WO 03/ 065250 PCT/ US02/ 41524 OBJECT- NAM NG NETWORK | NFRASTRUCTURE FOR

| DENTI FI CATI ON TAGS AND METHOD OF OPERATI ON THEREOF 5 TECHNI CAL FI ELD OF
THE | NVENVDOBI0d3260 pr esent invention is directed, in gener &CT/usSo2/4150nput er
networ ks and, nore specifically, to an object- 10 nam ng conputer network
infrastructure for identification tags and a nethod of operating the sane
to identify objects wth which particular identification tags are

associ ated. BACKGROUND OF THE I NVENTION 15 Familiar to all are the various
bar codes and magnetic strips enployed by businesses to perform
identification functions and the various devices used to read them
Cenerally, 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 proximty 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 WD 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
choi ce because they are cheap. The applications for which bar codes and
magnetic 5 strips are useful is |imted, however, by the relatively snal
anount of data they can encode and by their inherent readability
limtations. One such readability limtation is the range at which they
can be read. Both are short range systens that require the reader to
contact or be very 10 close (a few centineters, at nost) to the bar code or

OBJECT-NAMING NETWORK INFRASTRUCTURE FOR IDENTIFICATION
TAGS AND METHOD OF OPERATION THEREOF

5 TECHNICAL FIELD OF THE INVENTION

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 identify objects

with which particular identification tags are associated.

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 wvarious 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



magnetic strip in order to decode data. They are also limted by the fact
that no obstruction can exi st between the reader and the bar code or
magnet i c WOrmf6200 t he reader to accurately decode data. PCmaSor/aeset ati on
of the 15 reader relative to the bar code or nmagnetic strip can al so

i npose 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 problens, each individual read operation
requi res 20 manual scanning by a humanjqperator if high read accuracy is
needed. The various limtations of bar codes and mmgnetic strips have

prevented thehtikse td aiMbfe k3888054 aBRIH cabionpafh@n mehki nedeadabl e
tags that need highly reliable and totally autonateéed readlng at read
ranges up B®Y 25cS8fer aPlfet FRINTHE r a8FB1PEequsiRy PHERERELFat itGiE

("RFID') tagehfirapatheh @ggeémgr brtyReiet hdephLti eati,on deviheg, Wen
interrogated, RFID tags reflect or retransmt a radio “frequency signal to
return an encodédei ¢@mliigatbiash Aarbethizth t barhecadrer pogatiranet igood
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bridge tolls ere an RFID tag 1s positioned on a tser's vehicle to
respond tosmahlianenrbgafi datsi ghay wwerendedyand|ky pdsses drdrengyt a WO
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connected to a conputer processes the tag identification nunber and uses
t he decodedsi hher mamidsn ato wharhethhy el heo rémd useBoth e@redigshaydrd. 5
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perforhfincelose (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 obstruction 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 strip can also
impose 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 requires
20 manual scanning by a human operator if high read accuracy
is needed. The various limitations of bar codes and
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 is positioned on a user’s vehicle to respond to

an interrogation signal when the vehicle passes through a



bet ween these two types; to such an extent, in fact, that they rarely
conpete with one another as to the appropriate 10 type of use. As a general
rul e, chiwotolages2sost nore but have a | arger data capacit ycorhesa/etsepl ess
tags. Chip tags, for exanple, are usually not avail able below a unit cost
of about one dollar each when ordered in a quantity of less than one
mllion; whereas many chipless tags are projected 15 to cost |ess than 20
cents each, even when ordered in quantities as snmall as one hundred

t housand. Most RFID tags will have a Lgnger reliable range than nagnetic
strips and bar codes. As a rule, RFID tags can be interrogated w thout

havi ng as gbgni Eb@@e&tkbﬁepefm%l ght _zzoréa&llﬁgi&@w&éoeoﬁheeksas t@s Al e
evi denced by bar codes and netic strips. Although chip gs do have a
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t he nost popular of the two types D tags chip tag consists of
four el enep¥edbE ca®diures: (1) a corrputer m crochip; (2) CII’CUItS for

converting radie-sbgnale Ea4e0ToA) eacdatasSLemaloy an bagict o ad

signals; (3) an antenna; an means provi di ng o the
chip ci rcu‘f—]@@?e Itrhaltov@@@gallRFlaD IBOCJCCPFP]plp a@@dt hiehé$e stt hawo Cﬂ@atrmtes are
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integration requires certain conpronm ses in tag perfornance
nunber of bétweertthyse Thostypeabintvi enchf an0OeB3L065250 PETLUSE41524 -4

features alpg,|pagsyd O Gfidal i SHALGHGILC UL (d Ghld &¥prd 09/-Q1, desi gn
nprom ses acco e bot 1 gl reque II’CUItry on a
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Conpensategaégra larger data capacity than chipless tags. Chip tags,

for example, are usually 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. In low cost RFID

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

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



5 by use of |low radio frequency (RF) operating frequencies that, in turn,
|l ead to rather | arge and expensive antennas. The nost daunting probl em
wi t h chi pwDag®ei2so t he need for DC power for the chip circwCTroso2/dises

conbi nati on of environnental issues coupled with severe constraints on 10
cost, size and weight usually require that the tag not have a battery or

ot her on-board power source. The only generally useable solutionis to
obtain DC power by converting RF power received fromthe tag reader signal
into DC power within the tag. Those skilled in the 15 pertinent art term
tags without a battery or other power source as "passive" tags, while

those thatccophall &1 chatdsly «f LhelnSOUERE AERA! ELABLLE 2pid) odags. The

paSS|ve met hod o providing DC power to a chi'p tag requires a nore
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magnetie mafbetlad;sz@ramdazvmgi’imnjse&ilyhn:aqulre that the tag not have

a Dbattery 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 sgkilled in the

15 pertinent art term tags without a battery or other power

source as “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 1s the severe restriction on the read range of the tag

because a signal that is sufficiently strong enough to

power the tag will only extend a short distance from 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 them from replacing

either bar codes or magnetic strips in any significant

mannexr.



filmcircuits to store data. A major advantage of chipless RFID tags is
their relatively | ow cost. The di sadvantages 5 of chipless tags include

t hat t heywearog/osa2sge |imted (several centineters at the moItySoamd2only
contain limted amounts of information. The severity of these problens has
prevent ed market acceptance of chipless tags in spite of their |ow cost
potential. 10 In the year 2000, the gl obal nmarket for conventional RFID

systens and services was in the order of 500 million US. dollars. This
mar ket was |argely for chip tags that _gtypically cost from about one doll ar
to tens of dollars each. Wiile chipless tags are not selling well, they

have 15 gener atech{sB&&st NREIBStafEoabanByNBehtalinPal &lRld@d-nuses because
of their | pw cost potential. A huge gap exists in the automatic
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per f or mi nge Rith Ri6hipi 400% stBie overal | amifot ddvhadms id9 dghi1askechni cal
solution to 20 fill that gap. The critical” characteristics of "any new
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bet ween t hgndag gk LiaG 318348 A1 - ¢ j ' ¥Qﬂ ' tag is
scratched, or cover eaL with di rot, orhgnéﬁée&vfoélgqg%geg} t leé"{osa%l%%ge,
etc.); (4)PEEYVGeblBarkal praAgptaDcef ot dhdadtessnetags t wo mpteespfand (5)

a tag dat a-apacidy oM ruadly; 00 bits. Such tags are of vital interest
to postal authorities, airlines and airports, mass transit authorities,
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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 £ill 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 vital interest to
postal authorities, airlines and airports, mass transgit

authorities, animal breeders, the 1livestock industry,



-6 delivery businesses, any business with significant supply chains,
particularly those that maintain inventory or handle fast noving consuner
goods, arwo009/06250 These are all applications where a higieCprisomdiseag i s
not 5 practicable, particularly where the tag is disposable or is going to
be sold with the product. The limtations and problens with prior art
identification systens has been the major factor limting their w despread
usage. Although prior art identification 10 systens are frequently

associ ated with conputers and conputeg_networks, there has been a very
limted demand for access to identification |nfornat|on provi ded by such

prior artgdeyeey- bh&ﬁ@@éés,tQﬁydbﬁgﬁhQ%‘é' %tﬁn%lﬁﬁﬂfcéﬁc%upp ly

identification information is limted by t l'imtathons 15 inherent in the
devi ces. \Whaihas Hewrt rseldadly n thesear fchaits BatRFRAab| el NERWHOAY call y

priced, smallghdenbisti ¢y %‘Pﬁ%n o rlg%%n #%acﬁé‘a o bg, egpodedaubstanti al

|dent|f|cat|on data that c uate range and that can be
used in a aélleﬁ@pdﬁC@ﬁvpnsnneﬂkﬁﬁandafohlahvamn¥Qﬁdﬁ R@gappki catdtons. As

wi |l begdi ei l§§9ﬁ re e have
been recen %582%@2 g%edﬂaan vm#%i%oon G%Qg§h|?§bﬁé é#%%§%§$%%ﬁ¥%qﬁ%atlon
tags can ¢geirgcbdedewsthd subsh anlhé gprodentificati on data and can be read

at an adequat e £ange qf; u3a Ji a ¥aRi ety o .#5 enuifonngni s, and for a
ecause | n I]f

vari ety of appllcatlons suc i cation tags can be used to
identify widéngibbahttent ayatyma hesybbang@hﬂunbgproﬁaaﬂqnuﬂxmlummysten1to

EFOVIde “‘gﬁéfreagdg%§§§adt£%§he dq& h (h‘ '%or'éﬁ(” éﬂé?hf%é% OSSIb|e
y such tags 1s essary She vo OF Mt on and data nade
possi ble byyshessnearedefitedueatiwn asﬂﬁmm&hagy malkgs tdmmputers and
computer networks, there has been a very limited demand for
access 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 the 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 applicatiomns.

Because such identification tags can be used 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 1is

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

Internet, as currently structured, of marginal usefulness



Internet, as currently structured, of marginal useful ness WO 03/ 065250

PCT/ US02/ 41524 -7 because of the slow speed at which the Internet can be
accessed wo isoc25@ pertinent information. Therefore what PSTRSederd24 n t he
art is an object- nam ng conputer network infrastructure for identification
5 tags and a nethod of operating the sanme. WO 03/ 065250 PCT/ US02/ 41524 -8
SUMVARY OF THE | NVENTI ON To address the above-di scussed deficiencies of the
prior art, the present invention provides an object-namng 5 network
infrastructure and a nethod of respondiing to queries for object nanes. In
one enbodi nent, the infrastructure includes: (1) a central object nane
server cgupbedct @ £RAPYHRK Niadd Kagnedihdebstihet Tngeanttr stan be

hi erarchi cal level and (2) peripheral qbject nanme servers 10 coupled to the
conput er REEREERCAHE EETEE BELRGIE S edGEP ™ Rt rchi cal | evel, the centra
obj ect name seryeh-ofeSPORENgI L0 RIERR] ech RaRE Aer ysr eaei detlettom a
querying systemby directing the querying systemto query,jpnstead one of
the peri phemandotsjamutfimn et stihrdfer $ecord ﬁ%rh?g?ﬁgﬁh?E%Fl?%vel, t he
one of ot e e LpheLAANRELNRER r38IRIhERIHE, T esponding Lo the query
wi th an object nanme or directing the querying systemto query instead
further peripheral object nane servers constituting a third hierarchical

| evel . 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 domai n nane
service, DNS (which



nmust deal wth arbitrary address space assignnents), the 25 present
invention is hierarchically distributed, dramatically decreasing the
traffic twetodtohesecentral object nane server is required tPeTHzRIIES24

| nst ead, peripheral object nane servers can receive queries directly from
guerying systens, provided the querying systens have cached 30 the address
of the appropriate peripheral object nane server. |In one enbodi nent of the
present invention, the object nanme query conprises a uni que code
associated with the WO 03/065250 PCT/ UgQ2/ 41524 -9 object nane. In an
enbodi ment to be illustrated and described, the object nanme query

conprises a 96-bit nunber 6M%XE9 6f0fﬁ§nlﬁg§ﬁ@tékcatlon tag. In a related
e

but i ndependent enbodi nent, obj ect name query conprises 5 information
derived fron1a surface acoustic wave identification tag. Those skilled in

the art wil| ?T% i, %L?éo . @{1%6 Ay s%ru%\é'e%esdé?‘f?%fgﬁgiggso?ddd’l’?egs

space. |In one e e prese Invent| quérylng system
cont ai ns aprmbreartnahhecarheeﬁbr1n1®nt:mmf@1wvmﬁ¢ﬁeamb@bmectwn&mrm$e

querylng S%%Ewor Ire%%%Qgtrugtggée é?ﬂe Ceﬂ%ﬁ%&dtoo%herg Eal %Ore unl i ke

di recting nane query to objéect ser

DNS, even paeriak addressdgecan assiest. t he Iquero,neng erﬂg@imu,n & di ng

queries to,t ntr objec ({2 server, hlerarchles I n one
t A

I
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10 coupled to the computer network and constituting a second
hierarchical level, the central object name gerver
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 query with an object name
or directing the querying 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 associated 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 1is required 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
server.

In one embodiment of the present invention, the object

name query comprises a unique code associated with the



that it manufactures. In one enbodi nent of the present invention, address
spaces of the peripheral object nane servers of the second hierarchical

| evel arewoeawszb0y assi gned. This keeps the 25 overal |l agsirgrsommts2of
address space orderly and intact, and therefore allows cached forner
queries to guide the direction of future queries so as to avoid higher
server hierarchies as possible. In one enbodi nent of the present

i nvention, address 30 spaces of the further peripheral object nanme servers
of the third hierarchical level are agsigned by corresponding object
manuf acturers. Thus, Boeing may assign a peripheral object nane server in

a third higpasen G@ind eVel 14,0 8achrB5aYR:A8/ 485258 POTY LSO24Ad§24na 10 its

di vi si ons reby relieving its second-level peripheral object name
server of @ﬁ@@éébﬁdaftfh% olp e @l N G SIEA tC BIL R iHEe Hrae P lith verdesh, t he

querying Systepehs f@%’ﬁpcéﬁ‘t Gl 12 g:"’l%rf e@Qggs Dyp i g rél&@édc%!{tse of

its operation, the tag reader may read nmany t and, as part of its
oper at i on, 1n@@p@n¢19nbbjeé@pdnm@§, tze gbiercth rtmeqvagg \PSITHRY It

'””aStéUCinSrﬂ%T{%‘r?] [ HBSEa | nyeBhion, CLygupse, Lhosepkilledd n the

pertinent art t hat queryli ng systens may ependent
of tag reatidestofipayidve pagt oThQﬁﬁﬁkllﬂs@fhlmsthel rinevidnbodianeme of t he

t t killed
Phe pert 1 HERE! 8l BE. COATULGYLBEL 10T Krbdidlioug NMAEPESs PR2E, 2K Lt vor k.
can forma suitabl eoren Vv ieminaTEmtend t leifn Wh:echpraeenﬁ: nf:’_rrasanttmru,r e tdfe t he
present i nygati N My, 8PERAt fontld o0 4P NG fias: OuhLined . Lathers br oadly,

preferred
10 containing the object name, the querying system directing
the object name query to the cache before directing the
object name query to the central object name server.
Unlike DNS, even partial addresses can assigt the gquerying
systems in avoiding queries to the central object name
15 server or lower hierarchies.

In one embodiment of the present invention, at least
some 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
gspaces 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 so as to avoid higher server
hierarchies as 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
object manufacturers. Thus, Boeing may assign a peripheral

object name server in a third hierarchical level to each of



and alternative features of the present invention so that those skilled in
the art nmay better understand the detailed 20 description of the invention
t hat fol Iwao3/0éstdé ti onal features of the invention will [PeTdSszuished
hereinafter ‘that formthe subject of the clains of the invention. Those
skilled in the art should appreciate that they can readily use the

di scl osed conception and specific 25 enbodi nent as a basis for designing or
nodi fying other structures for carrying out the sane purposes of the
present invention. Those skilled in thejart should also realize that such
equi val ent constructions do not depart” fromthe spirit and scope of the

oventon 40k SaRiQaseat L aum, Y0.03165050 POTLUSIAL 4152400 dd BR

conpl e erstandi ng of the
pr esent |péemphema1rebgeencaams BemwﬁadeftexpheSfbraﬁﬁﬂﬁg 5 descriptions

taken in conjunction wth.th mgnyi S, RLGURE 1
illustrates a bﬁBlck B?ag?% oJfm OI(#; e??g 5’5]1% g&%@%ﬂgn %) ?%}él\?iﬁlgm n%}%]JetV\or Kk
i nf rast r uchueeydors tasttesd din amata&tteww.hhat hegpme@ei@tr i nVRutie®; 10
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exanpl e oftdggleH_P%M:ﬁamMIui ﬁunuognﬁaﬁiqmwlidqnﬁnﬁy cbieate 3¢mmsmhere
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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 use 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 skilled in the art should also
realize that such equivalent constructions do not depart
from the spirit and scope of the invention in its broadest

30 form.



positions with significant overlap; 20 FIGURE 6 illustrates the details of
one enbodi nent of pulses with a five-fold increase in the nunber of states
t hat has wolosmbi26@ det ecti on margin; FIGUREsS 7A and 7B i | lpagtusaz/eisehe real
and imaginary parts of overlapping pulses with an added phase shift of 25
+90; FIGURE 8 illustrates an enbodi nent where a phase increnent other than
90 is used with substantially inproved discrimnation between the correct
state and the neighboring states where the allowabl e pul se spacings are 30
Tmn/5 and a 78.5 phase difference betyeen adjacent allowed states is
used; FIGURE 9 illustrates an enbodi rrent of a mnimum pul se spacing rule

that all ows using MP&K ﬁ%‘g \gg. N&el/ US02/ 41524 - 12
FIGURE 10 illustrates a}ﬁ{ | e %OWI ng t e Zg%{ poss?ﬁﬁ states that exist
when three reflectors are used in a group of 21 slots having a skip factor

of four; FIGQURE llllustratesat bl e h stat e for AW RFI D
tag with 10 sl ofST tfo 19 eEPBPES gnd 85%12%1%¥ plogéceﬁents %‘? 12

il ustrat esn¥ehahlon shomﬁug:amm subs groop ofmadst attes fuloen af SAVWRELD t ag

in oW hebleclun e e, 20080 BIOIP R A lattongl

two sub- gr eupsvigig oy whiehr:ef | ector of each specific phase per group;

and, FLOE 13 | HLashinleon, Lot shart teserind one oFIOGIBHICOL 2,

the presentfi R¥edbiEtt-naming network infrastructure constructed in
accordance with the present invention;

10 FIGURE 2 illustrates 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 positions 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  +90°;

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 a minimum pulse

spacing rule that allows using MPGK along with PTSK;



WO 03/ 065250 PCT/ USO02/ 41524 -13 DETAI LED DESCRI PTION Referring initially
to FIGURE 1, illustrated is a block diagram of one enbodi nent of an

obj ect - nawprng/oeesswork 5 infrastructure 100 constructed i mCaasor/dsace with
the present invention. Coupled to a conputer network 110 is a central

obj ect name server 120 that constitutes a first hierarchical |evel 130 of
t he 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 coupl ed to4.he computer network 110. Further
peri pheral object nanme servers 160 constituting a third hierarchical |evel
170 are al so osseoRRIEH WIERteateUpl edble ER6wieE WK 25l pokl il & he
illustrated enbodiment, the central object name server 120 responds to an
obj ect narfiFYuRF y-Ras SEES VD FRERLaTglieRFLRGSsHEE rFaBOlmy® @iticd® i ng t he
queryi ng system sl180s tia¢Ned eRdsES §adi8Sr (OOt Shown) one of a number of
the peripheral_object nanme servers 140 in_the second 20 hierarchical |evel
150. The peri phet@¥RBb} kel haverakeserstabde shewenar Ebgosdatest fsiown) to
the quesy A8%av t Arap | el cpamggor er Y i t rying
system 180 to.insteadiﬁﬁary EQSH%%ofﬂgﬁgah)@?ﬁt ?é?%ﬁgtéggrf% ergﬁe obj ect
name servet®SAHYL ¢ Hataemtdute a third 25 hierarchical |evel 170. The
gueryi ng syste i bl rat ed di j_| rycture
100 contai ns anm%%?%lg%hgggﬁtete%% tgg?gc%%?g%%?%n%n%o jgelrcoﬁlgﬁ. I n
this embodifRdrt® 00N tsh SAWRFER F§Ss ysittdmimy diefdecsoas oejregtronane query
185 to the309ache 180 helqys, dix eckipy fha uery to,Lhe, captal (obj ect

server 120.

10 increment between adjacent slots 190° with division into
two sub-groups and only one reflector of each specific
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.



The illustrated object-nam ng network infrastructure 100 is particularly
attuned to the provision of nanmes WO 03/ 065250 PCT/ US02/ 41524 - 14

associ at eaowB6s5280 st ruct ured address space. I n contrast t@®@CTiuse2prsesent - day
domai n name service (DNS) (which nmust deal wth arbitrary address space
assignnments) as enbodied in the Internet, the hierarchical distribution of
the present S invention dramatically decreases the anmount of traffic the
central object nanme server 120 is required to handle. |nstead, peripheral
obj ect name servers 140 can receive ggggies 185 directly from querying
systens 180, provided the querying syStens 180 have the address of the 10

appropriate peri pheral objectRgggﬁLaﬁLéﬁé%%gngaNan obj ect nanme cache 190.

I n one enbodi nent of the inve nane query 185 conprises
information derived froma surface acoustic wave (SAW identification tag.

As noted above, the 15 illustrated infrastructure 100 can be beneficially
used in connecREERTHILEE nHmel b} ect® a%t%@lq%t ed V\}f%u%tjé?ﬁfgt dred

address spageckSAYREEant bfi6aé i @ibdRigReras @ fPakt bbykat | Maniagfndtwhe
enpl oyed with the infrastructure 100 described herein for a.anb r of
reasons S baPiERBEFIFEHECauLB0t heOBBEHiGH Hatkd c o580 T6F sHLR™t ags® permits

a structurgdesaddr es5esRACE. AcBasteliptboa ebmSAY¢érdastwbiralionidags is
set forth in detail in U S Patent Application Serial No. 10/024, 624,
entitled "Seitaee ARBIRIE cnPBTe SEH¥RE 152 at PR $R8SHFUNGSEf ahted Dat a

Content And;Metheds afi opgrall o b A Nanf ashike: Theneed, "'ndywdiakt mann,
comonly assigned wth the invention and_incorporated herein by reference.
A descri pt iiofrestomntivdent199 cat iFeT iPhg HedadeP et or NPBRdi FRF VeSAN 140

identiﬁkﬁakkﬁgtgﬁgiihﬁ'S%t febhd nhedetaikknibal Sievel 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 of 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 servers 160 that constitute a third

25 hierarchical level 170.

The querying 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
gerver 120.

The illustrated object-naming network infrastructure

100 is particularly attuned to the provision of names



Pat ent Application Serial No. 10/066, 249, entitled "Reader 30 For a High
I nformation Capacity Saw ldentification Tag and Method of Use Thereof," by
Har t mann, womamei2by assi gned with the invention and i ncor peratSezi4tses ei n by

reference. Those of ordinary skill in the pertinent art wll recognize
t hat, WO 03/065250 PCT/ US02/ 41524 -15 notw thstandi ng the benefici al
aspects of enploying the illustrated infrastructure 100 with SAW

identification tags, the present invention nay be usefully enployed with
ot her object-nam ng or identification systens, whether now 5 known or
subsequent |y devel oped, and still be w i n the intended scope of the

present i nventl on,. o Agvide, 3, Betier understanding ofrf hedllLust cat ed
i nfrastructire ST onsi dér abusifiess system wher e eac 5’bj ect Wthin
t he syst emttias mredatgntddy chinedm dewiec esersuicle AON&S dwBAWh desti fieeadt i on

tag) coupl ed. t.0 or, associ at with it that .has a.unique identification
code or nu 1e$I.1 %ﬁgﬂtr?ld%n?lsglrggﬁ (‘)Slli)accgdeasosrl%nlﬂnr%létrsr}n%/gb% ucrjﬁti(l:]lej%1 ghl y
wi t hi n t he thel Bwanindiysivies hisystrethiarall dimey ibeitdloabalfl yhenpgeeent t he

identification device, used .is SAW i dentification tag or_.at.he
dont i 115 at PO A T R ST Aar & T I it EYREALCWEPE be
di scussed hesetirgl SAYWSedenthdhe atsedvert ag2devisceseqangtducicedhbndaecor dance

with the inmye tio descrj bedlby Harémann can _have egg%tjed thereonv\%l obal | y
uni que i demtT17 ¢l CRChURBEFEL 19PIFSE  Pee G8F4SEEpadit y°P0 SFCSA
identificatdqurieagsiss duitcelgnttnpnd angactimgpesyatemseveoal paolfdeant
fields of information, to be encoded, = which fields can.include,_ f

example, a ¥Hel CIEGRCHA nGYSFARGT mifPon BGut o 1 APHARRf ackur 8PS an

i ndustryo  igeitddd idd Pedigdahalaneida el eetverr flisel dn an ebjeet 25
identifi Catrila(?rrl?e numer fgoe.l d, and so on.

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

15 illustrated 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
set 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,



Turning to FIGURE 2, illustrated is an enbodi nent of a SAWidentification
tag 200 that can be beneficially enployed with the present invention. On
one end oWoa3oeubstrate 210 of the SAWtag 200 is a transaararso22624 hat, 30
in response to an interrogation signal froma SAW identification tag
reader, generates a signal having a known frequency and anplitude. This
signal travels as a surface acoustic wave (SAW down the substrate 210. On
t he WD 03/ 065250 PCT/ US02/ 41524 -16 substrate are one or nore groups 230
of slots 240 that are |ocated and arr gged by both pul se position and
phase position. Al so |ocated on the S trate 210 are a nunber

of

encodi ng refl ec Q to refl i on,_of the 5 I k to
the transdiO&"* %%§%§§%éqaﬂqﬂ%t ?8% #hé?%) é%dongeHEPﬁkeggrgggge
arranged by 1bakk rpttlesie :Lﬁﬁﬁaétﬁﬁlc’atmﬂe ptna:ste pasiht | 8AWI niddaet 5 otat RO so
t hat the reflect d return S| wi || have encoded -t herei Iy
uni que sig k&ags 'Tﬁ$§ E&Fﬁ?ﬁ‘m%ﬁ%ﬁnq¥?qtﬂﬁ¥ ﬁﬁ ¥ By f§¥®99w1€@

i denti fi cabicbert apjeetdeamang dec@deﬂttﬁlcaeyeal s{rheegs pbtahétyhemllqme

i dentification nunber assigne to that SAWidentification tag 200. For a
det ai | ed %@?@ [ﬁqcﬁpbﬁeqééﬂéiﬁué%Yéihﬁ ea?ﬂ$e§ 6?3 %ﬁﬁ%ﬁf%@%tion
Lags ﬁoo %%thﬂ%d&@@?@er?Fetﬁecgﬁeééhenhnv%ﬁta@nl|cat|on To under st and
ow t he arrangenent of reflectors 220 _result turn nal, with
sufficient dataTCoRERdde 2 RptSEH IYPAfH e ﬁ%ﬂﬁn§% ﬁh 1i%$5¥%?“%0
consi der  relrewant-uitghal 1mdulca>trtszraie&etahqﬁﬁs1rtéts§qw&rem Olted r Ub S€h 20

position nodul ation (PPM_ a data stream can be cq dividing it into
separate s&W F@thPGgénkgg?es¥?§ﬁWt &8 aEUP§€n|§f&§6519§ ??Xh§ﬁ1{gu

i nfor maki o cankawnedehRidication tag) coupled to or associated with
it that has a unique identification code or number. Such
identification code or number may be unique only within the
relevant business system or it may be globally unique 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 thereon globally
unique identification numbers. In fact, the data capacity

20 of SAW identification tags is sufficiently large to permit
several 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 so 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 is 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 signal travels as a

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



sanpl e. Changing the tine position of that single pulse over a
predeterm ned span of tinme serves to transmt the 25 information in that
sanpl e. SvogB®6m ses i n subsequent tinme spans are sim | &CTUSOYeF24 0
transmt information in subsequent sanple values. Turning now to FI GURE 3,
illustrated is an exanple of digital PPM show ng four pulse positions of a
time span 30 where data can be transmtted using conventional PPM In this
case, the sanple to be transmtted is digital and has one of four possible
val ues. Shown are four possible wavefornms which consist of nomnally

i dentical single pulse WO 03/065250 PCI? US02/ 41524 - 17 wavefor ms whose

time positions can be centered in one of f t) | ocat | r se

posi ti ons. S¥REEKPRPNEREL PRE ogpﬁeFﬁgg¥%ﬂ%?rg%65%#3%%%t%3%%§q%3%ffﬁ%%s to
ensur e that ocskiAt Sadd OBriengRidor byg behs eppdset imsksi tairen essdntpleddy 5 zero
at the peak of any selected pulse is Tmin. coyr se pul se spaci ng w der
than Tmin 88ﬁ15éoﬂsedA\?oiSPhg1ﬂca§fefie&q e tsﬂrg%a} %1% ad%‘?maddﬁﬁﬁ%e]g PPM

si gnal, howeveheolfinBUk8€3echOSkt hODStAr £ BPAEEIa NPOEL LoASEE YrhdadnWmi n, it
becomes nore difficult to unanbi guouysly distinguish %gg pulse.lq%gosition
fromit$ nElgRBér .PABF n§Ca teadErr§8ERpI 4he *SPPM WaVEFSr i s Fach of
the four pesgihl eeﬁéa&iﬂ%jl Sfef POStETHNS AN agelaerfddgblyhebbah ggsil ©me
results in the denodulation of conventjonal PPM It is readil ar ent

to those oPogiEiREr prskiRhass ReRl Fievint CRet SLREE € B9 gté}?ydﬂ &ion

process mustrhecswrchrerized wibRg1ongi ol anadEMhehrcefedyneheedizata on
met hods known in the art. The four possible pul se positions represent two

bi nary bi 830bpldat aunAJ¥EhbsE4ERAL - gr ol dT S| 4984 t FBnstRYR cupi ed
by a sijngl geRulseqcay LeBARSEAEnaNraddiibANghgt Weader and decoded to

reveal the globally unique identification number assigned
to that SAW identification tag 200. For a detailed
description 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 wunique number, it 1s 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 values where a single
pulse is used to transmit information contained in a
sample. 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
subsequent 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. In
this case, the sample to be transmitted is digital and has
one of four possible wvalues. Shown are four possible

waveforms which consist of nominally identical single pulse



20 binary bits of data. As many sequential groups of four pulse positions
as necessary can be used to represent a desired data word contai ni ng nmany
bits of iwbDmsswet2son. PPM nodul ation is a favored nodul at i @eaTrsohiod24 or t ags
based on SAW devi ces, because (1) a single pulse can be 25 readily created
and programred by a SAWreflector placed on the SAWsubstrate, (2) the
various pulse tinme positions directly relate to the spatial place of

possi ble SAW reflectors, (3) the nunber of data bits is greater than the
nunber of signal pul ses which reduces_jag insertion |oss 30 and (4) the
nunber of SAWreflectors remains constant for all possible tags

| dent i1 caphoarauberAcuhl e rleasts {0 ol asanal Y cbavel 8ss sbags M dh
uni form pul se anplitudes for any tag i1dentification. wever, *he 'use of
PPM f or SATPPWD 03665288t POTEUSO2p1524 posigivags alBwe haisiinum t@itmeons

i ncl udi ng: ; nsi ' i i.ncreases the chi ize (and
hence cost ?ﬁ)&%iﬁ)gwr%ghlqg\%%dzﬁk%g%%% 13(“3&%(%\r,r\litiyglone& 1\%{%%6'%? atical n%(afcrmm
si zes f orsBivEshifponrc reat @sbemni ug peullsien gowit 1dres nambereferdi sl 15/ f or

practi cal ; | t4 -bounce refl.ections. bgtween e various

refl ect%r s£?%8aa‘gg%?€(5ﬁmrﬁja§fcraé§t g’e‘iﬁﬁ\%gﬁlt Bd-pul %55%3711\& c%ﬁ TS Fere with

| at er portpohsecépadtireg REMoultdert Maiim cbhn BéGURE] 3yi bt reefifeseinis a sl ot

defining a_{i .10 |l ength centered o y of the possible puls osi tions.

A group i%ﬁ?g%k?%%le?%et b@eﬁog%f‘?%%t?o ﬁgfs%'j‘aa]c'eﬁfo"%ef"b?%’. l%tﬁ%@ﬁpﬁ% one

group of fposisiohs wirth devedstadbes thakelyeprresentmind hitnasarddata bits.
re 256 possible states (or 15

1 four orgups ol fepnael 9s srsused tiore e 2es poreifle siaes (or 1
states10 Thbsstoiorspoodsite Bebphboef daltdng 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 various pulse time positions
directly relate 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



(or four times nore data than a single group). These 256 states (8 bits of
data) occupy a total of 16 slots. If these 16 slots are conbined into a

si ngl e grwop3aets®0 conventional PPM nethod is used, one parasomeskd occupy
one of the 16 slots. The available 16 states (4 bits of data) is
significantly smaller than the 256 states that would result fromusing the
sane 16 slots in four separate groups wth four slots each. 25 If
conventional PPM concepts are set aside and nultiple pulses are allowed in
a single group, the nunber of states _ilss_si gnificantly increased. For
exanple, if four pulses are allowed in a group of 16 slots, 1,820 states
exi st, whi { gni {1 gant h S ai
usi ng the Cn%%éc%%f\%n %gngﬁéﬂ%}?’%%’){?n%oﬁﬁdn%ﬁg' gg f%%‘rvle aotés d(e\%n vvoul d
occupy t he Bankow6 wksﬂqit S-)D.CIié@ISleﬁethel t:hepghtzgul(ale@ leareceisebti)n t(h!é group

PCT/ US02/ 41 rovemen n fihé pu Sses in
a group offd® SZLW)tcsha_cp@ cartéaj.vml aIBEqpm §tiamie13 ca‘retl-m)smrr’me& ofhibdh s
correspan ds L& blts of dat red to_the_ei ht hits of
data if convée]%t)tl éJF%fr;;f < Hi5ed 4 H‘ffith “HRABEE ofé& é? OB e

pul ses are kaéttmmd ithea ”\&Elild‘llg:lLEB greflbectcbrsl smod pPUpeIAR otd@semdaeet he

m)dulationfor nor e suitable nane.for _this nethod is ltiple

pul se per gr oggt?(%y?tﬁfsﬁ/&ﬁ?@ V\ﬁ%?el?g??ﬁ@r?swtl%gl é&ﬁ?&apgﬁt:l&nsl@%u

nodul at i on.tHaepeM gpel sevieradn i nportant possible variants of MPGK This
0_be, transmtted into

nmethod is defin partiti,oning a data stream

one or nore sepa %t%Iéé%f% g A e &SRS n%f% tfAghiBhed (p. &im

mul tiplle) M[Mds@sht@entered on any of the possible pulse positions. A
group 1s 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
slots are wused there are 256 possible states (or

15 combinations) as given by 4 states X 4 states 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. If
these 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)
is significantly smaller than the 256 states that would
result from using the same 16 slots in four separate groups
with four sglots each.

25 If conventional PPM concepts are set aside and
multiple pulses are allowed in a single group, the number
of states is 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 pulses are used in the group of

16 slots, 12,870 states are available, which is an even



transmt a given sanple value; (3) transmtting the nore 15 than one pul ses
in a span of tinme that is divided into time slots which are nomnally but
not neceswearmloys2adj acent; (4) the collection of the tinePsTaiSe2/eBepri si ng
the span of tine constitute a group of slots; and (5) distributing the
mul ti pl e pul ses anong the group of slots in a predeterm ned 20 manner to
represent the information contained in the separate sanple value. G oups
can vary in the nunber of slots and/or in the nunber of occupied slots.

Al slots do not have to be identical_{4inequal slot w dths, pulse
anplitudes, etc. are allowed) nor do slots have to 25 necessarily be

adj acent toj n £nal g £9 cap- defi . dtoonly
has a fixed ﬁﬁgn%ﬁr%}?ggggﬁﬁﬁ{éd glfotégvgrrl,' gllggrgﬁa??vgﬁ%essbﬁﬁﬁ}e%ﬁlﬂalal ow for
a varying @ueBerobdf lecedptedagieotdlonedi nglbe 768t &tmtssagere @mestiblsc! ude

more than owﬁiéu{)@oﬁe%%@s(égrmgf@@%% & D1eager o dgtgetﬂcoégﬁaa%% tege of

group, the actual data a second type group, and an err

det ect i on/ cohe eeivloh hbkd of ghatdelf ofonvarttyehaly M wisd wied Hesé&heari ant s
have pargi cylar Sﬂgg%gl ness in SAWRFID tags. WO 03/065250 PCT/ US02/ 41524
-20 Turning now t GURE 4, illustrated is an exanple an enbodi nent

showi ng pul se poSnceonslfipla moksentirenall lbved ist ateioghe taatolPMitin its
si npl est i epent af i e t.i use i.ngl e se per
group sim lrrg% to 53%%12%%&?0%%%@ %@%%%el(?rhsﬁf?%gaf ipgwa' cg‘rrpact
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and i f tbe mOddbaptoh at | Tmesanute ngpvesradonenairtarer aldsaiddllee vipgdlant s
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
slots or, alternatively, it might allow for a wvarying
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.



positions, three of the sanples will be essentially zero and the correct
sanple wll have an anplitude of unity. If sanpling during denodulation is
not propewbyw3syizshroni zed to the peak positions, then thecargsor/4sde for
the "correct 15 pulse" location will start decreasing while the anplitude
at a neighboring location will becone |arger than zero. However, the
signal can still be correctly denodulated. If noise was also present in
the system then the probability of incorrect denodul ation will be

i ncreased due to this 20 timng error. wever, if the timng error is
smal |, the degradation is negligible.“tn principle, if the signal to

noise ratio is sufficiently, s he signa tyll_be ul ly
denodul ated as &8ﬁ818§ t'HE F?gﬁ%gu%%rgf %gfu%%£%@§§a%éT%$ﬁ;§_i§§ %ﬁ%
abllity tﬁembede&shulbyodﬁﬁgipgmsshpbeimbenstﬂ@r Ppossidet pos t i onse of a
singl e pul se even, when .t ul ses re partially.overl apped.can used to
i ncrease tﬁéagﬁtéh' 'P@mgt tﬁﬁléﬁﬁ%ngémB#ei%gﬁEP Fgeﬁgﬁgéogétﬁgbe

sle|nSI tio?/i tmolciﬁmbsibncmeaﬁed: nusdata dengleypussacheevedoly SOnioss ngp t he

al l owabl e pul se pgsitions closer together i,n er that the skirt of
one all émSPQVﬁH}g%QthJsiPtp%n \Aﬁl? e%%‘?&ﬁpl\ﬂi ta%c{{ﬁ‘gg]p%a%g & pwpact

nei ghbor i ngepuksenpasibhoss. tWO 831665858 PAT44S03¢#16@ds 121a Tyrawmg now

to FIGURE 5, illustrated in, I f | | bl l it ith
i gni 11 cantr§PerPE. SHPES ' Hovllbie Sk "BFatiFig. NER= RSP AT T 0 one

unit as cemparfd duwadike duiNge Uuptir phewsionskl GURE AprMl Bnlhi oz cage, the
slot width is equal_to Tm n/5 and thus pptenhﬁallg represents_a five-fold
i ncrease | TGRS nARbERS Jf° sEXPBEMIFRPE kR hébiforITAdr e£ihgt fat @ Yensity

is ranglygqesednecadse abmbhengbvigusgpgduchtonchd tdElowable peak
positions, three of the samples will be essentially zero
and the correct sample will have an amplitude of unity. I£
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. If
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. 1In principle, if the signal to
noise ratio is 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
possible 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.
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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 pulses
shown in FIGURE 6, it would be necessary to sample the
received signal at the peak locations of all possible pulse
positions (i.e., at all integer locations on the horizontal
axis 1n FIGURE 6). As 1is evident from FIGURE 6,
discrimination is particularly poor with respect to the
adjacent pulse pogitions, but this discrimination increases
for next adjacent pulse, third adjacent pulse, etc. The
present invention provides 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
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 equals zero)
will have 0°, the pulse at t = 1 will have +90°, the pulse
at t = 2 will have +180°, the pulse at t = 3 will have
+270°, the pulse at t = 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 +90°. Because phase multiples of 90°

ge of



particular 90 case. For exanple, a stepping angle could vary by nore than
20 wi thout any significant degradation. To denodul ate the signal in FI GURE
7A, it wombdsles2shecessary for the SAWi dentification tagPceaber/4tse4 sanpl e
10 the real part of the received signal at the peak |ocations (t =0, 1,

2, etc.) as well as shifting the phase of the sanpling 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 |ocations. 15 Turning now to
FIGURE 8, illustrated is an enbodi nent__where a phase increnent other than
90 is used with substantially inpr ovet di scri minati on between the correct

state and the nei ghbori states, where th l. ] bl ul s i are
Tnin/5 and®4%78°§ Hﬁ‘setqg?f?gi%ﬁtéjéaggsmggﬁoébmgé\?acg&% ﬁf%m@%ﬁg%%[qzs i's
used. In FpQURESS (a,plrases, i @ce enenavet healt bart80 enms lchoserert@ and ustrat e
the substantially i njgrrngved di Siﬁés' m nation .between_ the correct (state and
t he nei ghb&PPng &t BETPGFed WHESPar 12YY Mo nesd A3t a8, SBV8n nore

i mport ant, zEk6URE 8 mildéstoaaigs af Zhalreaamatdled mumovenameds maampased to
the identical allowed pulse spacin i t hout phase shifts was, . .

i |l ustrat e&’glggrl?%ﬁl i G@ﬁl’éag ?ﬁevgc%é}eesr 0 eﬁffe@ﬁﬁén@eangﬁﬁl&ﬁss 7 and
8 have thepb@@@bh%él}: @I@ﬁr@é{isgaterirV%xbmbdei,r’r]lar(s\tﬁmﬁmgialn;g]fmbcﬂml nfbdalr of
states as conpared to the nore 30 conventional PPM wit 0 e pul se
spaci ng of VRHWnPY Ba¥e Wrdhotd Ot Wé%glﬁ’algeagﬁi ?:‘r%n%g;r@ﬁg ‘g??r%\%aetjo%ﬁ?emi on
m ni num margi Ngdeso@RL ¥t 8. 0fHe Wi gnali tih t Fequrase 73h)i f i  ¢E&ELEURBSe 7&8) ,

the detection nmargin to adjacent states is WO 03/065250. PCT/USQ2/ 41524 -23
now 0. 81 WHEERSPELVelPTsithia &AW o doit ot drftd JreA PPMC v B has a

detect h@n FREJi-Ba3PPRLRCBIENGhENKEY¥eived 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 used with
substantially improved discrimination between the correct
state and the neighboring states where the allowable pulse
spacings are Tmin/5 and a 78.5° phase difference between

20 adjacent allowed states is used. In FIGURE 8 a phase
increment other than 90° was chosen to illustrate the
substantially improved discrimination between the correct
state and the neighboring states for a wide wvariety 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



I n anot her enbodi nent, pul se nodul ati on can be characterized by

si mul taneously shifting both the phase and 5 the tine |ocation of a pul se
conmmuni cawpDan/oei2gmal i n a known manner. This enbodi ment wpPClr/use2/sacef ort h
desi gnated as sinultaneous phase and tine shift keying (PTSK) where keying
is the equivalent of nodul ation. Wiile the discussion herein only
considered uniformy spaced tine 10 shifts and uniformy spaced phase
shifts, those of ordinary skill in the pertinent art will understand that
non-uni form spacing of either the tlng or phase shifts (or both) can be
done In this enbodinent a streamof d %a (1) is 15 partitioning into one
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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) 1is

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 unique

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 value. 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



-24 be of a third type). Al of these variants have particul ar useful ness
in SAWRFID tags and are all within the intended scope of the present

i nvent i orwOA3peizhl ned nul ti - pul se group keying and si nul t egass2/462phase
and tinme shift keying (MPG PTSK) can also be inplenmented. In MP&K nultiple
pul ses were used in one group but Tm n separated the pulse positions. In
PTSK only one pul se per group (like conventional PPM was used, but the
al | owabl e pul se positions were allowed to be 10 significantly smaller than
Tm n. Conbining the two types requirg% attention to certain subtle
details. In the MPGK case, two adjace T slots can both be occupi ed

because, as descri bed, above, t ski.rt, of one_ pul | rl.ap the
peak of aﬁ?edﬁfdﬁﬂgFFﬁb%ﬁﬁﬁges ?ﬁ%eoga%%egg %?Pigég&%%gﬁﬁggﬁgﬁxgﬁbﬁas
shown in FLEYRE] 3kssHomeyaw ,RETD thalys adidaeent adl eibkithycneiightsrdetdy sl ots

were allowed to b i mul tanepusly occupi ed when using strongly overl appi ng
pul ses (asSFﬂpPI@%REES)Prﬁﬁﬁnﬁofﬁﬁ?PE?OEOr strong inter- synbol

i nterference wopnl dogwhskdbatumeenpplksesrang Geitith? Girdessdnuliversamst t ot al
cancel | ati on between the two ere si gni fi t e _shift between

pul ses Ps EP@§§ntaP§:gFlm?H(%£%ét7 ﬁﬁlg?. fﬁgg/ﬁgggifﬁglia %ﬁfgg%nce
must be a@ﬂ%@éﬁéﬂtéfﬂ.theINPﬁﬁGKDdhﬁmi@lr‘e npuledsi svdre besedudaessial |y
conbined with the PTSK nethod. 25 A primary nethod for solvj th

i nt er f er en@EOPPOBRENTMER %%P?%%H§%tﬁﬁhﬁgﬁﬁ%hpﬁﬁﬁgéo§ﬁaci 9 éﬂ%@‘ﬂﬁ%% usi ng
MPGK  al ongnwi 11 BESKerOr-agnanaidey dessiddt idilsa impM)hataswhiderd, tiher

al | owabl e pul se positions can_have tine separations ﬁihgnific ntly smaller

than Tnin, the a Speiahle wabels? m 2RF150FR Tl wed; n Cudetf i n t hat
wavef of ;1 MUSERRlEWRYS £ 1Ha\Eh-3 1BNILHAR SRAGI NG @nesieing hade Tdd. 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 conventional PPM as shown 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-
symbol interference would exist between pulses and could

20 result in almost total cancellation between the two where
a significant phase shift between pulses is present (e.g.,
FIGUREs 7 and 8). This potential interference must be
addressed if the MPGK modulation method is to be
successfully 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 separations
significantly smaller than Tmin, in a specific waveform any

30 two actual pulses 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



Turning to FIGURE 9, illustrated is an enbodi nent of a m ni num pul se
spacing rule that allows using MPGK WO 03/ 065250 PCT/ US02/ 41524 -25

t oget her wDtoB/0%R2SK. I n this exanple, one pulse in the wavrefrasnyis2sel ected
to occur at t=0 and, by the m ninum pulse spacing rule, the next pulse is
excluded from positionst =1, 2, 3, and 4, but is allowed to occur at 5
positions t =5, 6, 7, etc. (Note: the PTSK phase shifts between pul se

sl ots have been omitted for clarity.) Note that at |east four pulse slots
had to be skipped between selected pul,ses where Tnin is equal to five
slots. In a nore general case, if a slot wdth equals Tmn/N then a 10

skip factor o deliRehidial Wl cipiabdinbLargsl pskie fagtens can be
used and cou e beneficlial In certaln case Ff'or exaﬁp e |n_operat| ng
envi r onnentwawe idrmst ivngeloatsiddéc weeufrerrdnde)0 | aBbneltiat he nulihamuski p

factors co I nefjcial .in o but. it IS 15
assuring aq%?ﬁ$%u%¥§%§€%ﬁg§gg%al FgQTnégﬁaﬁﬁ?Eﬁ? eﬁf;ng?ﬁ%%%gés%gghoice in
nost ci r curmtsiniciesns Anothér Bet Bod afndr 4solbuitngl & hel povedt tal oceower &&rence

pr obl em of ..ad] acent _slots bein CCURI thp R i N W th
MPCK i s aé%%gﬁﬁu¥ﬁ% %rth%goﬁélﬁky%%%?me@%ﬁ%b a f%é%ﬁgisﬁ%?gggggF%gfises i f
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FI GURE 6).

O 00 Ul 1 PRABE, FapR LEE-CRN L e 48 B0 ohiled BULASCL" | o
this case, sdleadsi npubssedwvsenesTate 25 teatalll yed nitepensieots of anl aeven
Bth, etc.  WEE CITTRERGREBRE" L Ho Shati HAGHE HRGE el BBl S HE &) oser
than Trdo. gkig hfscspectah e tdwofioned tratestill equal N-1. Larger

skip factors can be used and could be beneficial in certain

cases (for example in operating environments with strong

outside 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 circumstances.

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
is +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 27, 4%, 6%, 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 .



nei ghbor" case, a useful nmethod for analyzing the options 30 is to divide
the slots into two intertw ned sub-groups (I and Q. Then, if necessary,
the Tmi n womBmeszs&paci ng rule illustrated in FIGURE 9 i sPSEs0AiBsly
applied to each sub- group. WD 03/065250 PCT/ US02/ 41524 -26 This

enbodi ment of using PTSK conbined with MPGK is generally characterized by
a significant overlap between the pulses in neighboring slots. Variants of
this enbodi nent can be derived fromthe earlier descriptions of S PTSK and
MPGK. However, the conbination of PTSK gnd MPGK shoul d consider the need
for providing a nmeans to avoid the potential inter-synbol interference

effects that mayrfdSemp¥BeReHEl BE RIJISRS BTHK Lowsi SdQniftLabeRVEL! ap.
with neighboring slots. Since this nmethod conbines the 10 characteristics

of two enbodeRertkslyrebprsaskordeser e | $1gehhl appk opveataby beswesn ed

MPE PTSK (i¢ge. SOMdUHNed; frultd r i th siul ous p and
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a skip factor: ofplolly 14148, evidept rhat, g88 sfatgssare gp;aukfi ghent to
encode the rgéféﬁjétate tha]t corresponla ?o g Hes

10 characteristics of two embodiments previously 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

was described earlier in conjunction with FIGUREs 7 and 8.

The five-fold overlap between neighboring pulses required

a skip factor of four. It is evident that 286 states are

25 sufficient 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.



bits of data. This particular variant has a group size that is al nost
identical to the one described in FIGURE 4 wth the same nunber of data
bits. Howw0eB/063260 has two nmjor advantages in that it onlPgTuSey4t5ht ee SAW
reflectors 30 instead of four, and second, it is |ess susceptible to

common transm ssion distortion effects such as short-path nulti-path
signal transm ssion and other pulse snearing effects. WO 03/ 065250

PCT/ US02/ 41524 -27 Turning nowto FIGURE 11, illustrated is a table
showi ng the states for a SAWRFID tagth 10 slots, two reflectors and 36
possi bl e placenents. This table was taken froma situation where the SAW

RFI D tag had Toui 9,567 LR8I OFs REICUOURs 20, 51,68 8r0ekq Ofialbs andia ook p
as et

factor of three an e I ncrenent ween adj acent slots of plus or
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qui te S|n1|g§bé %PS %&Ey' gpo%é%%ﬂ e dTh MG 4 our @St peb1ahqns states

are divi ded two su oups of ten slots each. Each sub-group can
be treat edtakeha\fmgl @ skupucﬁ’am@nr wherenetheTh8AVaRFE Iyi vag hede Ut es

corr espendyag Lo a0 SUEN U 0r e, TP on) VoS ATSNE S B! L LA

exanple anﬁ usl I n-phasé reflectors (+l
& -1) can be ohrté ertcher pﬁﬁssanmCEmmﬁnbrbetwepposteC§ﬂgn§1OtﬁeC#hjor

savant 20 81.A0LE SXATELALLS shile W oR0up SE0R 0Pt LU 0L o
t he preV|0930&panpleThiheexdm@advaniagestefSmei%mamwleharenﬁmﬂnwﬂy wor se
spur oue, 20, SISO LIENCL I MU, SRIBL oPRp. Ll e laea
illustrateints awbablib-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 bitsg in the previous example. The
disadvantages of this example are possibly worse spurious
20 reflections than the previous example and the general
sengitivity 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
one reflector of each specific phase is used in each group.

Turning now to FIGURE 13, illustrated is a flow chart

describing one embodiment of a method of responding 1300 to



showi ng one sub-group of states froma SAWRFID tag wwth four reflectors
per group, 20 slots per group, a skip 25 factor of three, a phase increnent
bet ween ampagsmei2ssl ots 90 with division into two sub-growp3/snzi4sed y one
reflector of each specific phase per group. This table is fromthe

previ ous exanple 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 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 method of responding 1300 to WD 03/ 065250

PCT/USOZ/%%5%§:r-2§3$'QHe %'%gﬁ A0, 0b4 £CL - DBPBahBRe 2G4 @hd@Ree pWMekBnihe
pr esent ihvENhTion- T noné Lnbodi nent - of -t he met hod, an obj ect name query
conpri ses inwmigimn coda assoemdpddmaint hof hehebjielhod nawe . ciecst PRMSanot her

enbodi ment , t he net ho r di i S d, 9P denkVigRg «a+96- bi t
nunber froqﬁe% ?%@%Jf? |8?L’:a i(l)lnsjl%fa&g% to %raapnﬁostélel%%]&gc‘f’ name quegbg.e In yet
anot her endak nent , Thhestél hodanbthespoadbndim800,i s thgsemetdedderifvi ng

i nfor ion froma SAW identifi ion : fQrmt obj egt nane query.
10 1f the %ﬁﬁﬁﬁﬁ%&ﬁﬁp%¥b€hési%9%% ig% ?gg%gggﬁtgdgknggﬁlgﬁgé 13%'s based on
a uni que catle dard Meddtioon Aeditto foumbeheenbddet mama SMRWY ddmt ivleitcat i on
tag 200, it be a SAWtag 200 simlar t hat_ il t hn FEIGURE 2
Wi th tvvel%g@/%ﬂp% B30 él?%t“éewlooécgiee onndjtrﬁslsgu stq‘%altbgsle 210. |f
t he SAWt agn 288rhasnihrie¢orebitdachorfxrcabG | &%t ddenthfeéashignotpg23® (usi ng
a skip factor of fo%éjand a ﬁgase i ncrenment between adjacent slots ranging

from 75 t otQH®)the (pR}eCHRYLS p@U_THl e 286 states that will exist for each
group.1és descripedmandenbbiishent edini ther dsypvecttitom represented in

FIGURE 13 is based on a unique 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 states necessary to correspond to

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



20 FIGURE 10, these 286 states are clearly sufficient to encode the

requi red 256 states necessary to correspond to 8 bits of data. Thus, with
twel ve grwops/o&280 of slots 240, each group 230 encodi ng gChiuss2/eofs2dat a, a
96-bit nunber can easily be accommpdated on a SAWidentification tag 200.
25 This 96-bit nunber, as those skilled in the pertinent art wll

recogni ze, provides for a prodigi ous address space. A 96-bit address space
on a SAWidentification tag 200 can be divided into a nunber of fields
representing a variety of addressingschenes, all of which are within the
30 intended scope of the present invention. For exanple, a portion of the

address spac %ga?gua%% %ﬁ%ﬁgf%o Itsga?Hﬁéftﬁgéidé'fﬂ(E haVBgk®ess

i nf or mat i 6h-an can encoded, such as the date
of manuf a(ﬁpﬁcee WRI0 3e) GERED mr/qm ABrtionEy swdhams 2cOGHEEPMETt i ng

codes. QLherf4elds (n the address.:3RACH CAD e Hsad: 1r rolhigiodbuaet i ons,

such as a 0 provi e |nfornat|on on t he busi ness or
busi nessesuslisg nghe heagagrorseserisedoftdagmste ol derpi fy yobbpeess. HA 5 one

enbodi nt of the inhventiq Q t r oyides,fi@oqusi ng
addr es spoa’%% ?‘%POQ%‘H??& P?/ afélm gﬁ}\%gnrwlp?enr’l er a%gg le%f narme servers of
the secondohberaeshionl ustiageladdmesst |$};bacamof¢nercenbmdﬂﬁmfntassadmlé@s space

is used for furth [ heral obj ect pa QY f thir
hi er ar chi &&F*# ‘%T‘E@ napg gR6YEL” Bungglnt eés%él)gle oreryaét%é%l%tar al
authority 1&vessi gIhas?thrJEIsaarsquﬂma: teankso dhiuneeET, ca‘ddﬁaﬂa:tsm isustsesl centr al

any ot hey £Str STEY SySELRRERAl IUEPEt naTB0eritt P8 | Shvoe Sride
addr essg SpRCerQF el dal amkrem aqtherEha syethoghofty eat[mncﬂiam*g 4300 ifdwst r at ed
'n Fl GRE 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 query 1310 to an object name cache
1320 maintained by the object querying system. The object
20 name cache 1320 is queried first to see 1if information
about the identification tag and its object is in the cache
1320 before initially directing the query 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 guery 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 1is 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
responds to the query 1310 with such name. If the

peripheral object server 1340 does not have the name, the



13, provides for an object querying systeminitially directing an object
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the f] hi hi cal , | I
SERdBr k. SR HeThar RS b ch® Corbarel it wiie Todtd by e

th&ttbgnstdenteélchél&ﬁr@&g&nmmardmmmayuﬂaméﬁ(andxmstmade
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 alrcraft
manufacturing industry, a field encoded on the tag would so
indicate. The industry or customer would maintain a
peripheral object name server containing identification
information regarding objects to which the tag has Dbeen
attached or associated. This peripheral object name server
is 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
facilities, such as a number 1f part manufacturing
facilities and assembly plants, that assign identification
numbers to objects. Such facility or plant may also
maintain a further peripheral object name server that will
constitute a third hierarchical level.

Using the automobile business as an example, assume an
identification tag reader is used by a repair shop to
identify the globally unique number that is encoded on an

automobile part and the repair shop wants additional object



i ndustry or custonmer, such as the autonotive or aircraft 15 manufacturing
industry, a field encoded on the tag would so indicate. The industry or
cust oner wouwBdeirah ntain a peripheral object nane server ECEESOMIIIY
identification information regarding objects to which the tag has been
attached or associated. This peripheral object nane server 20 is al so
coupled to a conputer network (which nay be the Internet) and constitutes
a second hierarchical level. In sonme cases the industry or custoner nay
provide for additional object nam ng4gvels. For exanple, a |large

aut onobi | e manufacturer may have a nunber of different 25 facilities, such

as a n“”beidé{nti)fi&ag%flf acipfd g f@e] | i tdes andsassenbl y pdant sof hat
assign identifrcation nunbers to objects, Such facility or, plant may al so

mai nt ai n amamafhetumrl phebglingbj &&e napshegr v&on haesiandingondtiti e a
third hi erﬂ gé%téﬁ"fﬁ FRURE Y ta“%ué'ﬁ;%@@b' esbusipesscas mp taxanpl e,

assune an rcation tag reader i's used by a repair shop to |dent|fy
the gl obal rypamrqaéommmqr%n ¢@%¢Teo@'é@¢bm%nsya9?6ﬂob% PEXeSnd t he

repair gsho L4808 & 0932& éﬂ%l% \Pﬁo%% %S%QQIGPgéHgogéﬁd‘%t -i%l

i denti fPcation’in on e year of manufacture. Usmgthe
met hod f or gnespeddi ngid800 ¢ uﬁaeat edfin Enéormatidong gaeeyt 1314

[nstituted; by, L0g; Lepal SOOP {5100 alh OISRl AULLNg. syﬁée@baﬂt@c obj ect

5 queryi ng system mai n ai ns j ect nane cache 1320 that is dueried
first to seaerfihgf eysﬁ&mnnathoaﬂltfhdlred@ﬁt ithiec arjiesty tléd O-s iTf tHee cache

cache cont BRRBEnS THEaM Rt rant doaar bt 578 “ehe ™ 0 et ect aueryi ng.

syst enTLt)heﬁbﬂbbect@dﬂ}ar@eﬂ;ysﬂéﬂOthenadlrects 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 field” to direct the query 1310 to a peripheral

object name server 1340 maintained 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 query 1310 to instead

20 query 1310 a further peripheral object name server 1350

constituting a third hierarchical level that provides the
object name.

If 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 systems when tags are first

designated 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



central object nane server 1330 (such as the identification tag

manuf acturer), which is the first hierarchical |evel of the object-nam ng
i nfrastruwOws®es23ihe central object name server 1330 thenPa3asor/nfses mati on
provi ded by the tag's 15 "custoner field" to direct the query 1310 to a
peri pheral object nanme server 1340 nmuaintai ned by an aut onobile

manuf acturer. This constitutes the second hierarchical |evel which either
provi des a response to the query 1310 w th an object nanme or directs the
query 1310 to instead 20 query 1310 ajburther peripheral object nane server
1350 constituting a third hierarchical |evel that provides the object
name. If g | £C %%é'i? ' L0t ab psfohRidhe pbéestcnasel tache hhat is
first quer?aerg%eandl e ?#%ﬂespoﬁge()#sl 25 first directed to a pgri pher al
obj ect nanslnip senyednberaesing fievdier- obfBés whAHG der vEPRFREEEER of to
the central, oblect NaNE, Sehyelnddink JeRLBICH:iE 12 athdRirkigaRHdrbERr Ovenent
in effici en%%/ er prior ;art systens. This would be the case, for exanple,
i f "custonspadé ehdbignmeBOsawtuhureéqaltgs caehd NGy hg SpstePrs3when
tags are first .designat.ed-for e I a0 AP sty et ceustonmer .
The cache #af/Stalh&oerby cglslecgﬂt gegtégr'eb?(krl\ or e{dl.on frlor%rl previ ous queries. If
t he cache dascsibbdd dieardimataulasqiery MG U650 decHaasEd 219pat - 32 can
be directed_to the apprapri.ate hi r chi. I and, . Skid @Ry, jk-aker veni ng
level s. Th?E "s%aoﬂieh‘: Heato k%easciéeﬂat%% '?{yj%?éet:serlﬁlt\[[{%lday DNS t hat %uét_ deal with
arbitrary eddnessdle spaveliaksi pNApneveandaredailr esddagshesngairy $seds§o to a 5
first hierarchical level_  The object-nani ifrast ULRe desgrihed

her ei n resgli“?sq}lﬁrglagar?é'isﬁcegﬁ yi%egygggs%ﬁga &rﬁ%%?&%raﬁ?i c that t he
centr al o obpe§échanBme epeeteirs areduiwerd hierarchies. By keeping the

overall assignment of address space orderly and intact, it
allows cached former queries 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 various changes, substitutions and
alterations herein without departing from the spirit and

scope of the invention in its broadest form.



to handle. Unlike DNS, even partial addresses can assist the querying
systens in avoiding queries to the central 10 object name server or |ower
hi er ar chiwe.03By52Reepi ng t he overall assignnment of addres®cCIfamorsBeder|y
and intact, it allows cached former queries to guide the direction of
future queries so as to avoid higher server hierarchies as mnuch as
possi bl e. 15 Although the present invention has been described in detail,
those skilled in the art should understand that they can make vari ous
changes, substitutions and alteratiopg_herein w thout departing fromthe
spirit and scope of the invention in i1ts broadest form W 03/065250

PCT/ US02/ 41524 3= M@é IIMED I'S: 1. An object-nam ng network
infrastructureWHAgbﬁﬁrls%ﬁgngké'central obj ect name server coupled to a
conputer network and constituting a first hierarchical |evel; and

peripheral object nane servers coupled to i onpu Det wWerkuA8d
constituting alseco%@'hie?%9%$ﬁc%? l?%velFégggﬁ%bentigfroﬁject %ane server
respondi ngd@prakinkd obj ect name query received froma querying system by

0Ly ecting sad el yng YRl SRt catnenorosa hopeitaberl
peri pher alnARRK HATRCTRARUE gy taerfriatsityéiipxmbdw@iln@etmlsaia@dquery with
FUrther - pori pREFAPSBAdet RE Rervals COHErs Tt (ng S R T ° oSt archi cal
level . 2. vy agbenetir ends ¢@est Bt ingd ai mecanver biiarazohsapd obj ect
name quer%éﬁg¥v|§§fdacggkgg% %>%%é¥*¥gﬂglggrver responding to an
10 object name query received from a guerying 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
15 or directing said guerying system to query instead further

peripheral object name servers constituting a third

hierarchical level.

2. The infrastructure as recited in Claim 1 wherein
20 said object name query comprises a unique code associated

with said object name.

3. The infrastructure as recited in Claim 1 wherein
said object name query comprises a 96-bit number derived

25 from an identification tag.

4. The infrastructure as recited in Claim 1 wherein
said object name query comprises information derived from
a surface acoustic wave identification tag.

30



with said object name. 3. The infrastructure as recited in Claim1 wherein
sai d object nane query conprises a 96-bit nunber derived 25 from an

i denti fi caDiosmei2ay. 4. The infrastructure as recited in Crairrmst2/stses ei n
sai d object nane query conprises information derived from a surface
acoustic wave identification tag. 30 WD 03/ 065250 PCT/ US02/ 41524 -34 5.
The infrastructure as recited in Caiml wherein said querying system
contai ns an object nane cache for containing said object nane, said
querying systemdirecting said object;nane query to said cache before
directing said 5 object nane query to said central object nane server. 6.

The i nf rastructélre afhéefﬁffgsﬂ%‘%&@féndés whetraldy 8t dieast semrefirsaid

peri pheral objett nane servers sali d second hierarchical |level_ are
associ at edsad d h qudydmg esysireti ngoobpéss rathupRiegEenpmey cgghe for

infrastructure as.recited i.n G al . Qi SPAE &5 Y tSiad
peri pheral c%’fﬁ;%ﬁl“ﬁ%n%alsero\}oéresgto%l%s%éi gégcg‘ﬁ%?g?féﬁzs%hj cal | evel Izgrje
central |y assdgoeflect5ndme Teeinfrastaitteachaoekere el nertdng matidher ei n

address_spaces of said further rLp bj.g¢ sgLyeLs of said
third her® %ﬁ‘?‘éaPaT‘%ngeJéYeg%sgigjg%egg%g{ago%§i§%gngl ng obj ect
manuf acturers. 20 9. The infrastructure as recited in Claiml wherein said

guerying system.is ociated with a r d]-_pr[k dhe 4 f rastFdet ure as
recited in daifirl \?\i@?e?ﬂ%rﬁ%tg%‘f%uﬁ%?r%%t]g?gﬁge?vvor i's trhe I'nt er net .

at least some of said peripheral object name servers of

said second hierarchical level are associated with

10 corresponding object manufacturers.

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

15

8. 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.

20
9. The infrastructure as recited in Claim 1 wherein

said querying system is associated with a tag reader.

10. The infrastructure as recited in Claim 1 wherein

25 said computer network is the Internet.



WO 03/ 065250 PCT/ US02/ 41524 -35 11. A nethod of responding to a query for
an object nane, conprising: initially directing said query to a central
obj ect mMao®3®enser coupled to a conputer network and con®Cirtusp/ag24 5 a
first hierarchical |evel; subsequently directing said query instead to one
of peripheral object nanme servers coupled to said conputer network and
constituting a second hierarchical level; and alternatively responding to
said query with an object 10 nane or directing said query instead to
further peripheral object name serverssconstituting a third hierarchica

| evel . 12. The nethod as recited in Claim1ll wherein said 15 object nane

query conprises; unACidgtﬁgge f@S%@ﬁb%@@n@‘ th aswrggjf@@t dhambiekt The

nmet hod as reC|te alm 11 furt cofprising a riving a 96-bit
nunber fronam@, eOmpdéatin@ication tag to form said object name query. 14.

The method as regitedihy Gialdclhdl WINET queQUPics! A0 cRELUANGH Y mati on

froma surface acous wave | i cation g to form said object nane
query. 25 d&me Therwerhodupied e tadcdmper maawereraich st Ltgiemd ng

system cont aj ns_an for containing said object name, said
met hod ur?h%r %gn%??ggﬁghg?lrsgggggectlng sai d object name query to said

cache before 36ubaeduentﬁyathedtn@guaﬁ}d\M@QENOBB%E@a@CWPUSG¥74@%24 -36
16. The nethggp erafméﬁ?%dt ﬁ%ﬁ%ngé}vgggr%dhﬁﬁed to said computer

network and constituting a second hierarchical level; and
alternatively responding to said qguery with an object

10 name or directing said query instead to further peripheral
object name servers constituting a third hierarchical

level.

12. The method as recited in Claim 11 wherein said
15 object name query comprises a unique code asgociated with

said object name.

13. The method as recited in Claim 11 further
comprising a deriving a 96-bit number from an

20 identification tag to form said object name query.

14. The method as recited in Claim 11 further
comprising deriving information from a surface acoustic
wave identification tag to form said object name query.

25

15. The method as recited in Claim 11 wherein said
querying system contains an object name cache for
containing said object name, said method further comprising
first directing said object name query to said cache before

30 said initially directing.



| east some of said peripheral object name servers of said second

hi erarchical |evel are associated with corresponding object manufacturers.
5 17. ThewowBheitses recited in Caim1ll further conprisi RgTASN/4ERY y

assi gni ng address spaces of said peripheral object nane servers of said
second hierarchical Ilevel. 10 18. The nethod as recited in Caim1ll
further conprising assigning, by correspondi ng object nmanufacturers,
address spaces of said further peripheral object nanme servers of said
third hierarchical level. 15 19. The ngghod as recited in Claim1l wherein
said querying systemis associated with a tag reader. 20. The nethod as
recited in O aifgll wher gidtiss das2@-Lomud einnetisank is Wherkaheraet. WO
03/ 065250 PCT/ US02/ 41524 -37 21. An object-nam ng network infrastructure,
conpri si ngleastesorgl dhjsedd ReRRieRRdr AVIRA e AW IRF IS rHet 52 Hhd
ConSt'tUt'Bgc@nh]ﬁ§érgkgﬁ§55ﬂ'fé¢eiﬁﬁﬁias%@@lét%@TWDBBV@$r£$&§6ﬁdIﬂ@F
servers coupl ed the Internet, associated with correspondi ng object
nanufactur@b@eaﬁd“@@ﬁ§ﬁpﬁuﬁﬁﬁ§ -a second hierarchical level, said centra
obj ect game server responding to an object name query received froma
querying system by directing 10 said querying systemto query_instead one
of said periphé7al B8bicecmefhng séﬁveF@CFéegalHnseGBﬁﬁmh|%¥ar%%¥%%?r | evel ,

sai d one of, §aiq RSl PRELAL 9P| €CL s HANEI 88T WRIBress spaces of said

peripheral object name servers of sald second hierarchical

level.
10
18. The method as recited in Claim 11 further
comprising assigning, by corresponding object
manufacturers, address spaces of said further peripheral
object name servers of said third hierarchical level.
15

19. The method as recited in Claim 11 wherein said

guerying system is associated with a tag reader.

20. The method ags recited in Claim 11 wherein said

20 computer network is the Internet.



alternatively responding to said query with an object nane or directing
said querying systemto query instead further 15 peripheral object nane
servers cwoBiest ng a third hierarchical |evel. 22. ThePcafusay$rsect ure as
recited in Claim2l1 wherein said object nanme query conprises a unique code
associated 20 with said object nane. 23. The infrastructure as recited in
Claim?21 wherein said object nanme query conprises a 96-bit nunber derived
froman identification tag. 25 24. The infrastructure as recited in daim
21 wherein said object name query commi-ses information derived from a
surface acoustic wave identification tag. WO 03/065250 PCT/ US02/ 41524 -38
25. The infrastr2ltur®Enas odjiecednami@oai m 2d-whek ei n infaladtquertyiveg system
cont ai ns an_ Qhj £ct. nane cache for containing said object nane, said

qgueryi ng sys? N TR ng said object nane query to said cache before
directing said & obpecal nmequ%améOSsabdrceahpabdolabe@henamemre\ter 26.

The infrastructure as recited m 21 dress spaces of said
peri pher al %H?e%?n%%htéugje?%e?sf c\éiibljn QJnPJe?‘é‘? | evel are
central Iiy assi gr@éirlﬁl@eﬁal Topjeatr asltarn@ct Werased e%é@lécﬂl Ctai me2k
wherein ress aces of said further, peripheral object name _servers of
sai d thi rd 1 cal "Il%?fé‘?laé?eéyassi by COTHSFPEG L EShondPhg S68j ect
manuf act ur eﬁénuﬂéctﬁﬁrei@lfaﬂmf:b@.%ﬂ:ﬁu&ﬂ:dhg assé@shd adi drhdraida12 1 ewlaar,ei n
sai d queryi ng,gyst em i %som ated with a ta% r eader.. .

said’ centra ject name server Tesponding to an object

name query received from a querying system by directing
10 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
15 peripheral object name servers constituting a third

hierarchical level.

22. The infrastructure as recited in Claim 21 wherein
said object name query comprises a unique code associated

20 with saild object name.

23. The infrastructure as recited in Claim 21 wherein
said object name query comprises a 96-bit number derived
from an identification tag.

25

24. The infrastructure as recited in Claim 21 wherein

said object name guery comprises information derived from

a surface acoustic wave identification tag.
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15

WO 03/065250 PCT/US02/41524

-38-

25. The infrastructure as recited in Claim 21 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.

26. The infrastructure as recited in Claim 21 wherein
address spaces of sald peripheral object name servers of

said second hierarchical level are centrally assigned.

27. The infrastructure as recited in Claim 21 wherein
address spaces of said further peripheral object name
servers of said third hierarchical level are assigned by

said corresponding object manufacturers.

28. The infrastructure as recited in Claim 21 wherein

said querying system is associated with a tag reader.



