]:@"91&“9 ¥5e Bakeeyamnel 0. Li kewi se,

removin fects .of tag.7 e.callision on

channel @Eagﬁ?ﬁ&g ex?‘&%lﬁﬂl?\?”ggﬁ ]g%%g]f ﬂ]‘ﬁﬁl _ _asg\? LdresPads 5

#2amihl ateliderfipdiin 8bihthit ltteb®NPE ndl Wvell 8hPPhase. As with

mtigatjon, .tags 1, 3, 4, 5 6 and 7 are khown.

I'n r&@%ﬁ Wil atigationetas Hiow bpadentified én Pessul2tsinasfth®efisots
20 #1ofBYs Pand §¥hiFbl ffnoved from the collision on channel 0. Likewise,

removing the effects of tag 7 from the collision on channel 4 allows

identification of tag 6. After Pass #2 and the application of forward collision
mitigaﬁon, tags 1, 3, 4, 5, 6 and 7 are known.
~ Instead of needing the third pass, the results of Pass #1 may be revisited
25  after applying forward collision mitigation. With tag 4 identified during Pass
#2, it can be removed from channel 2 of the stored results of the first pass to
resolve tag 8. With tag 6 identified during Pass #2, it can also be removed from
channel 1 of the stored results of the first pass to resolve tag 2. In this case,

only two passes are required to successfully identify all eight tags. The benefits



25 after applying forward collision mtigation. Wth
tag 4 identified during Pass #2, it can be renoved
wo ec@miogisannel 2 of the stored results of the fPCHUSEHAE806922
to resolve tag S. Wth tag 6 identified during Pass
#2, it can also be renoved from channel 1 of the
stored results of the first pass to resolve tag 2. In
this case, only two passes ag® required to
successfully identify all eight tags. The benefits WO

2004/ 082304 PCT/.US2004/ 006922 . 63 . of both forward and
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20



activating a plurality of signal sources; and
transmtting a synchronization event to said plurality

wobomgiogasad sources to cause said plurality of PET/gRZAN4/006922
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stransm t

sources to sinultaneously transmt data in response
to said synchronization event. 10 2. The net hod of
Caiml1l, wherein said synchronizing event is one of an
absence of transmi ssion of asgarrier signal for a
predeterm ned duration and a presence of a carrier
signal for a predeterm ned ﬂghﬁgion wherein the step
of transmtting said syncﬂ ation event is
performed using pul se width 15 nodul ation. 3. The
meWeodaigt: d ai m 2, wherein said synchroni zi ng event
commences and term nates at a predeterm ned phase of
the carrier signal. 20 4. The nethod of Cdaim1l, :
Wher ei NAs@infhniticdtidhn et hphisinghelstepsof r ansm t

data in accqrdance with a multiple pass transm ssion
al gor i t #iHvREYE A glugality @4 signal saurces; 44 ni ssi on pass. 5.

The net : j ' eB i £l

nodul at ?%%nggtﬁl?gygﬁb %gn%ﬁ%nreér}%? ?{ci}nsq}dryg%glt%%ﬁ}gl% SCATE to
Sycuubd spid phiralitn o€ vignil sbarcssdotsimhiltarsously tahsmmit daalin
sources, and_wherein said synchronization event

f LieBAIEe Ensrad &ynehromizefign §Y§™y of  signal sources to
change their power-on range. 6. The nethod of Caiml,
wherein said plurality of signal sources 30

siZrul t afleomsthpdtof am 1, wisreig sat sysdsonieme evéntds one of an

I | | ted nmbol . cl. WO 2004/ 0823 .
P ERSS S ABB 5" OB CARST SERALL HTGE T ined dwrigp and o
SYpHeQnce bP# KarfiePBRA 88t BhredetBinBiaed 8hAtBE WheRiiaaR shpsrd

on said synchroni zation event, and a carrier derived
symsimiting skid syrchrpniggitanaventis perfermgtsiesing paspwidth ng:

5 a plurality of source devices each adapted for
trlgﬂgwtt@}'ng data; and at |east one destination

devi ce adapted for activating said plurality of

source devices, and transmtting a synchronization
event tbhesmpetrog of CAaim 3, vrereig é@géwm}vévmé@g oV gntcapERences

Sal i DlMhAkL hva Hed HOMGED PERKE 68 Frel @rid ineousl y
rd %tlgta a};ﬁfer espolnse&?ao salﬁlg syncrhr ni zation
event. 10

4. The method of Claim 1, wherein said plurality of signal sources transmit
data in accordance with a multiple pass transmission algorithm having at least

one transmission pass.

5. The method of Claim 2, wherein said pulse width modulation conveys
information in addition to said synchronization event to said plurality of signal
sources, and wherein said synchronization event further causes said plurality of

signal sources to change their power-on range.

6. The method of Claim 1, wherein said plurality of signal sources

simultaneously transmit using at least one of a locally generated symbol clock



8. The systemof Caim7, wherein said plurality of
source devices are further adapted for transmtting
wa@adoa/08230eeccor dance with a multiple pass
al gorithm having at | east one transm ssion pass. 15 9.
The systemof Caim7, wherein said at |east one
destination device is further adapted for
transmtting said synchroni zasson event using pul se

wi dth rnodul ation. 10. The systemof Caim7, wherein
sai d Iurahi%¥ f source devices are 20 further

adapRea B SRREATLIYRRO Sloskiommegcasat a prsietsgmined
| easHas@Bese@bonRaid s?ﬁ&lrbﬂizgtfggﬁfv%hﬁ Qni;)( Ehler 8LARY sﬁ@%ﬁ?&lgck.
ol cloc a

sai'd locally genefated sy commences
predet erm ned phase based on said synchroni zation
eveyt , apd__a carrier d?r i ved sgmbol cl ock. 25
. A’commuinications system comprising: :
5 a plurality of source devices each adapted for transmitting data; and
at least one destination device adapted for activating said plurality of
source devices, and transmitting a synchronization event to said plurality of
source devices to cause said plurality of source devices to simultaneously
transmit data in response to said synchronization event.
10 |
8. The system of Claim 7, wherein said plurality of source devices are
further adapted for transmitting data in accordance with a multiple pass

transmission algorithm having at least one transmission pass.

15 9. The system of Claim 7, wherein said at least one destination device is
further adapted for transmitting said synchronization event using pulse width

modulation.

10.  The system of Claim 7, wherein said plurality of source devices are
20 - further adapted for simultaneously transmitting data using at least one of a
locally generated symbol clock wherein said locally generated symbol clock
commences at a predetermined phase based on said synchronization event, and

a carrier derived symbol clock.
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