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- TECHNI CAL FI ELD OF THE | NVENTI ON The present invention is directed, in

gener al , WO3/0688put er networks and, nore specifically, t&EIYHERE- 10

nam ng conputer network infrastructure for identification tags and a net hod
of operating the sane to identify objects wth which particular
identification tags are associ ated. BACKGROUND OF THE | NVENTION 15 Fami li ar
to all are the various bar codes and magnetic strips enployed by businesses
to performidentification functions and the various devices used to read
them Cenerally, magnetic strips are read by swping a card wwth 20 the
strip on it, such as a credit card, through a reader. Magnetic strips can
al so read by contact or proximty devices where the card, such as a parking
or access card, 1is placed on or held close to the reader. Bar codes are
generally read by using a "light gun" to read the code and 27 JUL 2006 WO
03/ 065250 PCT/ US02/ 41524 -2- identify the item associated with that
particul ar code. Bar codes and magnetic strips , are presently the
identification systens of choice because they are cheap. The applications
for which bar codes and magnetic S strips are useful is limted, however,
by the relatively snmall amount of data they can encode and by their
inherent readability limtations. One such readability Iimtation is the
range at which they can he read. Both are short
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The present invention is directed, in general, to

computer networks and, more specifically, to an object-

10 naming computer network infrastructure for identification
tags and a method of operating the same to ildentify objects

with which particular identification tags are associated.
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BACKGROUND OF THE INVENTION

15
Familiar to all are the various bar codes and magnetic
strips employed by businesses to perform identification
functions and the varicus devices used to read them.
Generally, magnetic strips are read by swiping a card with
20 the strip on it, such as a credit card, through a reader.
Magnetic strips can also read by contact or proximity
devices where the card, such as a parking or access card,
is placed on or held close to the reader. Bar codes are:

generally read by using a “light gun” to read the code and



range systens that require the reader to contact or be very 10 clos§7§€D§@w
centineters, at nost) to the bar code or nmagnetic strip in order t ecode
data. They are also limted by the fact that no obstructien an exi st

bet ween V%HEyW§§Wer and the bar code or magnetic strip fof A2} 3er to
accurately decode data. The orientation of the 15 reader relative to the bar
code or magnetic strip can also inpose a significant readability problem
If the reading device is not properly aligned or is held at an incorrect
angl e, the encoded information cannot be read. Because of these problens,
each individual read operation requireg-20 manual scanning by a hunman
operator if high read accuracy is needed. The various limtations of bar
codes and idemgnefy cther ijpemasespeereadeditheithatsepaptdcuilde raode. of

applicatians for chi ne readabl e .t,ags that need hi ghl reliable.and
total ly aftdat Eﬂggé‘adi%éat MAF gttt iPt o ME se@%?ﬁ?nﬁvlgers?h%he radi o

frequency jglantifielion 4y&Fdms)of aghdboe BNLEe PEROY aFé ENOSDOT ,
i dentification device. _\Wen interrogated, RFID tags reflect or retransmt a
radio frequen®Pai gRRIL1CEAOOS nfah dkdsHedPFHemadas aBN8n AFARTLS0 to t he

I nt erragat : e | I U e J | ection
of hi gﬁgmy%%ﬁ??ggeaté%@g vﬁ%rieﬁﬁigné%%ls%‘?%%éf's BXS?’? i%or#eé(}%)er}q%é:]&éer' S
vehi cl e t smashamwburs: ofh dattzrtheatdan aiaptd ant byt Hdhadghiigiheysagses

through a ZAlaaids A0 1143 03 9884°0 BEI! Hle! 4Lagtuids (L0180 o
poi nt. A reading dew ce 'connecred to a conmputer proces es:¥%ee%ag
I denti fi cats othe@ugrbageamt usescht ibeylecadethel Merdmt | Batho ackargerdthe t ol
to the user o e Gadldns ke TRLe 2h FELR.LA0,dg¥iees. A8 o S, basic
types; :
10 close (a few centimeters, at most) to the bar code or
magnetic strip in order to decode data. They are also
limited by the fact that no cbstruction can exist between
the reader and the bar code or magnetic strip for the
reader to accurately decode data. The orientation of the
15 reader relative to the bar code or magnetic gtrip can also
impeose a significant readability problem. If the reading
device is not properly aligned or is held at an incorrect
angle, the encoded information can not be read. Because of
these problems, each individual read operation reguires
20 manual scanning by a human operator if high read accuracy
is needed. The various limitations of bar codes and fﬁ'
magnetic strips have prevented their use in a wide range of
applications for machine readable tags that need highly
reliable and totally automated reading at read ranges up to
25 several meters.

The radio frequency identification (“RFID”) tag is
another prior art type of identification device. When
interrogated, RFID tags reflect or retransmit a radio
frequency signal to return an encoded identification number

30 to the interrogator. A good example of RFID tags is their
usage in the collection of highway and bridge tolls where
an RFID tag 1s positioned on a user’s vehicle to respond to

an interrogation signal when the vehicle passes through a



those that contain a mcrochip and those that do not. There is a ragijgghoos
difference in cost and perfornmance between these two types; to such an
extent, in fact that they rarely conpete with one anoth t he
approprléWQ ?a¥§}type of use. As a general rule, chip tagnggﬁiaﬁﬁ?e but
have a | arger data capacity than chipless tags. Chip tags, for exanple, are
usual |y not avail able below a unit cost of about one dollar each when
ordered in a quantity of less than one mllion; whereas many chipl ess tags
are projected 15 to cost |ess than 20 cents each, even when ordered in
quantities as small as one hundred the&sand. Mdst RFID tags will have a

| onger reliable range than magnetic strips and bar codes. As a rule, RFID
tags can beollnteilegaied pbtihaut hawimgaéﬁngi@a#iéeaubnhéuéedftsight 20 and
orientation problens_as are ev%deg a gar co es_and _,magnetic strips.
Although(ﬁﬁ%b?%ﬁg BEORETRSR FBRgERSr & é@ 1Fﬁ5ﬁ ARENEEFPSE AP ARPDar code
systens, tiigeraagedatl iwfoghathey Gan ditargd i ahd YedBEdLbs thkl sex-/1d m ting
factor. Chip tags are by far the nost popular of the two types 25 of RFID
tags. A chf¥Pidly €FSists of four elements or features: (1) a conputer

mcrochdp; (2) gi{&Hi §tf ?{FFIDCOia/g?réé{?Qcééthes'o&“%@otBaQQHD edlat a
signals and back to radio signals; (3) an antenna; and ans for

provi di ng B gewdhato ¢¢Fét@iﬁlpacﬁﬂtl€ﬁ-’¢¢lylpl andovt kose IQIhIaD 3@)Ocmqt tags the
first two {‘\A%%’L%% a%e xoafc%l"c’lxlpa&&!f@lelﬁn% {0t ahby 'ﬁ&grgﬁ%r’n{%tnoc single

m crochi p, egration requires certaln conproms
perfornand@etﬁeeadthaagetwounbpesoftblBsgheau pxteﬁhL31@odbEMatmhauﬁ 27 JUL
2006 VO 03 005250, PETL R0 97 “dhie 'SRHES o 80 LRI RRAL
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10 type of use. As a general rule, chip tags cost more but
have a larger data capacity than chipless tags. Chip tags,
for example, are ugually not available below a unit cost of
about one dollar each when ordered in a quantity of less
than one million; whereas many chipless tags are projected

15 to cost less than 20 cents each, even when ordered in
quantities as small as one hundred thousand.

Most RFID tags will have a longer reliable range than
magnetic strips and bar codes. As a rule, RFID tags can be
interrogated without having as significant line-of-sight

20 and orientation problems as are evidenced by bar codes and

magnetic strips. Although chip tags do have a longer range

than magnetic strip and bar code systems, the range at
which they can be reliably used is still a limiting factor.
Chip tags are by far the most popular of the two types

25 of RFID tags. A chip tag consists of four elements or
features: (1) a computer microchip; (2) circuits for
converting radio signals to computer data signals and back

to radio signals; (3) an antenna; and {4) a means for
providing DC power to the chip circuitry. 1In low cost RFID

30 chip tags the first two features are often partially or
totally 1integrated intoe a single microchip, which
integration requires certain compromises in tag performance

(read range, number of bits, etec.). This combination of



and/ or design conprom ses to accommodate both digital and radio fr%ﬁ%@ﬂ%&m
circuitry on a single IC. The inpact of these design conprom ses can be

parti al | ated for 5 by use of |low radio frequency ting
frequenc%%é“ggﬁé in turn, lead to rather |arge and expeﬁé&ggogﬁﬁ%%nas.

The nost daunti ng problen1mﬁth chip tags is the need for DC power for the
chip circuitry. The conbination of environnental issues coupled with severe
constraints on 10 cost, size and weight usually require that the tag not
have a battery or other on-board power source. The only generally useable
solution is to obtain DC power by con#erting RF power received fromthe tag
reader signal into DC power within the tag. Those skilled in the 15
pertinent Brdtumesndlays Mddwoib aebaaﬁarynbegnahed ¢¢mmmitstmﬂkxnaﬂx

'passi ve ile those that co ot her, urce are
termed " ac"’lrfqg/seor m@%?grfh‘éomegg?%%S n’é?h88c81m8fi fbl‘:l"ﬁhDé| 4 chip
tag requi resdie gpegquehtiCicartutiagyainerna ngke Ictarg@-hesuzr@a@rtd spst) 20
and higher transmtted power |evels fron1the reader. it also requires added

conponent stheag deehegh ﬁ@@PFGm%ﬁ%Sc6§P 8fpﬁﬁ§lﬁﬂéﬂb@mW@QQSQP?q Eost of
the tag Wy Chseaddl bicgnata EUTPORENSHE) SPRESSH ferlaela |G 1489 si ze.

The nost irportant limtation of passive powered chip tags I's the severe
restricti orhath tire tvaay rdasgetof r@hberalgar%méee@@\w arIiass .

sufficiently st¢ﬁ@ngggqu ﬁgln 5b1Q@h&ggh&kbkgogéﬁsegkpgghave

di stance fromt ag reader -a nna tag
dom nat e smmreDGfpbherREbB mhé«ahlnrmnICMangcosﬂhan@omblhamﬁted<1%ad range
conbine to revent t sraomrepl acin ei.t her_bar_codes géﬁé?gnetlc strips
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10 cost, gsize and weight usually require that the tag not have
a battery or other on-board power source. The only
generally useable solution is to obtain DC power by
converting RF power received from the tag reader signal
into DC power within the tag. Those gkilled in the

15 pertinent art term tags without a battery or other power
source as T“passive” tags, while those that contain a
battery or other source are termed “active” tags. The
passive method of providing DC power to a chip tag requires
a more efficient tag antenna (i.e., larger size and cost)

20 and higher transmitted power levels from the reader. It
also requires added components that either add to the cost {
of the microchip or to the cost of the tag, which
additional components also result in an increased tag size.
' The most important limitation of passive powered chip tags

25 1is the severe restriction on the read range of the tag
because a signal that i1s sufficiently strong enough to
power the tag will only extend a short distance f£rom the
tag reader antenna. Thus, while chip tags have the
dominate share of the RFID market, their high cost and

30 limited read range combine to prevent thew “rom replacing
either bar codes or magnetic strips in any significant

mannexr.



-5- A-Chipless" RFID tags do not contain a mcrochip hut, instead, zygﬁymﬁ@
magnetic materials or transistorless thin filmcircuits to store data
maj or advantage of chipless RFID tags is their relativel ow cost The

di sadvant@8x0652%f chi pl ess tags include that they are raﬁ@gUﬁqﬂﬁt%H
(several centineters at the nost) and only contain limted anounts of

I nformati on. The severity of these problens has prevented market acceptance
of chipless tags in spite of their |ow cost potential. 10 In the year 2000,
t he gl obal market for conventional RFID systens and services was in the
order of 500 mllion U S dollars. Thds market was |largely for chip tags
that typically cost fromabout one dollar to tens of dollars each. Wile
chi pl ess tagsaﬂGhﬂpﬂes&ﬂlRFmemags d@emoham@nﬂéigeaematedcgipabutnterest

froma nunber of pot ntial user cau f their | ow tlal A
huge gap GAFGEEGh TS SHuTHATARES GeREEARS: Pon CHABLE CRELAREN CERE very | ow
cost bar cazms cardiite RicgBebreeaks M Ny nBHld?> Givadagfe ofTbﬁl_Q‘.(@'é}@l | mar ket
is clamoring for a technical solution to 20 fill that gap.. The critical

char act er iRi $agfs dify Theiradiedddivelyi det crsEat | dRet B4RABVBEY2EREt Wil |
Fill this gap-aLg)ekd) t§%§05£n@1ucbeet ‘ﬁ’%‘& OEEefenér@ndrat CenpstRar tag

when nmanufactured in |large quantities; i abl'e reading 25 without the
need for rﬁﬂﬂ%ﬂraixﬂﬁﬁﬁkpﬁﬁﬁnﬁlﬁhnﬁheoﬁﬁﬁéﬂoﬁnd EBLY- Fenitabneliwadiedg wi t hout

requiring @noun{%% %ff ikxgggcmatg?_to‘f)leen'ﬁﬂ% S%\F@?\}g @Qhet%ﬂedg) 'le%s hals eliable

readi ng even the I'S 'Scratc red W , Or on ®t he
wrong Si d@:m‘vdﬂt@cbanmg}g@t etce]))tanfgé) odl célipdkelses reerk ramgepBbeobfat | east

one to t net erss; and ( a tag data capacity of roughly 100 bits. Such
tags ar ewg:th}lrt A% rﬁoe?teéigoqe&lt tal authorities, airlines and airports,

neéss tr@nsit  In the year 2000, the global market for conventional
RFID systems and services was in the order of 500 million
U.S. dollars. This market was largely for chip tags that
typically cost from about one dollar to tens of dollars
each. While chipless tags are not selling well, they have
15 generated great interest from a number of potential users
because of their low cost potential. A huge gap exists in
the automatic identification market between the very low
cost bar codes and the higher performing RFID chip tags.
The overall market is clamoring for a technical solution to

20 £fill that gap.
The critical characteristics of any new automatic
identification technology that will fill this gap are: (1)
a cost of between one cent and ten cents per tag when
manufactured in large quantities; (2) reliable reading
25 without the need for manual scanning by a human operator;
(3) reliable reading without requiring a line of sight
between the tag and tag reader (i.e., reliable reading even
if the tag is scratched, or covered with dirt, or on the
wrong side of the package, etc.); (4) a reliable read range
30 of at least one to two meters; and (5) a tag data capacity
of roughly 100 bits. Such tags are of wvital interest to
postal authorities, airlines and airports, mass transit

authorities, animal breeders, the livestock industry,



authorities, animal breeders, the livestock industry, 27 JUL 2006 \0O

03/ 065250 PCT/ US02/ 41524 delivery busi nesses, any business with signi fllmé‘zﬁ‘r]](!t6

suppl y i articularly those that naintain inventor andl e fast
nmovi ng céﬂ@ﬂ%ﬁsz oods, and so on. These are all applicat *8%@”56{?(6{52461 hi gh -
priced tag is not 5 practicable, particularly where the tag is di sposable or
Is going to be sold with the product. The limtations and problens with
prior art identification systens has been the nmajor factor limting their
wi despread usage. Although prior art identification 10 systens are
frequently associated with conputers a6dd conputer networks, there has been

a very limted demand for access to identification information provided by
such pri ordefitereVbremedseshoaty bheidessr whthi edgaid ivsatofsupehy

identification information is |limted by.the |imtations 15 .inherent in the
vt ces. VHALHRG GERT oAt Y n ePhear Phafe A ThiEhh ety ot y
priced, smddidentiti matriay coagurieen gdudy) cain beo esfiodedheuwestpnd i al
identification data that can be read at, an adequat e range and that can be

used in a &ari eRPPLFCRRYPRENMBRES Candf f oGy aPldtPof 289appPi cdi®ons. As
will bes discusseshibes el rt'il&ﬁa%el\ﬁ} WBereARfel eagdels dPipsssh1dey)ces have

been recently devel ope and w soon be available. These identification
tags can einghdodder viali stidsh drite Prededtification data and can be read

at an adequate "_Fl‘?é‘g.elfiﬁ{it%%‘ioﬁ-@ a é{@{%i ?%n%]fen@ epyiponngnt §pand, for a

n
vari ety of applications. Because su I cation tags can be used to

i dentify widdnigl Dhedt oo tsysitema hasybeangéhaumbgproffactgrediisitagystemto
provi de wi despread, access,to the d@h

S e S ho%n% otr_herr [ nfo_r:.L etrito jLmacl:e. ossi bl e
by such tagiety M HFTRIGAL H8795me ATGHTHS P54 oral%tlg anl:]% data Hhde
10 systems are frequently assoclated with computers and

computer networks, there has been a very limited demand for
accegs to identification information provided by such prior
art devices. In short, the distribution and use of such
identification information is limited by the limitations
15 inherent in the devices. What has been needed in Ehe art
is a reliable, economically priced, small identification
tag upon which can be encoded substantial identification
data that can be read at an adequate range and that can be
used in a variety of environments and for a variety of
20 applications. As will be discussed herein, such devices
and readers for such devices have been recently developed (
and will soon be available. These identification tags can
be encoded with substantial identification data and can be
read at an adequate range for use in a variety of
25 environments and for a variety of applications.

Because sguch identification tags can be usged to
identify with global certainty a very large number of
objects, a system to provide widespread access to the data
and other information made possible by such tags is

30 necessary. The volume of information and data made
possible by this new identification technology makes the

Internet, as currently structured, of marginal ugefulness



possi bl e by this new identification technology nakes the Internet, UL 2006
currently structured, of margi nal useful ness 27 JUL 2006 WD 03/065250
PCTf USO2144pihes26p Pecause of the sl ow speed at which the épternet can be
accessed to secure pertinent information. Therefore what TS 2 ¢ he
art is an object- nam ng conputer network infrastructure for identification
tags and a nethod of operating the sanme. 27 JUU2006 WO 03/065250

PCTI US02/ 41524 SUMVARY OF THE | NVENTI ON To address the above-di scussed
deficiencies of the prior art, the present invention provides an
object-naming 5 network infrastructur®e and a method of responding to
queries for object nanes. I.n one enbodinent, the infrastructure includes:

(1) a cenbespuskj &f hife SdaW Frerduptedhischy eppdnEerretwaiad ahe
constit ut ibRQ-agki $ JULRAr Phiedlherevel rdatdbperi pheral object nane
servers 18 coupled to the cofiputer network and constituting a second

hi erarchi cal | 8hefrefore cemt ali sobjeadethahp $deverrt r éspemdi agjestan obj ect
nane quer Y f j i ti he . Yi.ng system
o query PRCELEG, CUhrldR BOa Cthe Stam At C EEE LB0u LB ELINTY Sha TS
hi er ar 6hi calgsl evel z tieehode odf cpeeapdnigphdealsaols.ect name servers either
responding to the query with an object nanme or directing the querying
systemto query instead further peripheral object name servers constituting
athird hierarchical level. 20 The present invention therefore introduces
an object- nam ng network infrastructure that is attuned to providing nanes
associated with a structured address space. In

{



contrast to the present-day domain name service, DNS (which nust deglyphidy
arbitrary address space assignnents) , the 25 present invention is

hi er ar chi 3|0_L,/¥{6sggostri buted, dramatically decreasing the 5&§HSBQI4L§Qt t he
central objec name server is required to handle. Instead, peripheral

obj ect name servers can receive queries directly from querying systens,
provi ded the querying systens have cached 30 the address of the appropriate
peri pheral object nane server. In one enbodi nent of the present invention,
-he object nane query conprises a unique code associated with the 27 JUL
2006 WD 03/ 065250 PCT/ US02/ 41524 obj e€t nane. In an enbodi nent to be
illustrated and described, the object nanme query conprises a 96-bit nunber
derived froman identificat$E¥MARY. OF iTHE BN GEEHLONIt i ndependent

enbodi ment, the object nane query conprises 5 information derived froma
surface acoustic wave identification tag. Those skilled in the art wl|
realize that are6adidresasy fheviatbeyeadisodisgedusiafitil smsctqpmcet Ithene

enbodi ment_of the present invention, the ueryi system cgnt ai ns_an obj ect

name cacheP¥orr aﬁlgboﬂ?%iW%e?Eel%%?réﬂorh%?@%t%gs cfﬁ'ér‘%jrﬁf%sﬁ%f?%i recting

the objmctneawErigueryttasinecrede Hef one fetpeli Ngft htesHdh rté%natf@ query
a

to the central object nane server. Unlike DNS, even part) al resses can
assi st t hed¢ReF$® ngfosysPRABCEN B3BREi-ng qd®ri &31% o ROV al dHfect nane

15 server ofrlONEF.biEFAr Chitidekn 90¢ gnbadirant 5 ddie s erfdavention,
at least sone of the peripheral object name servers$ of the second

hi er ar chi cePuPks@| tar e2 aso6EN&REd MFEWPTor RESpcIRiaigl B 8oy andfiinlet urers.
Thus Boei nﬂi%ﬁrn}fﬁi’@af PeGLPhehal (9 8el-i2ReRaAe 3R e Aldr-Riydhe

obj ects (alrplanes and parts)
10 coupled to the computer network and constituting a second

hierarchical level, the central object name server
responding to an object name gquery received from a querying
system by directing the querying system to query instead
one of the peripheral object name servers in the second

15 hierarchical level, the one of the peripheral object name
servers either responding to the gquery with an object name
or directing the guerying system to guery instead further
peripheral object name servers constituting a third
hierarchical level.

20 The present invention therefore introduces an object-
naming network infrastructure that is attuned to providing {
names asgsociated with a structured address space. In
contrast to the present-day domain name service, DNS (which
must deal with arbitrary address space assignments), the

25 present invention is hierarchically distributed,
dramatically decreasing the traffic that the central object
name server is regquired to handle. Instead, peripheral
object name servers can receive queries directly £from
querying systems, provided the querying systems have cached

30 the address of the appropriate peripheral object name
gerver.

In one embodiment of the present invention, the object

name gquery comprises a unique code associated with the



that it manufactures. In one enbodi nent of the present invention, addpgssoos
spaces of the peripheral  object nane servers of the second hierarchical
level are_centrally assigned. This keeps the 25 overall assj.gnnent of

addr ess s‘ﬁgé’émﬁﬁla%rly and intact, and therefore allows cighg@o?’&s&%r
queries to guide the direction of future queries so as to avoid higher
server hierarchies as possible. In one enbodi nent of the present invention,
address 30 spaces of the further peripheral object nane servers of the
third hierarchical |evel are assigned by corresponding obj~ct

manuf acturers. Thus, Boeing may assign®a peripheral object nane server in a
third hierarchical level to each of 27 JUL 2006 WO 03/065250 PCT[ US02/ 41524
its divisiob$ect heretsy. relIrviamy ensodtnent- tevebe petlywderatedbjaect nane
server of excess traffjic. ,ln %lme enbodi ment, of t.he pre %rlg).itnven i on, the
queryi ng s@%?%’ﬁi‘l?% s M Wi HH R T SSHEFL rian§ & Wi se of its
pger at :c on,%s_é:hfvé@g freadesin W&)dema(fri]ﬂfaﬁ)iohagsa@nd, B pﬁrigbitéds mper at i oP,
identify opject names that,,go with those tags using the infrastructure o
the  pr osohRIFPRRATR o STOPLIarbe. HHbSGoAREE) SN EHGLY pSE ERGRE Sy | i ||
under st@ndi 4 FSEm&HIEsY | NEHeSHSAIS FRYmbe 20 kngepeadericOist A9 reader s or may
be part of other . machines. In one enbodi nent of the present invention, the

conput er nbieREkiicatifen |fRer nethosmadel lad ey the @ré viddt reerddzgrt wil |l
under st a”dthg@v‘Evﬁ@bI@aEa%‘gﬁr&P{@éﬁ & drodR Ml Laf-d g, suitable

environment wthin which t _infrastructure of the present invention nmay
operate. The fofegding leFbasimemtedpfr ather mreseily, ipresriced 4he

alternatiV&u£§§1H§GSSQLtEHe %EEE%QEsin%ﬁqniéﬁﬁé%£trﬁgme cache for

10 containing the object name, the guerying system directing
the object name guery to the cache before directing the
object name query to the central object name server.
Unlike DNS, even partial addresses can assist the guerying
gystems in avoiding queries to the central object name

15 server or lower hierarchies.

In one embodiment of the present invention, at least
gsome of the peripheral object name servers of the second
hierarchical level are associated with corresponding object
manufacturers. Thus Boeing may have a peripheral object

20 name server for all of the objects (airplanes and parts)
that it manufactures.

In one embodiment of the present invention, address
spaces of the peripheral object name servers of the second
hierarchical level are centrally assigned. This keeps the

25 overall assignment of address space orderly and intact, and
therefore allows cached former queries to guide the
direction of future queries go as to avoid higher server
hierarchies ag possible.

In one embodiment of the present invention, address

30 spaces of the further peripheral object name servers of the
third hierarchical level are assigned by corresponding
objéct manufacturers. Thus, Boeing may assign a peripheral

ocbject name server in a third hierarchical level to each of



those skilled in the art may better understand the detailed 20 descp%&#k396
of the invention that follows. Additional features of the invention | %e

descri bedyhesgisaaf ter that formthe subject of the clai f i nvention.
Those skilledﬁin the art should appreciate that they cann§$gggipéﬁﬁge t he

di scl osed conception and specific 25 enbodi nent as a basis for designing or
nodi fyi ng other structures for carrying out the sane purposes of the
present invention. Those skilled in the art should also realize that such
equi val ent constructions do not depart fromthe spirit and scope of the
invention in its broadest 30 form 27134L 2006 WO 03/065250 PCT[ US02/ 41524
BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore conpl ete understandi ng of the
present ibventidiviskfesencéhesraiyw nudéievinge fbtéowisrromd-deseelptions

1 st r at GOo R BHBERL (B Pah 1T6r 8L Bbar ReAt CoRP BREBBFEEL - nam ng net vor k

i nfrastructure TaAnséiecteatbddimeancordanceew phekbrtpraseantionenttiaa; 10
FIGURE 2 illustrates an enhodi nent of SAW. identification t t hat can be
beneficialgﬁeﬁﬁbpgyéasﬁﬁphlstﬁ?ﬁQQ%ﬁﬁééiwh%ﬁt?o 2IrrEpReTs | 1Tt PEtes an

exanpl es of t He gbbaksBPMEshew Bgerb@ubnhubse RRY trica@e0masy trdiR] ShanyWher e
data can be 15 transmtted using conventional PPM FIGURE 4 illustrates an
exanpl e ant@@BodRfentSsRBRFNGL P&iSs @D§EStEBhs HEntd IoRRIAG oA EBUr state

digital PPMya: FLEURE (3 i dhaisd 1 8Les ioxpnphe 9hraaatlowable R Sene
positions wth Significant overlap; 20 FIGJURE 6 i1l lustrates the details of
one enbodi peagent invention. Qf course, those skilled in the

pertinent art will understand that querying systems may be
10 independent of tag readers or may be part of other
machines.

In one embodiment of the present invention, the
computer network is the Internet. Those skilled in the
pertinent art will understand, however, that any computer

15 network can form a suitable environment within which the
infrastructure of the present invention may operate.

The foregoing has outlined, rather broadly, preferred
and alternative features of the present invention so that
those skilled in the art may better understand the detailed

20 description of the invention that follows. Additional
features of the invention will be described hereinafter {
that form the subject of the claims of the invention.
Those skilled in the art should appreciate that they can
readily wuse the disclosed conception and specific

25 embodiment as a basis for designing or modifying other
structures for carrying out the same purposes of the
present invention. Those sgkilled in the art should also
realize that such eguivalent constructions do not depart
from the spirit and scope of the invention in its broadest

30 form.



pulses with a five-fold increase in the nunber of states that has a4ljphbRd
detection margin; FIGUREsS 7A and 73 illustrate the real and inaginary parts
of overlqgg%gﬁﬁgﬁises wi th an added phase shift of 25 +900; FlIGURE 8

i |1 ustrat odi nent where a phase increment other FHAFSEYHRE used

wi th substantially inproved discrimnation between the correct state and
the neighboring states where the all owabl e pul se spacings are 30 Tm n/5 and
a 78.50 phase difference between adjacent allowed states is used; FIGJRE 9
illustrates an enbodi nent of a m ninum pul se spacing rule that allows using
MPCK along with PTSK;, 27 JUL 2006 WO-08£065250 PCT[ US02141524 -12- FI GURE
10 illustrates a table show ng the 286 possible states that exist when

three reflectors are USRIEM DESYRAHTION OFl THEODRAWIWGEIY a skip factor of
four; FIGURE 11 illustrates a table showing the states for 5 a SAWRFID tag
with 10 slots, two reflectors and 36 possible placenents; FlGURE 12

ilTustrates a table show”g eBRpIED=0MMRBita8dMES I Ofha SAVERELD tag
with four reflectors per group, 20 slots per group, a skip factor of three,

a phase 10inwentdent bawkeserad acent BPot smede witeh dihe siballewdngt wo
Flare T3 PRPReEPRYclt PO R (R B PR Mo of
r espondi ngdrawangeer ynf ehiah: 15 object nane in accordance with the present
invention. 27 Jib 2006, Y003 282220 RIUINSHLER of one embodiment
of an object-naming network infrastructure constructed in
accordance with the present invention;

10 FIGURE 2 1illustrates an embodiment of a SAW
identification tag that can be beneficially employed with
the present invention;

FIGURE 3 illustrates an example of digital PPM showing
four pulse pogitions of a time span where data can be

15 transmitted using conventional PPM;

FIGURE 4 illustrates an example an embodiment showing
pulse positions for a conventional four state digital PPM;

FIGURE 5 illustrates an example of a allowable pulse
positions with significant overlap;

20 FIGURE 6 illustrates the details of one embodiment of

{ pulses with a five-fold increase in the number of states

that has a limited detection margin;

FIGUREs 7A and 7B illustrate the real and imaginary
parts of overlapping pulses with an added phase shift of

25  +990°;

FIGURE 8 illustrates an embodiment where a phase
increment other than 90° is used with substantially improved
discrimination between the correct state and the
neighboring states where the allowable pulse spacings are

30 Tmin/5 and a 78.5° phase difference between adjacent
allowed states is used;

FIGURE 9 illustrates an embodiment of 2 minimum pulse

spacing rule that allows using MPGK along with PTSK;



- 13- DETAILED DESCRI PTION Referring initially to FIGUIRE 1, ill ustrai%uﬁo@
bl ock di agram of one enbodi nent of an obj ect-nam ng network 5

i nfrastr, 0 constructed in accordance with the pr tion.
Coupl ed ‘ltﬂétoyl["(’;%(%%rlgut er network 110 is a central object nmﬁisgrheie@glm t hat
constitutes a first hierarchical |evel 230 of the object-nam ng network
infrastructure 100. Peripheral object nane servers 140 10 constituting a
second hierarchical |evel 150 of the infrastructure 100 are al so coupled to
the conputer network 110. Further peripheral object nanme servers 160
constituting a third hierarchical |eved™ 170 are al so associated with or
coupled to the_network 110. 15 In the |gl ustrated enbodi nent, the central

obj ect name SBFIEHE ) LldUSARE 9D 2ah2bbEeERONANS HhR3LABPITRESed from

a queryi ng- syesd esﬂalaﬁfé;@gtdwe% ltaeeteheeweexb@e gystegeq 1Bl 4 gt ead query
185 (not shown) one of a nunber of peri pheral object nang servers 140 ,

in the sedordll 28lotirkachiga $1ém|f§<5‘eormﬁ %@lﬂrpheral obj ect nane servers
140 th h h
ei t her resBc%ﬁglRén 01 shoue) LpLhg E‘alﬁriiélés%x%w% th%%t fi%g‘s( ot

alternatively, rect 'the querying system query

shown)s t ke At hEFIDertap:memalth obpecelmllasm wwersfleetblrrat aodstidute a

third 25 hi chi | evel 170. The querying system 180 in the illustrated

enbodi nerﬁossjfai f FF4EH Ut ure 100 contains an obj ect name cache 190 for

contai ni ng an PIJERE IMmAd.ldstridties anhedileesholfly dhe sublerydung <fyst em 180

di rects an aobj e(r:# namne (:}ggrﬁ/ 185 to the 3 cache 190 before directing the
& RFLA AT W

query to T4 T 190K %Hﬁﬁ(ﬁﬁoqﬁm ng
net wor k izﬁreautectpée deoup s Rar kkapl afédt@i'tlﬂ”fedtthbhe /" PHEoN of
naneio increment between adjacent slots 290° with division into
two sub-groups and only one reflector of each saspecific
phase per group; and
FIGURE 13 illustrates a flow chart describing one
embodiment of a method of responding to a query for an

15 object name in accordance with the present invention.



27 JUL 2006 WD 03/065250 PCT/ USO02/ 41524 -14- associated wth a strqﬁkg 86bs
address space. |In contrast to the present-day domai.n nane service ( }
(which nust deal wth arbitrary address space assignnents) as enbodied in
the I nter¥8t93/¢3&% hi erarchical distribution of the presenfCEUSAYAH2# on
dramatically decreases the amount of traffic the central object name server
120 is required to handle. Instead, peripheral object nane servers 140 can
receive queries 185 directly from querying systens 180, provided the
gueryi ng systens 180 have the address of the 10 appropriate peri pheral

obj ect nane server 140 in an object page cache 190. In one enbodi nent of
the invention, the object nane query 185 conprises information derived from

a surface acoustic wave (SAWpirdenthfheadd $3§- As noted above, the 15
illustrated infrastructure 13% can %e %ene??gfa y used in connection with

naned objects associated with a structured address space. SAW
identification tags_are particularly u n e oved with.the

i nfrastructure %6865§§89i&§§t+ﬁ§iﬁnt?oﬁsgﬁhﬂﬁggr(%gi%§§§ﬁ1%éb65 éﬁiefly
because t hpl38khigagdamhact afesidnbdefingth clfaga ¢ef Sttt Sna@mbhd utdtwedk address

space. A description of SAWidentification tags is et forth in detail in
U S. Pa?en%niﬁﬁgFEHFFHﬁeSe?PQI sty , 894, SERPE P@He"Sﬁ??%cégﬁéoustic

Wave ident Ei—iagahtomnvf'éﬁﬁilﬂavi ngoEphanced &HatembensLnbe Aash-ivet odss 0f

Operation 25 And_Manufacture Thereof," by Hartnmann, conmonly assjgned wth
the invent FBRLARY iFRIGIPoraddd REF¥PH By Or dikdeneenstitybssr gptforsef SAW

i detai | TRoDr e BT IS | G on tser Al Ne) o7 Ogh o, ErieTRG
"Reader 30ipfragteugliumef drlfat i oReCapheiray SHv aatentbiicseiryerFagl 4hd

10 constituting a second hierarchical 1level 150 of the
infrastructure 100 are also coupled to the computer network
110. Further peripheral object name servers 160
constituting a third hierarchical level 170 are also
associated with or coupled to the network 110.

15 In the illustrated embodiment, the central object name
server 120 responds to an object name query 185 received
from a querying system 180 by directing the querying system
180 to instead query 185 (not shown) one ¢f a number of the
peripheral object name servers 140 in the second

20 hierarchical level 150. The peripheral object name servers

{ 140 either respond {not shown) to the query 185 with an
object name or, alternatively, direct the querying system
180 to instead query 185 (not shown) the further peripheral
object name serxrvers 160 that constitute a third

25 hierarchical level 170.

The gquerying system 180 in the illustrated embodiment
of the infrastructure 100 contains an object name cache 190
for containing an object name. In this embodiment 100, the
querying system 180 directs an object name query 185 to the

30 cache 190 before directing the query to the central object
server 120.

The illustrated object-naming network infrastructure

100 is particularly attuned to the provision of names



Met hod of Use Thereof,” by Hartmann, commonly assigned with the inyenty afe
and incorporated herein by reference. Those of ordinary skill in the .
pertinen recogni ze that, 27 JUL 2006 WO 03/065&?? 02/ 41524
notmﬁths?’ %ﬁéﬂbhe beneficial aspects of enploying the iT1us §311
Infrastructure 100 with SAWidentification tags, the present |nvent|on may
be usefully enployed with other object-nam ng or identification systens,

whet her now 5 known or subsequently devel oped, and still be within the
i nt ended scope of the present invention. To provide a better understandi ng
of the illustrated infrastructure 100}4€onsi der a business system where

each object within the systemhas an identification device (such 10 as a
SAMVidentiéssatianedag@thxnuﬁ&xhduuxﬂdeaﬂﬁrés&te@amkﬁh Ihtcoh@tabasta uni que

identificatjon code or er. , identjfication de .or_number y be
Lt aub: ot Eher PRSRCRRAAY Covait Baue, Sevica NS MRS mist el Ty

uni que if wibe a@amtk&watama&n@;@a@@esssﬁgm&w)da@t idnibeiiean 1ag 15 or
other identification tag with a suff|C|entIy | arge, data_ capacity. As will

be d|scussEBeh%?%?ﬁne?MNVh%eh%???E%P%%ﬁ R TR ERRN fi s AR REBEERE

accor daﬁcea.}%éﬂtibﬁ af‘é(rﬁélﬁieal 1?%@&&@5@&’&1‘[@&&@&& cah hayer acoged
thereon globally wunique identiTication nunbers. In fact, the data capacity

20 of SAW feebrali caiasHt t Bguei seeXvey cilé@ft | 8| aﬁegElJtWQ)eﬁﬁl thalé@a%r al
di fferent f[hgl:ggdo‘c e%%?féﬁlalonoﬁf%«?% aopaded, 5 ”246 elgs £ ¢! ude,

for exanpl e, rel g ali ni ng rmation a e tag manu acturer an
i ndustry @deniéefi ¢86i oilxfeadly; Ewomrqnerznmgesysbambl@aﬂ,zprmmq@@d 25

dent1 11524497 DHUBSToD) ol S 81 0 alneeko S, | pfaced 1o
enpl oyzd wapbrbﬁflateS@ﬁilphdﬁallObgeﬁﬂ mmmeeﬁmkféra14o in an object
name cache 190.

In one emwmbodiment of the invention, the object name
query 185 comprises information derived from a surface
acoustic wave (SAW) identification tag. As noted above, the

15 1illustrated infrastructure 100 can be beneficially used in
connection with named objects associated with a structured
address space. SAW identification tags are particularly
useful when employed with the infrastructure 100 described
herein for a number of reasons, but chiefly because the

20 high data capacity of such tags permits a structured
address space. A description of SAW identification tags is {
get forth in detail in U.S. Patent Application Serial No.
10/024,624, entitled “Surface Acoustic Wave Identification
Tag Having Enhanced Data Content And Methods of Operation

25 And Manufacture Thereof,” by Hartmann, commonly assigned
with the invention and incorporated herein by reference.
A description of SAW identification tag readers for reading
SAW identification tags is set forth in detail in U.S.
Patent Application Serial No. 10/066,249, entitled “Reader

30 For a High Information Capacity Saw Identification Tag and
Method of Use Thereof,” by Hartmann, commonly assigned with
the invention and incorporated herein by reference. Those

of ordinary skill in the pertinent art will recognize that,



substrate 210 of the SAWtag 200 is a transducer 220 that, 30 in resRGHsSdsC
an interrogation signal froma SAW identification tag reader generates a
‘'signal having a__known frequency and anplitude. This S|gnal travel s as
surface %B&QP?S&SMW (SAW down the substrate 210. On t hECHFSI#I2H06 V\D
03/ 065250 PCT/ US02/ 41524 -16- substrate are one or nore groups 230 O Slots
240 that are |located and arranged by both pul se position and phase
position. Also | ocated on the substrate 210 are a nunber of encoding
reflectors 250 to reflect a portion of the SAWS5 signal back to the
transducer 220 as a return signal. Thgse encoding reflectors are arranged
by both pulse position and phase position in the slots 240 so that the

refl oot ed pBLMEDNSLARALnY IhenepEored LBgLEED Br obaRALLYnYN e Sl gnal.

This return signa tected AW I dent i ation™tag reader
and decodetllivstratedl lmirﬁﬁtﬂmﬂﬂwrmnﬂdwb wdeht | AR atideniidfirst aeysi gned

(o Lht SAULGEnLLL Esltn.! 30,2001cE0as, 45 8l pSAELRY A it hese and

ot her featur |cat|on ta erenced
patent 15ocahpki chfeoh- namlugd@rsidemtiimmatmbmusyamgm&ynwhﬁtheﬁIHEWCNS 220

results in a return signal h sufficient dat | o y uni que
nunber , >i t “PSYRe gt (- t'Léfe Sved t S nﬁT’ ﬂ;dg %’?q . in
convent|on§htgﬁ5§g 88opesbEi 8Re NpHEkaht oM ERM ol . dat a streanrcan be coded
by dividing it _into separate sanple values where a single_ pulse is used to

transmit |nfornﬁPlBHOHéﬁ?a?nP&ttﬁraun§§ﬁﬁ¢éndeﬁah§¢h§hﬁué%%Wﬁ¥ﬁﬁﬁﬁq|on of
that singl eqpul3erueyarea1Bbedebanaled SRR ioldd o3t Gmdh teansm t the

25 information in that sanplé. Single pul ses in _subsequent

( object within the system has an identification device (such
10 as a SAW identification tag) coupled to or associated with
it that has a unigue identification code or number. Such
identification code or number may be unique only within the
relevant business system or it may be globally unigque if
the identification device used is a SAW identification tag
15 or other identification tag with a sufficiently large data
capacity. As will be discussed herein, SAW identification
tag devices constructed in accordance with the invention
described by Hartmann can have encoded therecn globally
unigue identification numbers. In fact, the data capacity
20 of SAW identification tags is sufficiently large to permit
i geveral different fields of information to be encoded,
which fields can include, for example, a field containing
information about the tag manufacturer, an industry
identification field, an error correction field, an object

25 identification number field, and soc on.
Turning to FIGURE 2, illustrated is an embodiment of
a SAW identification tag 200 that can be beneficially
employed with the present invention. On one end of a
substrate 210 of the SAW tag 200 iz a transducer 220 that,
30 in response to an interrogation signal from a SAW
identification tag reader, generates a signal having a
known frequency and amplitude. This sgignal travelg as a

surface acoustic wave (SAW) down the substrate 210. On the



time spans are simlarly used to transmt information in subsequent sanple
val ues. Turning nowto FIGURE 3, illustrated is an exanple of digi tHJUbBMfs
showi ng four pulse positions of a tine span 30 where data can be

transmtt 0,}{8@&33 conventional PPM In this case, the sanBfCa/US824524
transmtted is digital and has one of four possible values. Shown are four
possi bl e wavefornms which consist of nomnally identical single pulse 27 JUL
2006 WD 03/ 065250 PCTI US02/ 41524 -17- waveforns whose tinme positions can be
centered in one of four tine |ocations or pulse positions. The mninmumtine
spaci ng required between pul se positions to ensure that skirts from

nei ghboring pul se positions are essentially 5 zero at the peak of any

sel ected p ' ] cQur [ ] T n be
dsed wi ¢ hoSSrFERe vhe The Sk PPrs PSSR .08 SO AU Il 1
pul ses pokdptannd arel spacedgedr el bsehy pilnbee Tiprait iidn bendnmgshaswmr e
difficult to ynanbi guously.di stinguish: one,pulse 1 osition framits

nei ghbor . QB?%bl%Freagi??t_ogg Eeoph hePFMhﬁiﬁﬁﬁﬁﬁ%ﬁﬁ HFeR Y f our
possi bl e pegkeftbseng PPsEléepsrangssel@ctd fiedthen | v aesdn e diaswA® in the
denodul ati on of_conventional PPM It _is readily apparent to those of

ordinary skigmal nbewk rePevdift BFRREHEECT he205 BEnGHUFSENBR Fricaas- nust be
synchroni zeg. 4si Ngh QHe1 e AMUWMEHL-Of JS¥NChLonhzali 0 S fpowg in the
art. The f%ﬁ%.ppggéblelgilséeposytfgﬁsérepresentégao %¥g§%€8gbits of data. A
subsequent pg# buponf anduphgsles @qsodilorons: WeeupletshP4d sionghetpuilye can
represent f@ff&'&'&é‘{i"”é&tﬁﬁéﬁ. 20; LR Yy P s ﬁivé’at%acééecﬁm%esxeeql%mé al

groups of Tour ~pul'se positions as necessary can be used to represent a
desired dagbobal y cambique ngsimmyl bi t sThfisi nketmahi osignal is then

10 detected by a SAW identification tag reader and decoded to

reveal the globally unique identification number assigned
to that SAW identification tag 200. For a detalled
degcription of these and other features of SAW
identification tags 200, see the above referenced patent
15 application.
To understand how the arrangement of reflectors 220 .
results in a return signal with sufficient data to encode
a globally unique number, it is helpful to consider
relevant signal modulation methods. In conventional pulse
20 position modulation (PPM) a data stream can be coded by
dividing it into separate sample wvalues where a single {
pulse 1s used to transmit information c¢ontained in a
gsample. Changing the time position of that single pulse
over a predetermined span of time serves to transmit the
25 information in that sample. Single pulses in subsequent
time spans are similarly used to transmit information in
subgequent sample values.
Turning now to FIGURE 3, illustrated is an example of
digital PPM showing four pulse positions of a time span
30 where data can be transmitted using conventional PPM. 1In
this case, the sample to be transmitted isg digital and has
one of four possible wvalues. Shown are four possible

waveforms which consist of nominally identical single pulse



PPM nodul ation is a favored nodul ati on method for tags based on SAW juL 2006
devi ces, because (1) a single pulse can be 25 readily created and
programmed by a SAWreflector placed on the SAWsubstrate %&% t he vari ous
pul se ti MEOBHARIbns directly relate to the spatial pl acRCHUSPHESI e SAW
reflectors, (3) the nunber of data bits is greater than the nunber of

si gnal pul ses which reduces tag insertion loss 30 and (4) the nunber of SAW
reflectors remains constant for all possible tags identification nunbers
which leads to reasonably low loss tags with uniform pul se anplitudes for
any tag identification. However, the .use of PPMfor SAW?27 JUL 2006 WO

03/ 065250 PCT/ US02/ 41524 -1B- tags also has limtations including: (1) PPM

dat a densifyvef Srh®Wrh¥bé CRihBCIRASAS It &H S| denfapdahencerzosds; (2)
the | ow data density conmbined with practical maxi mum sizes for SAW chi ps

creates anfeppetimeniecanionsd aunbeisef PERLsionpor Fhactiigdmuagstimand (3)
”“'“‘boungga§§%§99[eg{39§eﬁb%é’&€ééﬁh uY8L! Us4k§ h%“a?ése%q@u?epp Wtag
Create un nte pu es that can I nt th

rtere"w ater portions o he PPM
pul se traiskitis FEGURE 18 idhdor irepr peénes rossiotormef anengssdantnieml 10 | engt h

G0l | bt | BRE O A B Pt 5nY” BRIRACRD BHE S ban B o1 ot SR th T ouy
stat es t hapul sepsEseitia WwiRldy naay datie Behsbe llsd@uitHOupaiFedioitg sl ots
are used there are, 256 possible states (or 15 conQi nati ons), .as gjven by 4
states X 4{]]%‘?a?1%%13>@ﬁ %‘?éf@%"é@lﬁt%t%t SR st atEVShi slfgé’r“%e%%%nds to 8
bits of dat@sifPsnd OHbel iFRTJDIEoLAt a1bBaNya tHi=H0! em@hOURL. bEIRSRL56
states (8 bits of data) occupy a total of 1G slots. if these 16 slots are
conbi ned iMP®ea Fiffglailgr ol akpambiguously distinguish one pulse -
10 position from its neighbor. Using a reader to sample the
PPM waveform at each of the four possible peak pulse
positions and selecting the largest one results in the
demodulation of conventional PPM. It is readily apparent
to those of ordinary skill in the relevant art that the
15 demodulation process must be synchronized using one of a
number of synchronization methods known in the art.
The four possible pulse positions represent two binary
bits of data. A subsequent group of four pulse positions
occupied by a single pulse can represent an additional two
20 Dbinary bits of data. As many sequential groups of four
pulse positions as necessary can be used to represent a
desired data word containing many bits of information.
PPM modulation is a favored modulation method for tags
based on SAW devices, because (1) a single pulse can be
25 readily created and programmed by a SAW reflector placed on
the SAW substrate, (2) the wvarious pulse time positions
directly zrelate to the spatial place of possible SAW
reflectors, (3) the number of data bits is greater than the
number of signal pulses which reduces tag insertion loss
30 and (4) the number of SAW reflectors remains constant for
all possible tags identification numbers which leads to
reasonably low loss tags with uniform pulse amplitudes for

any tag identification. However, the use of PPM for SAW



20 conventional PPM nethod is used, one pul se would occupy one fvﬁgmﬁ
slots. The available 16 states (4 bits of data) 1is S|gn|f|cantly s

t han the“éEG sé?%es that would result fromusing the sanp'[[;,'lgﬁ,F LAk igln four

separate with four slots each. 25 If conventi onal concepts are
set aside and nultiple pulses are allowed in a single group, the nunber of
states is significantly increased. For exanple, if four pulses are allowed
in a group of 16 slots, 1,820 states exist, which is significantly nore
than the 256 30 states avail able by using the nore conventional PPM of four
groups of four slots (which would occupg-the sane 16 slots). Further, if

ei ght pulses are used in the group of 16 slots, 12,870 states are

avai | abl e, twhischlis® mEeﬂﬂmllétlldnSZGﬁﬁzlmr@:/ OGEQSDPIE’CHétEOQéAﬁEg— -19-

| arger inprovenent.. |f.seven, ni ne pul ses rou of, .16 slots
are al | oned® §9w75@h§F§t%@cﬁ?%sigsgﬁ%ﬂ%leWﬂ %VV% Gﬁ&s Pﬁtﬁu 2{han 15

bits of datﬁecganaaadataenbmeyebamblﬁe58wethd§kact&camnmsﬂimﬁmablBBMIwas
used in the 5 same_space. Once multip E; ses are_allowed in_a S|ngle

group, it £px RAH Ehéﬁ§rCF8386§cPPbBPPﬁE E&FaPPOEhPoPHﬁPeﬁsoﬁPNF A nore
sui tabl ¢ nape f@&at:'e'l%aﬁfet Radsis MKt phe pH{liglpEBunQé°“Peff¥bEQo§1¥PGK)

where keying is the equivalent of 10 nodulation. There are several 1nportant
possi bl e vhetaresn Wie WweKioThi safdidmddyss def ianckPiy SAY) oy t Creshieng a

data streqm,hfeln ALY el 1dho OIS 0 IIrs: SPRALALE 58Il gnovakues: (

using nore an one F ansmi grven saripl e
val ue; (3)thea@@M|puﬂm@ tthrainmor e 15 t han one pulses in a span of tinme that

s, divided | ntoLT I obets, WiheR 2L5.09TLRE' LY A e AISRE R Lhe

10 1length centered on any of the possible pulse positions. A
group i1s represented by a collection of adjacent slots.
Shown is one group of four slots with four states that
represent two binary data bits. If four groups of four
gslotg are wused there are 256 possible sgtates (or

15 combinations) as given by 4 states X 4 gstates X 4 states X
4 states = 256 states. This corresponds to 8 bits of data
(or four times more data than a single group). These 256
states (8 bits of data) occupy a total of 16 slots. 1If
thege 16 slots are combined into a single group and

20 conventional PPM method is used, one pulse would occupy one
of the 16 slots. The available 16 states (4 bits of data) i
is significantly smaller than the 256 states that would
result from using the same 16 slots in four separate groups
with four slots each.

25 If conventional PPM concepts are set aside and
multiple pulses are allowed in a single group, the number
of states ig significantly increased. For example, if
four pulses are allowed in a group of 16 slots, 1,820
states exist, which is significantly more than the 256

30 states available by using the more conventional PPM of four
groups of four slots (which would occupy the same 16
slots). Further, if eight pulsezs are used in the group of

16 =lots, 12,870 states are available, which ig an even



the collection of the tine slots conprising the span of tine constbgyﬁgﬂﬁﬁ
group of slots; and (5) distributing the nultiple pulses anong the group of
slots in a predetern1ned 20 manner to represent the information contained in
the sep¥QW¥WE¥Apl e val ue. Groups can vary *in the nunbefCHFSOZIBHs and/ or
in the nunber of occupied slots. Al slots do not have to be identical
(unequal slot widths, pulse anplitudes, etc. are allowed) nor do slots have
to 25 necessarily be adjacent to one another. A single group can be defined
such that it only has a fixed nunber of occupied slots or, alternatively,

it mght allow for a varying nunber ofigoccupied slots. A single data
message could include nore than one type of group (for exanple a header 30

m ght be ongrigehe i@fprdaidntd he mté@n}erdate%.c_:}htsec@f'dniﬁi@epuyéegrQﬂpa and an
error detection/ correctlon word nj ght be athird type). Al of these

vari ants h&reupaaf i #loksertf nekkoved sall REPD sBakes2zrgupegedblewn
03/ 065250 %@Iingisg%/nem Snd%o'toTltHd}'eth'a?iWﬂSobE\:@JBE Aathl LB #é%ﬁd bS an

exanpl e an how ng pul se positions for a conventTonal our
state digi ttile PRIt bittss ofi deltestifi gprerphtenhénPPMhwasnudatiai hohheet hod
uses a n%%%ep% %% er group simlar to 5 conventional PPM The exanple in
FI GURE IS aco representation of the allowable pulse positions in a
group wth fouorﬁ:ieohml\mtpheTpuﬂslael aget ikl dwaerk Jsermrajngd}e bebweenitt he

al | owabl e pul se peak SItI S. |.n PPM onl t hese pul 88y 1S
transnmitteds ROFhP§%§%£J %QFlFﬁét¥% ﬁﬁgﬁgéppoﬁo§gﬁﬁlg FY¥-dofte at the
al | onabl e prak saﬁaiatbms:ma&@rg@rofahtlaemma:ldesls/wrhﬁwﬁpgésmlgél p¥rzero

and the correct sanple wi|l have an anplitude of unity. If sanp Ilng during
dermdul at | GFIE nbeY pREpeMBFEN n¥RESR; Zegying is the” equivalent o

10 modulation. There are several important possible variants
of MPGK. This method is defined by (1) partitioning a data
stream to be transmitted into one or more separate sample
values; (2) using more than one (i.e., multiple) pulses to
transmit a given sample value; (3) transmitting the more

15 than one pulses in a span of time that is divided into time
slots which are nominally but not necessarily adjacent; (4)
the collection of the time slots comprising the span of
time constitute a group of slots; and (5) distributing the
multiple pulses among the group of slots in a predetermined

20 manner to represent the information contained in the
separate sample value. Groups can vary in the number of
slots and/or in the number of occupied slots. All slots do
not have to be identical (unequal slot widths, pulse
amplitudes, etc. are allowed) nor do slots have to

25 necessarily be adjacent to one another. A single group can
be defined such that it only has a fixed number of occupied
slotg or, alternatively, it might allow for a varying
number of occupied slots. A single data message could
include more than one type of group (for example a header

30 might be one type of group, the actual data a second type
of group, and an error detection/correction word might be
of a third type). All of these variants have particular
usefulness in SAW RFID tags.



to the peak positions, then the anplitude for the "correct 15 pul se",. 41 2006
| ocation will start decreasing while the anplitude at a neighboring

| ocati on 'Lﬁmgﬁ me |arger than zero. However, the sign sfd,L 1 be
correctlg%%enn uﬁgted. If noise was al so present in the g§§@§ﬁ%§#ﬁén t he
probability of incorrect denodulation wll be increased due to this 20

timng error. However, if the timng error is snmall, the degradation is
negligible. in principle, if the signal to noise ratio is sufficiently
small, the signal can still be successfully denodulated as |ong as the

timng error is less than Tmnl 2. 25Zfhe ability to successfully

di stingui sh between two possible positions of a single pul se even when the

pul ses are parTushiyg aver | BPEIGURD He ilskhckimiat riensm tdamsla adensity

at the expense of signal fo noise ratio ,sensitivity. This increase in data
e b1

density i sCEBRRREURRC DA IR P S RO Hf SLPEAS VLer

toget her ig:aceMaABeEal hatpM he ski it Of s DS Sdd OV@Bl 8mBHESE 1 BOSI tign Wi | |
overlap with_the péaks of the neighboring pulse positions. 27 JuL 2006 WO
03/ 065250 FEirlmppen 1esthod usasrai Higndbv BBl 98 Q9RE BouR |istilaeden an

exanpl Ofcoﬁvéhw&@é’i epﬁM'. S€ s é%é’rﬂﬁlé("i i} el ANt goyerd daJ@e
al | owabl e pul se spaci ng has been reduced to one unit as conpar to the
five unitsreposrennatl GUREE 4he mllvwalbl e guel se sl totong dith 4 syeaml to

oS, A WSO SR SLEPRR oR AR LA SPRE S0y e
of the obvtieisalddweblenpul skhepeadetposibional gi Mrf @PMi shipgorshi ol
nei ghbor i ng, pul se, 10 positions, Turnino Lo B GRE 6, [1Lustrated are the
10 demodulation sampling is done at the allowable peak
positionsg, three of the samples will be essentially zero
and the correct sample will have an amplitude of unity. 1If
sampling during demodulation is not properly synchronized
to the peak positions, then the amplitude for the “correct
15 pulse” location will start decreasing while the amplitude
at a neighboring location will become larger than =zero.
However, the signal can still be correctly demodulated. 1If
noise was also present in the system, then the probability
of incorrect demodulation will be increased due to this
20 timing error. However, if the timing error is small, the
degradation is negligible. In principle, if the signal to {
noige ratio ig sufficiently small, the signal can still be
successfully demodulated as long as the timing error is
less than Tmin/2.
25 The ability to successfully distinguish between two
pogaible positions of a single pulse even when the pulses
are partially overlapped can be used to increase the data
density at the expense of signal to noise ratio
sensitivity. This increase in data density is achieved by
30 moving the allowable pulse positions closer together in a
manner that the skirt of one allowable pulse position will

overlap with the peaks of the neighboring pulse positions.



one enbodi ment of pulses with a five-fold increase in the nunber ofy;5iRb&%
that-has a limted detection nmargin. To denodulate a signal wth the
strongly overl appi ng pulses 15 shown in FIGURE 6, it woul d be necessary to
sanpl e tﬁﬁooﬂgﬁﬁgbed signal at the peak |ocations of all BEEISEH/EISH| se
positions (i.e., at all integer locations on the horizontal axis in FlGURE
6). As is evident fromFIGJRE 6, discrimnation is particularly poor with
respect to the 20 adj acent pul se positions, but this discrimnation

i ncreases for next adjacent pulse, third adjacent pulse, etc. The present
invention provides for a novel nodul atbgn format as described herein. The
al |l owabl e pul ses are nodified such that each pulse not only has a different

time position bui;r23 R sRwRARIEdRENESC 13 BRLREEWEEAneaRheRSBEENEEPUI SE.
For exanple, if a_phase _step of +901 is added between each_ adjacent pulse,
then the pd@l gdlawable pulsenposdtaraszwish sipRiLpgsstooverhabpul Tkeat t = 1
will have i g 2ntks! loeay e d80dea t BE ReSGir tas 3 Wil
have 30 2 gﬁ%“Fﬁg%bﬂﬁéggit aél&gmfﬁ% have +3600, etc. Turning nanto

FI GUREs 7AcampazBd itd usheatfdeanmitte shewh dmd FIGHEmMaty paitt stbis

over | appi ng,_pul ses,w th -.an add phase i f1 of +900. ca phase
mul tipl 8 6F°601 27U’ 6“93\}%%3%%5652%%4%/%02$%ﬁ%}§§1 il a?guﬁsed in
the illust patechtdalddi meireddia codd hirdefedld jndsessd 1in 3thd, naibe}y have

real parts equal to zero _and the ev nunber ed pul ses _have inaginary parts
equal to fg}ostﬁF%ﬁde rEHge H?tﬁﬂgsg%ﬁhg+%%r%%%£%% g&8, 55whi ch

can give egidlelqr beller reeshigemgee than dditioudarddeidralondO0incagge For
exanpl e, a stepping angle could vary by nore than 20' w thout ani
si[gni fi cantdedegitd@at i 6RrIiTo deroddigFénghéshigaal neaghPeORES 7 APUEBewoul d be

10 positions.

Turning to FIGURE 6, illustrated are the details of
one embodiment of pulses with a five-fold increase in the
number of states that has a limited detection margin. To
demodulate a signal with the strongly overlapping pulsesg

15 ghown in FIGURE 6, it would be necessary to sample the
received signal at the peak locations of all possible pulge
positions (i.e., at all integer locations on the horizontal
axis in FIGURE 6). As 1is evident from FIGURE 6,
discrimination is particularly poor with respect to the

20 adjacent pulse positions, but this discrimination increases
for next adjacent pulse, third adjacent pulse, etc. The
present invention provideé for a novel modulation format as
described herein. The allowable pulses are modified such
that each pulse not only has a different time position but

25 also an added phase step between each adjacent pulse. For
example, if a phase step of +90° is added between each
adjacent pulse, then the pulse at t = 0 (time eguals zero)
will have 0°, the pulse at £t = 1 will have +90° the pulse
at £t = 2 will have 1#180°, the pulse at t = 3 will have

30 +£270°, the pulse at £ = 1 will have +360°, etc.

Turning now to FIGUREs 7A and 7B, illustrated are the
real and imaginary parts of overlapping pulses with an

added phase shift of +950°. Because phase multiples of 90°



necessary for the SAWidentification tag reader to sanple 10 the reaszJBfi‘?Boé
of the received signal at the peak locations (t =0, 1, 2, etc.) as we as

shiftin e of the sanpling signal fromone tine e next
0 Vb s RED mpling sig PLRfush s

such that i woul d agree with the expected phase of a pu $houl d
occur at that slot locations. 15 Turning nowto FIGURE 8, illustrated is an
enbodi nent where a phase increnent other than 90" is used with
substantially inproved discrimnation between the correct state and the

nei ghbori ng states where the all owabl e pul se spacings are Tmnl5 and a
78.50 phase difference between 20 adjarent allowed states is used. In FlI GURE
8 a phase increnent other than 90° was chosen to illustrate the |

substanti adty h8®a0Yad tdies il TiHatd wad betveeiméhe, ceheeeidd shaieewed t he
nei ghboring states for a w de V65I‘I ety of hase angl es. Even nore inpportant,
t

FI GURE 8 iPY¥1E8% at®s a:25 dehfath Ha¥r RrhE EEHBAr & BT héRdent i cal

all oved  pehh$ee$BAC Aithnb+dPULLRRASE 1 t $maginasy Ipst& akgdaieardier in
FIGURE 6. The cases of FIGURE 6 and FIGUREs 7~ and 8 "have the identical
appr oxi mat2e¥q ve- Bl Widapraveremt PhasehangdriBecast bs aied adnaguipafed to

the more 30,4 V‘i‘:‘?;xtn"hiog%epp Lih 63’?:“ ?%g@%% pgé§fo§maﬁi:ie9 ChaM N3 But,

W t hout t he phase s ts (F etection mninumnmargin is only
0. 067 whi Iparvidiilahesphasseshi fFer ¢RUGHURES T&=8kpptihng detcdet icvuldirgin to

adj acent states _is 27 L _20Q6,, 03/,065250 .PCTI 1US02/ 41524 -23-. now 0. 81
Wi oh 1's ERSY BYTIGHe FhE A, ¥ EOROR e FSPRRCA (EEATaE i pot  on
mar gi n appreacin@iulide/. dhe angidiarl edhodFIEURE puhse podukaiidn lsan be

characterized by si | taneously shifti, both the phase, and 5 the tine
| ocati on o‘?e%fe%%?@é e c 5t ort P&ﬁggcf"ﬁlﬁn tagp reader to sample

10 the real part of the received signal at the peak locations
(t = 0, 1, 2, etc.) as well as shifting the phase of the
sampling signal from one time slot to the next such that it
would agree with the expected phase of a pulse if it should
occur at that slot locations.

15 Turning now to FIGURE 8, illustrated is an embodiment
where a phase increment other than 90° is wused with
substantially improved discrimination between the correct
state and the neighboring states where the allowable pulse
sﬁacings are Tmin/5 and a 78.5° phase difference between

20 adjacent allowed states is used. In FIGURE 8 a phase
increment other than 920° was chosen to illustrate the {
gubstantially improved discrimination between the correct
state and the neighboring states for a wide variety of
phase angles. Even more important, FIGURE 8 illustrates a

25 dramatic improvement as compared to the identical allowed
pulse spacing without phase shifts as was illustrated
earlier in FIGURE 6. The cases of FIGURE 6 and FIGUREs 7
and 8 have the identical approximate five-fold improvement
in the number of states as compared to the more

30 conventional PPM with allowable pulse spacing of Tmin.
But, without the phase shifts (FIGURE 6), the detection
minimum margin is only 0.067 while, with the phase shifts

(FIGUREs 7&8), the detection margin to adjacent states is



known manner. This enbodiment will be henceforth designated as simyltangpiss
phase and tinme shift keying (PTSK) where keying is the equivalent o

nodul ation.. \Wile the discussion herein only considered uniformy spaced
time 10 sKPAE8AY uniformy spaced phase shifts, those ofCEUSPHAP4 skil |
in the pertinent art wll understand that non-uniform spacing of either the
time or phase shifts (or both) can be done. In this enbodi nent a stream of
data (1) is 15 partitioning into one or nore separate sanple val ues; (2)

at |east one pulse is used to transmt a given sanple value; (3) the at

| east one pulse is transmtted in a spaf. of tinme that is divided into tine
slots that are nomnally, but not necessarily, adjacent; (4) the collection

of time 20n§lv0g$sﬁoméﬁim Jdi8, AN 18k LoTBheORSHE L SPeRt S624P BbM S| Ot'S;
(5) each slot has a unique phase shift and a unique time |ocation; and (6)

the at | eawhighehpsgl sedesecbhpai Magdini pRPRORABiIRYOUPILY -slots in a

pr edet er m ned rrgﬂne%ngghe&epre%%l&ﬁmte?%éi Rgp(%]tr)lér%t i ?J&S#ﬂ%@d}?d éa[}ll';]h}g? separate

sanpl e 25 val ue. "G oups can vary in o] ot’s "and/ or he
nunber of ohevpredriketisbunsirgtiltdndmusiy wht fithencsbopl the pheserasént

i nventi gn. ﬁl SQ,, a Si nglte.(gllr]ou% can b‘IE defi ned S h that,it n% has a
fixed numb eofjﬁ%%u£? Y-S oPs o, PRIPEr FATVERY 254 i GheP 4t | oW for a
varyi ng 30kadiher mehneecupi edrisi ot SsemPbadmentSi Gglhe dalen rssegt-rewul d

i nclude nore than one type of group (for _exanple_the header m ght be one
type of gréﬁﬁ}gf"ﬁéegc?@gl Héff"é%’éag@@éﬁdphtafﬁe gk dU8, Cankef iy

detect | on/ (99EKFCHnkeD WEFthay GilcrR i 2008: WP 43408250 PCTIINZ! 41524

-24- be of a third type) Al of these variants have particul ar useful ness
in SAW RFI Bheadissanes spe hereip thy crasifegrdenniformly spaced time

10 shifts and uniformly spaced phase shifts, those of ordinary
skill in the pertinent art will understand that non-uniform
spacing of either the time or phase shifts (or both) can be
done.

In this embodiment a stream of data (1) is

15 partitioning into one or more separate sample values; (2)
at least one pulse is used to transmit a given sample
value; (3) the at least one pulse is transmitted in a span
of time that is divided into time slots that are nominally,
but not necessarily, adjacent; (4) the collection of time

20 slots comprising the span of time constitutes a group of

( slots; (5) each slot has a unique phase shift and a unigue
time location; and (6) the at least one pulse is contained
within the group of slots in a predetermined manner to
represent the information contained in the separate sample

25 wvalue. Groups can vary in the number of slots and/or in
the number of occupied slots and still be within the scope
of the present invention. Also, a single group can be
defined such that it only has a fixed number of occupied
slots or, alternatively, it might allow for a varying

30 number of occupied slots. Also, a single data message
could include more than one type of group (for example the
header might be one type of group, the actual data a second

type of group, and an error detection/correction word might



scope of the present invention. A conbined nulti-pulse group keying:ﬂq%bzmm
simul taneous 5 phase and tine shift keying (MPG PTSK) can al so be

| mpl ementygd.o3/b52MP3K nul tiple pul ses were used in one gr ? i, N
separated the pulse positions. In PTSK only one pul se pe?Qgﬂgﬁ%M'ﬁ%ke

conventional PPM was used, but the allowable pulse positions were allowed
to be 10 significantly smaller than Trmin. Conbining the two types requires
attention to certain subtle details. In the MPGK case, two adjacent slots
can both be occupi ed because, as described above, the skirt of one pul se
does not overlap the peak of any nei¢gdboring pul ses (the sane as for 15
conventional PPMas shown in FIGURE 3). However, if two adjacent or closely
nei ghbor i nge sibtss therel dlyipeled Rdlbef shese twarebusty hcozipeaedt Whelawisi ng

strongly over i ng . s.in Fl GURE 6) he. pot ent.i al, f.or strong
inter- syttt ﬁ%ﬁ&l@%ﬁ&?’dt@&?n eEhBeht pUFERRIA Y %dld'fttFrfge esult in
al nost tot§&o§@ngﬂlﬁméiﬁ&bgéﬁuw5ﬁwéﬁﬁﬁémp where a significant phase shift
bet ween pul ses i s present FIGUREs 7 and 8) . This paqtentia

: (e.9,,
i nterference m&t%@buaaﬁr@eéga-wl?ﬁegwek FEYdRg P RO aReReE be
successf uldly, gonbppgd Wit t he RTSK pay-had. %ﬁpé«/@ﬁlsﬁ%xnrmhh% f gfe sol ving

the interfeerence problem is to inpose a ™ ni mum pul se spacing rule when
usi ng MPGd Ml emrvied h PTISK. MBRE geddizilley pighses were iwsehatnwine the

al | owabl e et | ' o] si gpi f t mal | er
than T n ST B i A B L B e L PEA P T T
wavef or m nuset @hley spehageocupnil hikancepaenhgogrda®@M)t vars Twed, Tauthing to

LU S, i) uokiabatste SRATOd deDl ol WY psga PRl npgul e (Pt

10 significantly smaller than Tmin. Conbining the two types
requires attention to certain subtle details. In the MPGK
case, two adjacent slots can both be occupied because, as
described above, the skirt of one pulse does not overlap
the peak of any neighboring pulses (the same as for

15 conventiocnal PPM as ghown in FIGURE 3). However, if two
adjacent or closely neighboring slots were allowed to be
simultaneously occupied when using strongly overlapping
pulses (as in FIGURE 6), the potential for strong inter-
gymbol interference would exist between pulses and could

20 vresult in almost total cancellation between the two where
a significant phase shift between pulses is present (e.g., {
FIGUREs 7 and 8). Thig potential interference must be
addressed if the MPGK wmodulation method is to Dbe
guccessfully combined with the PTSK method.

25 A primary method for solving the interference problem
is to impose a minimum pulse spacing rule when using MPGK
along with PTSK. One generally useful rule is that while
the allowable pulse positions can have time geparations
gignificantly smaller than Tmin, in a specific waveform any

30 two actual pulseg included in that waveform must always
have a minimum spacing greater than Tmin.

Turning to FIGURE 9, illustrated is an embodiment of

a minimum pulse spacing rule that allows using MPGK



-25- together with PTSK. In this exanple, one pulse in the waveforyisL 2006
selected to occur at t=0 and, by the m ninmum pulse spacing rule, the next

pul se is from positionst =1, 2, 3, and 4, but i dto
occur at‘@éégﬁgﬁg%ns t =S, 6, 7, etc. (Note: the PTSK phgéiﬂgh¥§¥§a bet ween
pul se slots have been omtted for clarity.) Note that at |east four pul se
slots had to be skipped between selected pulses where Tmn is equal to five
slots. In a nore general case, if a slot width equals TmnlI N then a 10 skip
factor can be defined that will equal N-1. Larger skip factors can be used
and could be beneficial in certain cagés (for exanple in operating
environnments with strong outside interference) . Sonewhat smaller skip
factors cowodetdlenn wetherrsfdrei allni thisheexampds, buing t pappearis1 t bt 15

assuring a mnigrum spaci ng equal . to Tmn wll 1ikel e the best choice in
oot O oA T orAle CHE b PERUEo R i Kotk EF PLOLPHB: ence
probl em of duyead) thes| @13 ebei BHe OCKeRE eyt RESKeke1ugeabi pedmw t h

MPCK i s based on the orthogonality between 20 adjacent slots that arises if
the phase #qsfttigtdwden=siot3: Bs 999 (sedithd o x@hwedi MRrPFTi 8F in

FORE © . ddeidithphase 53 syl bl clegl | Yorhease die Wbk LhgRa pHiREI N ANy
gi ven sl ot Mﬁﬁ1 not interfere wwth either of the two adjacent slots. In
this case, heiwesdd phdrersdosiobsver beeB tootiditied | frlepehaehty of Hbteeven

nunbered sl.Qfs. u a Il k. _interf.ere_w kt 4t h, 6",
etc. nearégF&héﬁgh %%%tiFs?ﬁe£§g§§i%éggF taggéﬁ%éﬁéh%%%ég?g B%ﬁ@%g% t han
Tmn. In the egpeed ghul sed helgenal Tnéar ést egueilgltooriiwase] ota usefnl anmet hod

(or enalyzingd e, SBiLPnaB0 e o Ghyige,t ey ot g on et ned
I 'l ust riaf echuip H&3RR-9che $epalaiflad appht edild eaglalsub-1. Larger
skip factors can be used and could be beneficial in certain
cases (for example in operating environments with strong
outgide interference). Somewhat smaller skip factors could
also be beneficial in other cases but it appears that
15 assuring a minimum spacing equal to Tmin will likely be the
best choice in most c¢ircumstances.

Another method for solving the potential interference
problem of two adjacent slots being occupied when PTSK is
combined with MPGK is based on the orthogonality between

20 adjacent slots that arises if the phase shift between slots
l ig +90° (see the example given earlier in FIGURE 6). If
the phase is sufficiently close to +90°, then a pulse in
any given slot will not interfere with either of the two
adjacent slots. In this case, all odd numbered slots are

25 totally independent of all even numbered slots. However,
a pulse can still interfere with its 2™, 4%, &%, etc.
nearest neighbors if the spacing of these neighbors is
closer than Tmin. In this special “orthogonal nearest
neighbor” case, a useful method for analyzing the options

30 is to divide the slots into two intertwined sub-groups (I
and Q). Then, if necessary, the Tmin minimum spacing rule
illustrated in FIGURE 9 is separately applied to each sub-

group.



group. 27 JUL 2006 WD 03/065250 PCTI US02/ 41524 -26- This enbodinen 06
using PTSK conbined with MPGK is generally characterized by a S|gn|?|can?

overl ap the pul ses in neighboring slots. Variant

enbodineﬁﬁ£¥§ﬁ9%% derived fromthe earlier descriptions 0?'§%8$%k§and MPGK.
However, the conbination of PTSK and MPGK shoul d consider the need for
providing a neans to avoid the potential inter-synbol interference effects
that may arise when using pul ses that have significant overlap with

nei ghboring slots. Since this nmethod conbines the 10 characteristics of two
enbodi nents previously described it caf-appropriately be called MPE PTSK
(i.e., conbined multi- pulse groups with sinultaneous phase and tine shift
keyi ng) . Turnlnghﬁéwamengﬁﬁ§J. usingt PESKd cosba |vel thy MBBBWLAg t he
286 possi bl t hre f S e ndroup of
21 slots hav %F%%gaﬁgkéﬁgﬁégg %Qf % a %1i§%%§%%&éé§% lé% gekg}l%gle group
where a SAWERFpDlsag has theeghbethagtosioper groUprlmntB 26f skthis per

, Ki f.act of f 0 t dj
Slots' rangHBoRRBRRTS62F0 D Eisrw%ﬁe%ﬁg}ss eI RE B RCLRELaRE 3R S ot s

I's the SampT&X ands MPEICT! | hetlvedpdd | ethe NeaiiinaeidwnoM phskl &hREgpdrkand 8.
The five-fold qQverl ap,hetween nelgggoriqggp ses required a skip Eactor of
four. It iSheildeRPnehdero8hesratdstar & 9 & Q%)V?nEHHédtﬁ €25G

states thaboeewceenomattee 8ymBichS 10t e¥b@endBi 8fpabtisCuhat ¥a Iaes_saas a
group size that is alnost identical to the one described in FIGURE 4 wth

the same nufissr Bfidd: PBLIEss Hdwelvelava Ragridd camdy opvaadtant agéshi n t hat
it only us%%lb@ﬁ%?lﬁéyv ARCIOTS gince this method combines the

10 characteristics of two embodiments previocusly described it
can appropriately be called MPG/PTSK (i.e., combined multi-
pulse groups with simultaneous phase and time shift
keying) .

Turning now to FIGURE 10, illustrated is a table

15 showing the 286 possible states that exist when three
reflectors are used in a group of 21 slots having a skip
factor of four. This is an example of a single group where
a SAW RFID tag has three reflectors per group, with 21
slots per group, a skip factor of four, and a phase

20 increment between adjacent slots ranging from 75° to 105°.

The phase increment between adjacent slots is the same as

iy

was described earlier in conjunction with FIGUREs 7 and 8.
The five-fold overlap between neighboring pulses required
a skip factor of four. It i1s evident that 286 states are
25 sgufficient to encode the 256 states that correspond to 8
bits of data. This particular variant has a group size
that is almost identical to the one described in FIGURE 4
with the same number of data bits. However, it has two
major advantages in that it only uses three SAW reflectors
30 instead of four, and second, it is less susceptible to
common transmission distortion effects such as short-path
multi-path signal transmission and other pulse smearing

effects.



30 instead of four, and second, it is |less susceptible to common 2 JUL 2006
transm ssion distortion effects such as short-path multi-path signé
‘transm ssion and ot her pul se snearing effects. 27 JUL 2006 WO 03/065250
PCTI US02/ WPH3R6525%_  Tyurning now to FI GURE 11, il ustr at ed PCI/GHORAALE

showi ng the states for a SAWRFID tag with 10 slots, two reflectors and 36
possi bl e placenents. This table was taken froma situation where the SAW
RFID tag had four 5 reflectors per group, 20 slots per group and a skip
factor of three and a phase increnent between adjacent slots of plus or

m nus 900, where the group is dividediyto two sub- groups. This exanple is
quite simlar to the previous exanple in which four distinct phase states

are divided 10 +REQ; 540 r4b- 960uPTIHE t €0, S| Of Su@edtedagh sab+gup can  be

treated as having a skip factor of one. The table gives the states
cor r espond#hgwing ohkes gERtesh ferowh. SAheRBHP ytadi Wi theAle SBotReertwi s

exanpl e anfe HepLeyl Qi V3 £XpaBkenks dhdleddifcd W0 inhhasentgf hegt ors (+
& -1) can be o ei ther the sane si g or of opposite signs. The maj or
advant age bakehi fremanpl eitvathon whelre3alst abdd BFHIDsubag ghedp,fauint ot al of

10 bits.per oup can_be tain lch _1s better than the eight bits in
the pr e%i Oﬁ%9£§% T2 p?ﬁegp%]?%’a%oan%g%%% Bi* (SR I% Sé{r%’ ?6%}5}1% y worse
spurious 20fr ehlkeet o & hamddeipieamans lexawpse addatbatgeletal of

sensitivity_.to pul se snearin effe%_?ﬂs. Turnin ow to_ FIGURE 12, illustrated
'o o tabl cPLURGHE M WA Wity HGTS GHesOXPUR 1 oni Bidody FETD By SHRh  f our

reflectors%fsﬁpgroupxh% skainpleer Jr @uPre asikiiNa2d dactpe Yrdhiiify a phase
i ncrement between adj acent slots 900 with division into twdo sub-groups and
only one example in which four distinct phase states are divided
10 into two sub-groups of ten slots each. Each sub-group can
be treated as having a skip factor of one. The table gives
the states corresponding to one such sub-group. The only
difference between this example and the previously example
is that the two in-phase reflectors (+I & -I) can be of
15 either the same sign or of opposite signs. The major
advantage of this example is that with 36 states per sub-
group, a total of 10 bits per group can be obtained, which
is better than the eight bits in the previous example. The
disadvantages of this example are possibly worse spurious
20 reflections than the previous example and the general
; gensitivity to pulse smearing effects.

Turning now to FIGURE 12, illustrated is a table
showing one sub-group of states from a SAW RFID tag with
four reflectors per group, 20 slots per group, a skip

25 factor of three, a phase increment between adjacent slots
+90° with division into two sub-groups and only one
reflector of each specific phase per group. This table is
from the previous example in which four distinct phase
states are used that divide into two sub-groups of 10 slots

30 each where each sub-group has a skip factor of one. Only
cne reflector of each specific phase ig used in each group.

Turning now to FIGURE 13, illustrated is a flow chart

describing one embodiment of a method of responding 1300 to



reflector of each specific phase per group. This table is fromthe ﬁj\ﬂz%los
exanpl e in which four distinct phase states are used that divide into tWwo

sub- gr oupgo®kdddse! ots 30 each where each sub-group has al,%k[j/ szagzgr of
one. Only one reflector of each specific phase is used in each group.

Turning now to FIGURE 13, illustrated is a flow chart describing one
enbodi nent of a nethod of responding 1300 to 27 JUL 2006 WD 03/065250
PCTI US02/ 41524 -28- a query for an object nane in accordance with the
present invention. In one enbodi nent of the nethod, an object nanme query
conprises a unique code associ ated wi-28-the object nane. In still another
enbodi ment, the nmethod of 5 responding 1300 is based on deriving a 96-bit
nurber fr Gmauary dedi | 417 colpd ®Ft t AgNE oL R 0RATPHda BBt thaieqpEaserith yet

anot her ernhodi t h : ondi | : | Vi ng
i nf ormati on ffgﬁggLSA |§§%t?ﬁ?§§%&gﬂ9t§g %%%]égﬁhé?hgéggﬁgggﬂﬁg%@khuery. 10
| f the entwpdinerntomprisesi avemtiigoe revicessreidred FVEURELES iobjeaded on a

uni que code _derive rom 96+ bi unmber cqde n a, SAWidentification tag
200, e o SAW (B obo SPRTEST ( SORAL TP bst FRfed ERRERGURE 2 wi th
twel ve gr appozidiref 2061 0f sba4éd | onafledivoingha sgbdtitanember2fomf the

SAWtag 200 has three reflectors 250 | ocated .in each group 230 (using a
skip fact&® S%W%Jé’rbﬁégetoi EEF'EHE]F!? Sk P 118t ¥S%ngi ng

from 750 tghck@RY) emddiBinerdd & thed aRtHIE o%@eﬁp@rﬁﬁ@aﬁsw lils &dsda for each
group. As described and illustrated with respect to 20 FI GURE 10, these 286

states ar ©t|RFIVIRYf LNEPERRLLBN ExEBdSE tHW r bdentLiioabicratag fétessary

to Corresﬁﬁﬂﬁ1kﬁma%ﬂﬁéé%‘ﬂaﬁguéhe%?%B’ with twelve groups 230 of slots 240,
each group 230 encodi'ng 8 bits of data, a 96-bit nunber can {
10 If the embodiment of the invention represented in

FIGURE 13 is based on a unigue code derived from 96-bit
number encoded on a SAW identification tag 200, it may be
a SAW tag 200 similar to that illustrated in FIGURE 2 with
twelve groups 230 of 21 slots 240 located on the substrate
15 210. If the SAW tag 200 has three reflectors 250 located
in each group 230 {(using a skip factor of four and a phase
increment between adjacent slots ranging from 75° to 105°}),
there are a possible 286 states that will exist for each
group . As described and illustrated with respect to
20 FIGURE 10, these 286 states are clearly sufficient to
encode the required 256 sgtates necessary to correspond to i
8 bits of data. Thus, with twelve groups 230 of slots 240, |
each group 230 encoding 8 bits of data, a 96-bit number can
easily be accommodated on a SAW identification tag 200.
25 This 96-bit number, as those skilled in the pertinent art
will recognize, provides for a prodigious address space.
A 96-bit address space on a SAW identification tag 200
can be divided into a number of fields representing a
variety of addressing schemes, all of which are within the
30 intended scope of the present invention. For example, a
portion of the address space can be designated as a
"manufacturer field” where information and data about the.

tag itself can be encoded, such as the date of manufacture



easily be accommpdated on a SAWidentification tag 200. 25 This 96-bj-tyq 2906
nunber, as those skilled in the pertinent art wll recognize, provides for

a prodigi 3REhsgss space. A 96-bit address space on a ?@ ldentification
tag 200 can be égzl‘%vi ded into a nunber of fields representi Wéﬁsoe’aﬁzéty of

addressing schenes, all of which are within the 30 intended scope of the
present invention. For exanple, a portion of the address space can be
designated as a umanufacturer field" where informati on and data about the.
tag itself can be encoded, such as the date of manufacture 27 JUL 2006 WO
03/ 065250 PCTI US02/ 41524 -29- and antdi2%ounterfeiting codes. Oher fields in
the address space can be used for other functions, such as a "custoner
field" to gmdwvmdsa -osferteatiicort oy tledasusi Aeksrof idlds nes dds adsimegst he t ag
or series of tags tq identify objects.-1n.5 one enbedi nent ,of the invention,
for exarrplse'?a?%g:%t eodlsep o‘%llcfrdeast%}eo]fr ftﬁsr}cr‘i:glo ccfdrté\ssusc%s|S'§c§l f SPECEN al | y

assi gni ng £ierdpher proslijdect nfiatmasebvicos ithe thesiseaandhibednedyseal | evel .
In still anot her enbodi ment, address space is used JE}/Qr yurt her peripheral

obj ect nameEed vErS bRIaCFhiSEFIES Mierd%hi il 1HeREILY TRRISCFS: | d%hort,

abundang sHaceefBbdiRe§ENbEA RULNAIAANA DD &St OExaHgl £5SthRaGR e nunber
of functions. Such a central authority can assign such_space  pursuant to a
protocol tRrPpeidRs efebedsSondamidsErer SrAGCERF cHeBYEREAYt RECLIESERY t he

Fespondi nd Ta00 11T UsT AT Ed TR CORE 900 pravi SRS ar “ArTan Be Sduer i ng
systeminité¢egly Idi rdaitlilhqramthshy embaotimendue afdIBEE tspame s esedhanme
Cache SR ILBHRR B PRL oGl SR Y XA M i e
10 hierarchical level. There is, in short, abundant space for
a central authority to assign address space to a number of
functions. Such a central authority can assign such space
pursuant to a protocol to be developed or any other
structured system that keeps the overall assignment of
15 address space orderly and intact.
The method of responding 1300 illustrated in FIGURE
13, provides for an object gquerying system initially
directing an object name guery 1310 to an object name cache
1320 maintained by the object querying system. The object
20 name cache 1320 is queried first to see 1f information
{ about the identification tag and its object is in the cache
1320 before initially directing the gquery 1310. If the
cache 1320 contains no information, the query is directed
to a central object name server 1320 (constituting a first
25 hierarchical level) that then directs the gquery 1310 to one
of the peripheral object name servers 1340 {(constituting a
second hierarchical level). If the object name cache 1320
has information available, the query 1310 i1s instead
directed to one of the peripheral object name servers 1340
30 and the first hierarchical level is skipped. If the
peripheral object name server 1340 has the object name, it
regsponds to the query 1310 with such name. If the

peripheral object gerver 1340 does not have the name, the



about the identification tag and its object is in the cache 1320 b%%%ﬁﬁzmm
initially directing the query 1310. If the cache 1320 contains no

I nf or mat ivp@ g3/bd3esgquery is directed to a central object n 1320
(constituting a first 25 hierarchical |level) that then di?g?géﬁ%%gﬁauery

1310 to one of the peripheral object nanme servers 1340 (constituting a
second hierarchical level). If the object nane cache 1320 has infornmation
avai l able, the query 1310 is instead directed to one of the peripheral

obj ect name servers 1340 30 and the first hierarchical |evel is skipped. If
the peripheral object name server 134@-has the object name, it responds to
the query 1310 with such nane. |t the peripheral_object server 1340 does
not have tEnRYand31fhds27in%keadodirgoted) 065250 MWZP@?SE@E—'@@— query

1310 is i g%g!: Hahe (R VR 3 35 [RBRGELRNHAL RYAChi8RERAGLLAr 1350

(constitutl I'rd hierarchical evel) to~provides the object nanme. In
appl yi ng tleerediargs erdtigists dthed dbl datCuREe3, 5 consider an identification

tag manuf act ur erﬁ r%ﬁﬁg{#ﬁ%t Q%e nggg{ngigurl r%@%ta Vé/é dg\tplt 'ﬂ‘?@ﬁ‘ or13t ags, that

maintains a ¢ €ttt nhane Server w a rel évant al I'"t'he
cust onsr s doarsivterc ham t iGast iAnchadonr edg dentiffdactatmean dags. adhiche

I nformation i s on a cent bj ect_ nanme server 10 that _constjtutes the first
hi er ar chi &Y uﬁﬁﬁiqé%#ggéh%§ﬁﬂféﬁﬁ%ﬁ?@ ﬁ% SofgﬁanWﬁaPEPlﬁétﬁork or
net wor ks (Qatitetal csHuternaee Weekvesuldthy dahiey |rdesnaiy . cdfalbethe

Identification tags were designated for use by a specific ,industry or
cust oner, BFEHPUEET hECHUtYHAR ve tor Raf r dlrditE - Uksthif ddeprifdcrtdodiry, a

field encoders on 1the Liagordtd o0 1d Y @lk@ntRe bBYUstr %apk cusierer would
mai ntain a “peripheral object name server containing identification :
10 that constitutes the first hierarchical level and is made
available by way of a computer network or networks (which
computer network could by the Internet). If the
identification tags were designated for use by a specific
industry or customer, such as the automotive or aircraft
15 manufacturing industry, a field encoded on the tag would so
indicate. The industxy or customer would maintain a
peripheral object name server containing identification
information regarding objects to which the tag has been
attached or associated. This peripheral object name server
20 1is also coupled to a computer network (which may be the
Internet) and constitutes a second hierarchical level. In {
some cases the industry or customer may provide for
additional object naming levels. For example, a large
automobile manufacturer may have a number of different
25 facilities, such as a number if part manufacturing
facilities and assembly plants, that assign identification
numbergs to objects. Such facility or plant may also
maintain a further peripheral object name server that will
constitute a third hierarchical level.
30 Using the automobile business as an example, assume an
identification tag reader is used by a repair shop to
identify the globally unigque number that is encoded on an

automobile part and the repair shop wants additional object



I nformati on regardi ng objects to which the tag has been attached or

associ ated. This peripheral object nanme server 20 is also coupled t 27 UL 2006
conmput er networ k 4mh|ch may be the Internet) and constitutes a second

hi erarchi V%3087 . in some cases the industry or custom®PCTHESP2MIBYi de for
addi ti onal object namng | evels. For exanple, a large autonobile

manuf acturer may have a nunber of different 25 facilities, such as a nunber
if part manufacturing facilities and assenbly plants, that assign
identification nunbers to objects. Such facility or plant may al so

mai ntain a further peripheral object fmme server that will constitute a
third hierarchical level. 30 Using the autonobil e business as an exanpl e,

assune an ideerifitgaiénn tagrseadeion s use@hby asrepghé sfﬁmﬁo dfdentify
the globally unique number that is encoded on an autonobile part and the

repai r shopemah®Stana; t i onHF188) eéhe27MgEROd006 OO IFIESESE5S PERAGS02/ 41524

-31-ident]{{GatiQhea N QRN lBSU%hqﬂér&'h%Y@aisoinsﬁw&?t &ndsing the
met hod for responding 1300 ilTustratéd in FIGURE 13, a query 1310 is

i nst it ut edréiyateshpppaisinsh@n WHIRS tandwbwng q@ﬁssyeling sy¥see®biR®E obj ect 5

querying s h 2 t | first
to see ?f @%@% %S%] %ﬁuﬁﬂgﬁﬁjgﬁﬁpggg §%H1t§a8aéﬂé‘ lé?%é:q%g{:ﬁgsdbefore
the obj ectquemeegi ngf syt emtiani t isalel y dfrecisf®hmaqueny 184t | f tHee cache
contains no.info on ahout t.he query 1310, .the 1Q object queryi system
then direct®® ‘E‘h’efhﬂ% .SL/OEB%QO:LE tBnttH  GBFE& Hﬁg\@rger@—é‘? f%’\?(? r]:guch as
the identidiuseaying syagemanuiactller firevbischhesgibeyf lmato hi erfartqﬁ cal

| evel of the object-nam ng |nf£astructure The central ect nane server

1330 then GR¥RS; ﬁ‘PBFﬁ‘-&Frgoﬁlcbrb”\} FEHE bR habpry $he glery 155h,
10 object guerying system then directs the query 1310 to a

central object name server 1330 (such as the identification

tag manufacturer), which is the first hierarchical level of

the object-naming infrastructure. The central object name

server 1330 then uses information provided by the tag’s

15 “customer £f£ield” to direct the query 1310 to a peripheral

object name server 1340 malntained by an automobile

manufacturer. This constitutes the second hierarchical

level which either provides a response to the query 1310

with an object name or directs the gquery 1310 to instead

20 query 1310 a further peripheral object name server 1350

[ constituting a third hierarchical level that provides the
object name.

1f an object name is maintained in the object name

cache that is first queried, and the first response is

25 first directed to a peripheral object naming server or even

a further object naming server instead of to the central

object name server, this represents a significant

improvement in efficiency over prior art systems. This

would be the case, for example, if “customer field” are

30 automatically cache in querying systemg when tags are first

desgignated for use by a particular industry or customer.

The cache may also by used to store information from

previous queries. If the cache has sufficient data, a query



15 "custoner field" to direct the query 1310 to a peripheral object_n
server 1340 maintai ned by an autonobile manufacturer. 'This constitu?%ﬁﬂﬁwgs.
second hiwpaseEal |evel which either provides a responzpeéélié[gsot he_query
1310 with an object nanme or directs the query 1310 to inst Qﬂlﬁ%ery 1310
a further peripheral object name server 1350 constituting a third
hi erarchical |evel that provides the object nane. If an object nane is
mai ntai ned in the object nane cache that is first queried, and the first
response is 25 first directed to a peripheral object nam ng server or even
a further object nami ng server insteadZof to the central object nane
server, this represents a significant inprovenent in efficiency over prior
art systeman e dixgafied b thee caBpropbiatx ahpetarrhicadsiewed fingd d" are
30 aut omat ] I ag I Jeryi Vst e e i i gnhat ed
for use bfﬂgﬁ%a%?fc% gﬁkgﬁggg rﬂﬂgﬁggiétg?%?g @$%§g§%?%g %3§E3F50%%§ used to
store i nf orirat iporesferdmdayr ERSoahadquenises debfl whéehc ache thrasys afifireisent dat a,
a query 27 JUL 2006. WO 03/065%20 PCT/ US02/ 41524, - 32- cap be di{ected to the
appr opr i at® A %r AP TRPREF T Ry PO P IRET aff Pt Bt PEhg PR s*°THi s shoul d
be conty astiatht Wibliagbﬁi@la_tl- MeyeIDNﬁ THeobfesit -gaading ﬁhéf&?bt&uaﬁpx@ddrﬁss |
space assignnments and requires_each inquiry to to, a irst hierarchica
| evel . Th&SEERehARTRd™ REFRLEAULELR draRaiciIon Rscaarsras arostn o
dramati caldsy 1d@Eraas @AW cef dlabiiecthahmcheceoatr 3l eBheghk-coame
server is required to handle. Unlike , even partial addresses can assi st
t he queryitiy lens iWnkider BNY: aeeneBarbiaheaddrepaps10apbpest stane
server or j chi y skeepi Al Sj addr ess
space ord etlr ¢ %%%ﬁnﬁc??gﬁfmg Heepi89aihg qouerall @5stgameaheeh
10 object name server or lower hierarchies. By keeping the

overall assignment of address space orderly and intact, it
allows cached former cueries to guide the direction of
future queries so as to avoid higher server hierarchies as
much as possible.

15 Although the present invention has been described in
detail, those skilled in the art should understand that
they can make wvarious changes, substitutions and
alterations herein without departing from the spirit and

scope of the invention in its broadest form.



all ows cached fornmer queries to guide the direction of future queries so as
to avoid higher server hierarchies as nmuch as possible. 15 Al though the
present invention has been described in detail, those skilled;ijftsgs art
shoul d understand that they can make vari ous changes substitutions and
alterations herein without departing-BBomthe spirit and scope of the

i nvention in its broadest form 27 JUL 2006 -33 WHAT IS CLAIMED IS: 1. An
obj ect -nam ng network infrastructure, conprising: a central object nane
server coupled to a conmputer network and constituting a first hierarchical
| evel ; WHATISICHARVIED M ect name servers coupl ed to said conputer network
and constituting a second hierarchical |evel, said central object nane
server respbondimgbjéco-naminphjeecdrk maftastraetareycompiingved from a surface acoustic

wave i denti§ béntdal Gjedt AGmB satvarkotdpled tedEnfiffertndei @R BndYyorRatufing pfirge posi tion
and phﬁ&@dr@{?@dltévglnand eceived froma querying systemby directing said

queryi ng esrgﬁ%a]&géi%ﬁ%eséﬁ ST dsc%ﬁsu Ehith ﬁ{aidc%gtﬁ me servers
Lorver SRR wa}ﬁevefaan@gw of b it S5 %m%paogn& ect "o
dlrects?fbve O 3 3Hs Ej"‘é Payq sm {?é‘r‘%PtP ’t“’é date, g ?dgie eﬁ obj ect

name BelseResEionsRd phassiopiEon, e yed néi’ GHEHNG AYStena b “e‘\mérs%‘ ﬁluél'éﬂ"é queryi ng
syst ensysenntospieryangeadpnetot said pagphesd @bject 2mesRversin said spaend hiegareicaleci t ed i n
Cl ai m leveheaidbne ozl ehipberal obgere naueseyveroatfErasivslyaesponding to sutiguegswiski at ed
Wi th san dbjehjnamit ondirecting saidly@eryinigrsasem tefuerginaead Beiheepkriphei@ abject hamber ei n
sai d objrest coratimutiay 8 thirdIBTAFdhicaE lefel, @ferbintsaid WibE ingdgEtemesl adsbeittedWith a

i denti {4.Gaddepn tag. 4. The infrastructure as recited in Caiml wherein said
querylng system contains an object nane cache for containing said object

nane, said_gugfying.s ubsn; éfcﬁee&h'dg Eh el S oA ERAYEIY chfpsald cache

before direct| n 0 sal server.
5. The“?‘ﬂ\"‘?%??ra ‘?W%"& f“ﬂ e al m |1 wherein at Ieast sone of sai d

peripheral object nane servers of said second hierarchical |evel are
associ at ed % The ndestespaeas regiteshinddaim 1 wherein said object name query comprises a
96-bit number derived from an identification tag.

4. The infrastructure as recited in Claim 1 wherein said querying system contains an
object name cache for containing said object name, said querying system directing said object
name query to said cache before directing said object name query to said central object name
server.

5. The infrastructure as recited in Claim | wherein at least some of said peripheral object
name servers of said second hierarchical level are associated with corresponding object
manufacturers.

6. The infrastructure as recited in Claim 1 wherein address spaces of said peripheral
object name servers of said second hierarchical level are centrally assigned.

7. The infrastructure as recited in Claim 1 wherein address spaces of said further
peripheral object name servers of said third hierarchical level are assigned by corresponding
object manufacturers.

8. The infrastructure as recited in Claim 1 wherein said computer network is the Internet.

9. A method of responding to a query for an object name, comprising:

initially directing a query derived from a surface acoustic wave identification tag having
data encoded thereon by both pulse position and phase position to a central object name server
coupled to a computer network and constituting a first hierarchical level;

subsequently directing said query instead to one of peripheral object name servers
coupled to said computer network and constituting a second hierarchical level; and



manuf acturers. 6. The infrastructure as recited in Claiml wherein address
spaces of said peripheral object nane servers of said second hierarchical
| evel are centrally assigned. 7. The infrastructure as reciteg~ifGhgs M |
wherei n address spaces of said further peripheral object nane servers of
said third hierarchical |level are assBgned by correspondi ng object

manuf acturers. 8. The infrastructure as recited in Claiml wherein said
conputer network is the Internet. 9. A nethod of responding to a query for
an object nane, conprising: initially directing a query derived froma

surf ace acosisdrhativety\respodding id saibquegnwithgn bbjectmgmedatiaedingcdiddiutiyansad by
bot h pud feth@qfriphdil cbiedt PAAS Srp@s tdnstintih®a thikidniérahicalle e wheen ssidr ver

coupl equg isPasSaeianed ®ith Redgwesder.and constituting a first hierarchical |evel;
subsequently directing said query instead to one of peripheral object nane

servers couypl | . g | | -
i er ar ohi cafo1 0 +1.9th§(?;‘§g§@{?ﬁ“%8ég%§§%§| GRS ol GrRE R e,
query \ﬁ?cie}‘f's%c}‘f'ag Wit s3id AUCE AW oct i ng sai d query i nstead to further

peri pheral object nane servers constituting a third hjierarchical, |evel,

wher ei n sai 8- Hrengthpd ageesitrd inldamap fusther comprismgdederiving a St imipes droms

reci t edn idenidfication Gpvip éorai saidsehjert opeduerhane query conprises a uni que code
associated with said object nane. 11. The nmethod as recited in aim9
further conpl.i shegethoday tevitdgina18i6r Divheroinrsailrquirying syatem abatdiisfanobjecon tag to
form sahfe othe &r cORERIMEURIYobido nahbSaidehdiRgl faRh&Rpeidini Mirstl sty safaer ei n

sai d qypjed!Hash S50 Rhche BefodsaAPinftlly diéfilgcache for “contai ni ng said
obj ect nrane, sezl?ég&net hod furt herS corlr]pri gi ng flgrst directing said object

name query id cache hefore.said initiall irecti-ng. .13 . The method as
recited in 'af@i@i@ﬂ%?se'eﬁﬁ%@nl@l 93{‘3%'"05?1133 tisgméé’?lgalg%f%?%e&%oegg name
ser ver S23F SUIEHO 17aon pmapcbirebloreljag Associted Wit %§B 0% ?lﬂe{torrespondi ng
obj ect MaARACHIEEL urers. 14. The method as recited in Claim9 further
conprising centrally assigning address spaces of said peripheral object
name ser ver $4.oThsmettiod ecenitedinglanchiurthkr domprisingkentrallyassigningdddressr eci ted i n
Cl ai m Spdeey dflsaid peeipivralubisgt anmd givengof said seconddsgranticaldevealbj ect

manuf act urers, address spaces of said further peripheral object nane servers

of said thifg Tk GEREEN &Bed i8\Bhim 9 further comprising assigning, by corresponding
object manufacturers, address spaces of said further peripheral object name servers of said third
hierarchical level.

16. The method as recited in Claim 9 wherein said computer network is the Internet.

17. An object-naming network infrastructure, comprising:

a central object name server coupled to the Internet and constituting a first hierarchical
level; and

peripheral object name servers coupled to the Internet, associated with corresponding
object manufacturers and constituting a second hierarchical level, said central object name server
responding to an object name query, derived from a surface acoustic wave identification tag
having data encoded thereon by both pulse position and phase position, received from a querying
system by directing said querying system to query instead one of said peripheral object name
servers in said second hierarchical level, said one of said peripheral object name servers
alternatively responding to said query with an object name or directing said querying system to
query instead further peripheral object name servers constituting a third hierarchical level,
wherein said querying system is assoctated with a tag reader.

18. The infrastructure as recited in Claim 17 wherein said object name query comprises a
unique code associated with said object name.

19. The infrastructure as recited in Claim 17 wherein said object name query comprises a
96-bit number derived from an identification tag.



16. The method as recited in Caim9 wherein said conputer network is the
Internet. 17. An object-nam ng network infrastructure, conprising: a
central object name server coupled to the Internet and consti bafi;ngoge first
hi erarchical |evel; and peripheral object nanme servers coupled to the
Internet, associated with correspond+Bg- object nmanufacturers and
constituting a second hierarchical |evel, said central object nane server
respondi ng to an object nane query, derived froma surface acoustic wave
identification tag having data encoded thereon by both pul se position and
phase position, received froma querying systemby directing said querying
system t o g2@rThe infhstmdtuenss refiteddn Clgharli7phietch sad geayingapeem somtei@s sni n sai d
secondobje@mame Rhdhelfol evglining i€ objB& naie SAldquRBinDEee] difkR]iRE SaidabjBctSer ver s
al t er Naihy glefy foRARIABREEISR dRkithg QRN ObjeM hd@iuePPloGid daAiFE dbjecBhdniCt i ng sai d
qgueryi gystemto query instead further peripheral object nane servers
constituting a third hierarchical level, wherein said querying systemis
associ at ed 't{ha.ta reader..lgu ?e infrastructure as rchied.%n aim 17
wher ei n_sai o o0} SRR TRIGRAIEGC d?r{-_g qimdd whergip pddress spages ok saidpetipberaly t h sai d
obj ect OpisFheame gervargof paid perend lictanshicah levelds eeairallnassiggrtn 17 wherein said

obj ect nane query conprises a 96-bit nunber derived froman identification
tag. 27 JuL2200® infradrup@re &recitedfin &3timudtwheecimgddressispamts phsafd firtherl 7 wher ei n
sai d qpe&iphendolsyd hane cantaiofi said thirddli¢rehicald oee] archdgiisdrbycailt arespogdivgi d

obj ect objedtBnantficirétsier yi ng systemdirecting said object name query to said
cache before directing said object nane query to said central object nane
server. 2 1. The infrastructure as recited in Caim17 wherein address
spaces of said peripheral object nane servers of said second hierarchical

| evel are centrally assigned. 22. The infrastructure as recited in Caim17
wher ei n address spaces of said further peripheral object nane servers of
said third hierarchical |evel are assigned by said corresponding object
manuf act ur ers.



