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TECHNI CAL FI ELD OF THE I NVENTION This invention relates generally to

i nvent or ywoanagsseent and, nore particularly, to a systempam@sopedseod for

i nventory assessnent. WD 03/025820 PCT/ US02/ 29526 2 BACKGROUND OF THE

| NVENTI ON Busi nesses require accurate assessnents of their inventory for a
variety of reasons. For exanple, a business may need to know how many
itenms it currently has in stock so that ;it does not sell an itemto a
custoner when one is not in stock or so that it can naintain an adequate
supply. As another exanple, a business may need to know how many items it
has in stock at different tinmes so that it can nake, econo orecasts
based on the rate aSYSHEWM ANRAEERHOREOR MG ENEORY é%??ﬁiﬁ?gf exanpl e, a
busi ness nay need to locate a particular itemso that it nmay be provided to
a custonmer. Typical systens and nethods for assessing inventory involve

substanti al TREHNITR FINIE) aFt THR.INEKBNED| e, if a business wants to know
how many items It has 1nits |nventory it max/ have soneone cou t them As

anot her exanpl e, This busniessrelsay ERIGEINN RnPIVEReY HRRMSETERY a00h BPFher
manual or co t rlzedf ol f and depart Thus, an
enpl oyee mayP @ﬁﬂ PR ftg}n #dﬁéggﬁr@&%yaﬂ%ﬁ%@tof itenms in the
inventory. Furthernore, the log may direct the enployee to an 15 item
Unfortunately, having substantial human interaction may |ead to several
probl ens. For exanple, humans may make errors in counting itens. As another
exanpl e, logs are not always accurate because soneone may forget to enter
an item




into a log upon its arrival or forget to delete an itemfroma |log upon its
departure. 20 Furthernore, soneone may intentionally circunvent the |log for
decei t fulwpuwspasses. Thus, inaccurate inventory assessnenPsETR®g22853ul t .

Addi tionally, having substantial human idteraction may require increased

| abor costs and may be tinme consuming, especially if datais to be

obt ai ned about each itemduring the inventory assessnent. WO 03/025820

PCT/ US02/ 295 &r THE IN f{GN The present invention provides
systens and [ educe or elimnate at |east sone
of the di sadvant agesinasseoceqiiedaciutdic pseyineiss 9Y shansmantbry Mot Bodsiefobf

inventory assessnent. Accordingly, in at |east certain enbodi ments, the 5
present i nveRaom: praFraBElca2 SYSREHIBANGEE LA SBOY HIot HEBBESHS 1f (At hys

qui ckl y_and sageur a ol i ddb. RAY LIE ALSBMOdIRIL Sondh SYSKSI [Lalinyent ory

assessnment inc evice capa Bl'e of be ng associ

with an lflveﬂtaﬁ)[t}taﬁtﬁhaﬁhﬁx‘am aﬁtwieqmmwlpatAqu%vm@npleCi bakBesa ntal-3REE Q) Ver,
a nenory, and a processor The 10 transcejver is operable to transnt and

recei ve mess&8@¥ hovhaampiging it has dpsiork @t disterans dimas 5adbasilvedn mAkE ¢eonemes abl e
to store dat gL0 e PSR 08 Fare Ibevhwh%&ﬁég{e JeflirGOURL 6l adhifichRPelIRIRLY, and

i's operable to generate an enumeration o°f acil'ita
t ransm ssi onbodindshenamese talocon aqiaet[qnlebytehhﬁ) thattin 8 Ibe PFoviddtthotarus@Riet Or
nessages associ ated. V\fcth t he enuner at.i on qguery. wherein at |east one of

the nessages may 13PiR Isifﬂ@nﬂaat“é PagRAyi R aéﬁ"?si”ﬁ%elﬁt’%ﬂ‘9f}’oﬂ}"é7&‘te peserngiak he
broadcasig r aﬂ%aﬂ’fintgﬁ&lorf MAs&ER é‘?é’ if A BuGdst a0t STBQAERE $hand 1@%&“95’?3]( or

inventory assessnent Includes nérating an enunerati on query
transm tti ngint heireaoioey, at men hqwxqmeoﬁheoumtahhnd fed mthd‘mlxmdp& therbusipiesng

nmessages associ at ed V\nthlthe eqrji? {Oatlong%ue 20 wherein at_ | east one of
t he messages™Ry' hél GHR ' YAF AFEFar d HyC “%t‘-:‘ﬁlt?fr‘if’”éfb}t@&e form, of items

as they arnive and depart. Thus, an employee may consult the log to determine the
number of items in the inventory. Furthermore, the log may direct the emplovee to an

15 item. h
Unfortunately, having substantial human interaction may lead to several
problems. For example. humans may make errors in counting items. As another
example. logs are not always accurate because someone may forget to enter an item
into a log upon its arrival or forget to delete an item from a log upon its departure.
20 Furthermore, someone may intentionally circumvent the log for deceitful purposes.
Thus, inaccurate inventory assessments may result. Additioﬁally, having substantial
human interaction may require increased labor costs and may be time consuming,

especially if data is to be obtained about each item during the inventory assessment.



beyond t he broadcast range of the transm ssion. The present invention has
several technical advantages. For exanple, in particular enbodinents, the
present iwWOeab2Bm al |l ows an i nventory assessnent to be ceQ®sSIEedshy an
aut omat ed process. Thus, the inventory assessnent may be 25 conducted

qui ckly and accurately. As another exanple, in certain enbodinents, the
present invention allows an inventory assessnent to be conducted via

short-range ' j 24,168 hus, the devices may use | ow anmounts
of power, whi g FRHEIRVERT qurrption and decreased risk of harnful
radi ation effects.Thgprésenf Wivehen RYAABY Systdnis HRAIRRBRO B stantibine rdalesent
I nvention allows for the inclusion 30 of data about the inventory objects

i n the i nventde)miaieaikieasisomacd sheiflisadvantaget asseeipipd veith pigsioye sysiess and
determ ne ho qﬁpg ' i pyentory, -but, al so_what . type of itens
are in the i\ﬁ\]/e orf{g} g{r{g?@wﬁ%ﬁ&ﬁ'eﬁ%&a@l&%n . ?‘ltelelasﬁ\?gﬁ%l&ef/r}boé,rg%ﬁrtgee, WO

03/ 0258205 PCprddefrzh2&hidh prévides b ayann dhnetho® ias abRYseh anenfa &uikNeand ONe,
or all of these technical advantages and/or additional technical
advant ages. @FHERWechni cal advantages will be readily apparent to those

051 025620 pCT Usod? FEESEE EigpRtin s b st SR e iR B g
figures provicdenanimrien clenjek efapahladerisimnaisogartl Wiie ani invenbivoshje@speed al |y

when considered in light of the followng witten description, and its
techni cal adFaPTHGEAIOR qovigoRmchides |3, SARsAEINET. 2 SRR RBY 4 PRSAESFy The

assessnend | P aGeRRAMNGSAMIL b 1Bt TRPHLIRO I Qladle TRE GG D LEMNEP Y

the transceiver and is operable to store data in the messages. The processor is coupled
to the memory and is operable to generate an enumeration query, to facilitate the
transmission of the enumeration query by the transceiver, and to monitor messages
associated with the enumeration query, wherein at least one of the messages may

15 include data regarding an inventory object beyond the broadcast range of the
transceiver.

In certain embodiments, a method for inventory assessment includes
generating an enumeration query and transmitting the enumeration query. The
method also includes monitoring messages associated with the enumeration query,

20 . wheremn at least one of the messages may include data regarding an inventory object
béyond the broadcast range of the transmission.

The present invention has several technical advantages. For example, in
particular embodiments, the present invention allows an inventory assessment to be

conducted by an automated process. Thus, the inventory assessment may be

[ §S)
(9]

conducted quickly and accurately. As another example, in certain embodiments, the
present invention allows an inventory assessment to be conducted via short-range
communication devices. Thus, the devices may use low amounts of power, which
allows low power consumption and decreased risk of harmful radiation effects. As a
further example, in some embodiments, the present invention allows for the inclusion
30  of data about the inventory objects in the inventory assessment. Accordingly, not
only may the business determine how many items are in the inventory, but also what

type of items are in the inventory and/or which items are in the inventory. Of course,



FIGURE 2 illustrates one enbodi mrent of a communication device for the
systemin FIGURE 1; FIGURE 3A illustrates one enbodi nent of a nessage
format fowoasoksagi ng 10 informati on between comruni cat i @eTdsSw2/2%26 of t he
systemin FIGURE 1; FIGURE 3B illustrateg one enbodi nent of enuneration
data carried by the nessage format of FIGURE 3A; FIGURE 4 is a flowhart
illustrating the operation of a communi cation device that initiates an
enuner ati on Q f r

Flare 5 1o el b fRErR BB HATE Aon flont. 8t P AT (RUARELAN oB0fhiagkt
devi ce thahmﬁ&ﬁﬁ@&@SnMQaﬁmuﬁhuﬂEma@bDn query for one enbodi nent of the

i nvention. WD 03/025820 PCT/ US02/ 29526 6 DETAILED DESCRI PT] ON. OF THE

| NVENTI ON FI GURE Q@ther leghniraladgantages syl be Tepdily appargiip dhgpe sEdlsd Shsary n
accor dance & i nvention. In general,
system 10 Iﬁ%%ﬁé%%ﬂ?o&%??@#%@%? QEghg§f§ﬁ§§§§%at need to be |nventor|ed
Each of objects 20 has an aSSOC|ated communi cation device 30 that is
operabl e to conmuni cate with comuni cati on devices 30 of nei ghboring

obj ects 20, which allows an inventory to be taken of the objects 20. In
operation, when an inventory is to be taken of objects 20, comunication
device 30 of one of the objects transmts an enuneration query, which may
be any 10 type of nessage indicating that data about objects 20 is
desired. The enuneration query is received by comruni cati on devices 30 of
nei ghbori ng objects 20. The communication devices 30 of these objects 20
transmt an acknow edgnent, which nay be any type of nessage, to the
comuni cati on device 30 of the object 20 from which the enuneration query
was received and ignore other enuneration queries that



15 are related to the enuneration query. The comruni cati on devi ces may
performthe latter function by, for exanple, saving an identifier for the
enumer at iwo ogessgo and conparing the saved identifier agaiPeItusniizss26
identifier in subsequently received enungration queries. The comuni cation
devi ces of these objects additionally retransmt the enuneration query,
which is received by communi cati on devices 30 of 20 their nei ghboring

obj ects 20. k. ﬁalt i R}t hese nei ghboring objects 20
al so acknow 24 JOR O THE IR of the object 20 from which
the enuneration quéey foasvingcapwes madidegaohmrot finfipleRUBdathAdingusS i8S
that are related to the enunerati on query. The communication devices of

t hese t hi r d- [&XFaROn. gispedeldy yhsp CPBW%&’ﬁ%ﬁﬂtl-@h@f difufrdlogting wrijieardesctiah i s
recei ved by ﬁﬂmwcﬁﬁﬁ:hl%»ﬁag vices 30 of their neighboring objects 20.
This process may continue unttl” no new acknow edgnments to the enumeration

query areSrecei ve#IGURE (T)Oﬂﬂilmteﬁ".ad Eyutert i @8 2nB0y @ésebdhgert QivREcdreMrb ol ect s
20 may then begin éo re via any type of message, to the conmunication
devi ces 30 oPHFGRR m}eéb he@bﬁsé‘@tlg“?@opegar ding the objects that

acknow edged the epgpREEAbLI AN ¥nd 3 '

devi ces of the | ower-| eveI1 E)tfdg%': sné @2@“&1@?%&%%%?388%8{#?&qg‘b of
obj ects 20 asysidme upEIGPRErly will receive no acknow edgnents to their

t i SSi f At : f thi th

commni cat i on IO 54768555 |RSHRSIF SHBRET HE A CCBHPET FERBbAL FShHbER {5
so the deyi cmn@a@frohao%@e%tc%mrg&a\f% d%@fcké’&'ftﬂfe shdtlfRin F nd reports
regarding only their associated object. The data’ regarding hé objects may
be as sinple as thEEURKeyB eXistatesr omeagmbartimedeofemenctetien ded danfi@r batthon,
such as, for_exa h nunber, type, size, and/or |ocation of the
5 comuni cat ["6i°3 gg&‘?%ttglﬁgmgt}%ct The conmmuni cation devices 30 of

hi gher-level obj eptgREM ﬁ%yﬂé\bﬁﬁrtr BROAinsGRABAAG0} §Ea LEMRTnl NG d

A
communi cati on devices and thenselves to the conmunication devices %dcof
t he even hi ghet initgared anodsjussratiodQjuery for one embodiment of the present invention; and

15 FIGURE 5 is a flowchart illustrating the operation of a communication device

that responds to an enumeration query for one embodiment of the invention.



Finally, the data is relayed to the comrunication device 30 of the object
20 where the enuneration query initiated, and an inventory assessnent may
be nade. WO 04®23820 exanpl e of the process just described, ae3Use2/2452¢ the
enuneration query initiates at object 2@. Communication device 30 of

obj ect 20a would transmt the enuneration query, which would be received
by commruni cation devices within its neighborhood, represented by circle

22a. The en atj Y t-ai jderii fier for the enuneration
query, so Fm A ‘-!’b ﬁjﬂ?Eﬂ he 15 enuneration query may
determ ne if theyrhravReanaliy

_ _ ZReh 4 Hte@NLOTEITah v eRifor Usseysmdan & savsdapcandthor
may associate enuneration data with an enuneration query, and/or contain
gg i denti fi esnef ambadwmentorfitn preagtt drveason.c & g%raelh%‘tm@bh‘éﬂmh@&? rortaRAaices
receiving.the .en rati.on guer i1l Kk t 1 j.catd evi ce

30 to respo(ﬂ?i.e“?ﬂ\n2 | ggﬁtr?qeiieﬁg ﬁ%ym X %anegomi}'%\r%l}ét&on Sggn‘ﬁ@nbrﬂgggn ?%s? ?igtreg,
nn;nbe][s and &&?&@ﬁiﬁari%ﬁ d@gicaraé) eHdieis dpeedplofio i oudimatioste Whie ceirginbonivaod

y, for exanple, be e broadcast range of comuni cation device 30. Note
that the brodaitesst30r enpRkhamng aheecst Focviigh algwe ﬁfléPY?é%%t@,cLer%E@ daine
sensitivity, .ang S?@CEI ver processing capabilities, as well as any of a
vari ety of o?tﬂer actors. As illustrated, comunication device 30 of object
20b and conmuni caln eperai2dn, chenca id0eméryobjiebe 1@ ofedgeare 20 h@mnumrestani on
guery. Upon recei gt, these ~communi cati on devices transnmt .a
acknow edgnedqvies 39 b6 OBR PhERHPPISHS JTREFIIS {R | BHMETALOR GUETX, Mfig), may be any
comuni caf i on deyice 30 of; a0l eGha A0f: afe BREROYS R0GIRRYE. MR chundirarne
sonet hi ng)t as{}gler%léeigseslgﬁ ﬁlg%cgghgonﬁrrum cgt%ﬁgno j(;ﬁlgvi‘ée has rEeLcei ved the A
enurrgg ati 03 qmygs rbf?ieedoaytdoﬁuhmﬁcaidnodhvmm t30 phecighbmnng ehidcsn2@evitees
may send an i1dentifier (1D) far thenselv and/or the assqci ated, ohj ect
in the ackneRinEggwanen deyiges 50 P?\Fkﬁﬁf: (?gf?étsp§§§iaﬁr’él?% a&g{‘%‘?’ %‘Be%i\‘glﬁcmof

conmmuni cat i op, ,..dev] ' : . : ;
conry Vo oo SES e B RSkRs FRbePh daplpesedodicmmur ker

which the enumeration query was received and ignore other enumeration queries that

15  are related to the enumeration query. The communication devices may perform the
latter function by, for example, saving an identifier for the enumeration query and
comparing the saved identifier against the identifier in subsequently received
enumeration queries. The communication devices of these objects additionally
retransmit the enumeration query, which is received by communication devices 30 of

20  their neighboring objects 20. The communication devices 30 of these neighboring
objects 20 also acknowledge the communication device 30 of the object 20 from
which the enumeration query was received and ignore other enumeration queries that

are related to the enumeration query. The communication devices of these third-level

objects also retransmit the enumeration query, which is received by communication

2
wn

devices 30 of their neighboring objects 20. This process may continue until ne new
acknowledgments to the enumeration query are received.

The communication devices 30 of the lower-level objects 20 may then begin
to report, via any type of message, to the communication devices 30 of higher-level
objects 20 regarding the objects that acknowledged the enumeration query transmitted
30 by the communication devices of the lower-level objects. Note that communication
devices 30 of objects 20 at the periphery will receive no acknowledgments to their

transmissions of the enumeration query. Because of this, these communication



8 data may al so be included in the acknow edgenent. In certain enbodi nents,
when comuni cation device 30 of object 20a receives the acknow edgnents,
it adds twe o3pzispuni cati on devices to a |ist of comuni caPCoruSdedsees from
which it expects to receive an enunerati on report. Communi cati on device 30
of object 20a then expects 5 to receive enuneration reports fromall of the
devices on the list before the enumeration query is conplete. A timeout

and error seayﬁeee“gwx@ }'lé‘?gpdrfs So, 10NN CALH AR LRy Ce\a%grgeg §eggR. the

enunerati on query, t'o send an enuneration report _
conmuni cat i omayesandeepdis oégaodipeainly? Gteianskoolajedcobj2fid aheaiareeteroaﬂﬁxﬁﬁ tthe 10
t he enunerati on uer to tho EéfeCt s i.n their nei ghborhoods represent ed

by circle 29p¢g ey ecrseﬂ@z asit PRt FN# 3 maphiacugrmaTe daiel! Shindonaes. Ry
al so includesgh 1D HOrexk rgse{ \ée§er'ian Mﬁﬂbéretfyﬁﬁsng V\ﬁﬁ)@u[@[&@&ﬁ o GiLery

so that receiving communi cation devices Wl ch conmuni cati on
devi ce 305t ocomspmonrdtioVfevicd hed/coohyecti _%loomrdmmnes dzficef 30l dntheRMyehnd

obj ect 20d refrans 15 the enuneratiq uery in the illustrated

embodi ment, ‘t’Uéc uﬁri}‘aﬁ'r‘gﬁ?é&% ifsgarfge%itgrego %‘{ﬂei’ﬂec%%‘ﬁﬂﬂﬁ?% fevicHeites
of all of t h%e?ﬁs@l’%s Q@hﬁ@%@mmﬂﬁ‘rﬁ%no@@e@ﬁes 2@ap il evehelﬁghéﬁeaa LhERgtion
query from object 20b and object 20d. Upon recel pt t he” conmuni cat1 on

devi ce 30 of Foljlgcthe 20@ islidgyedns thdmnmhmcmmmmera@quheotyject&mwbereuHrEat it
has previous%g rocessed and does not respond t whi ch may hel p

20 avoi d | 0o ﬁ“‘?re%‘t?&é“rrﬁérgér ataPé‘F‘fanmyla?fesas may eé?adénbodr nent ,
comuni cgg i on  dewisCH 3barRile Yl tﬁ@tpr&.Q:@s MRk &R rmeﬁ Qﬁhﬁlre%glarﬁeoé}lutﬂyeratlon

exanmning an ID for the enuneration query, whi ¢ e transmtt
communi cat i oguetgnigelss khehjededai ﬂonheumc&ttonamweﬁl()eﬂ obpachB0atvoold tansmyt

Addi t |1 t t d 30 of ,object 20b Il recejve the
5 enumprat | 5 CAUBEFIPR GhEon s T TRH BaTScsH ot o cOBTRaNEHOBKErs DU ibng

t he neighborhood, represented by circle 22a. The enumeration query may contain an
identifier for the enumeration query, so that communication devices receiving the
13 enumeretion query may determine if they have analyzed the enumeration query
previously and/or may associate enumeration data with an enumeration query, and/o.r
contain an identifier for the communication device, so that communication devices 30
. receiving the enumeration query will know to which communication device 30 to
respond. An identifier may be a combination of numbers, letters, numbers and letters,
20 or any other form of indicator. The neighborhood may, for example, be the broadcast
range of communication device 30. Note that the broadcast range could be affected
by interference, receiver sensitivity, and receiver processing capabilities, as well as
any of a variety of other factors.
As illustrated, communication device 30 of object 20b and communication
25 device 30 of object 20d receive the enumeration query. Upon receipt, these
communication devices transmit an acknowledgment of the enumeration query, which
1s received by communication device 30 of object 20a. The acknowledgment may
indicate something as simple as that a communication device has received the
enumeration query. In a particular embodiment, the communication devices may
30 send an identifier (ID) for themselves and/or the associated object in the

acknowledgment. Thus, it would be possible to determine which of communication

devices 30 and/or objects 20 acknowledged the enumeration query. Various other



comuni cation device 30 of object 20d will receive the enuneration query
fromthe communication device 30 of object 20b. The communi cation devi ces
of these wbjoaoes820 al so di scern that the received enuner at iPCR/US0BR9526 S One
that they have previously processed. Thegcomruni cati on devi ces may nake
this determ nation by examning 30 an ID for the enuneration query, which
the other included in the retransm tted enuneration query. The

conmuni cati o {1l 9k &5Pgnd. Lo nuner at i on
query. WO 03/rei ﬁgﬁggéﬁ%%@? g‘bg-?g{ ]teﬁ%?rﬁ%ﬁ %tcﬁga@oﬂﬁg qe’@S’Pﬁsoﬁ' tevi ce
30 of obj ect c3Renunidatior eleeic¥ S0t @Eobjeaumr@teloés eHéesknbw RiAcfriRAsC AMAAARIgAt | on
devi ce 30 of object 20b and the _enuneration query fromthe communication

devi ce 30 of ceBpuEicaoy deyiges tocdHAUM watercaiuy daigs ffm O‘B}Iéctt XPectsry
choos_e whi ch %{?nleha% e%’&&‘;[é‘?itfo 'r%Bo u@ohﬁéux%ah%nad% Jt hg%%éeﬁu mg?, re%%ﬁpiﬁj% ry

enbodi nent s, e conmuni ca eévice W respo

received §irsé raceivé gnomerdiiog sepoandroml sIhafgtheotii€EesObdethenNdstObefoR ItRE ity
schenmes may be inplenmented, For illustrative purposes, assune the
communi cat i oRNYBFRHRN YD 150%}"@@?%06 UgERUtdasl £BOT seySRRE Mmaythreused if a

enuneration guary {500 td36ice N, GAbLOR A& IS hery Bl iR, €0 an
QN Y5 oo 0

Accordi ngly, communi cati on device “of objec recei

acknow edgneshumératibsrdpognsni ssi on of the enumeratl on query. Th| s

comuni cation deyice may then report the inventory data for object 20d to
communi cati on deviléé CQWm‘BTle’éIBPé@WCE@éO OUF%J‘FCF 8@‘@@5@1 obfect RRd aksareiransioh

query frpgn t ﬂgeoéch lctih a%é’? tc@ﬂ‘}]é'sé??gje@t@ iffin fh&%bc?rﬁ@odsc {;ﬂ?&k‘%bt‘éﬂtﬁ o eV ce

30 of object es t enuner at | on quer ransnits t he
enuner at i on guieand tiocle Bad a’e;;;mctxselgom tdsmmmteanomée\gbﬁmhhp@ldo inctpdeeselt ed
by circle 22%. Aﬁ |Ilustrate {haect 20b and object 20d are wthin the
nei ghbor hood ¥f PATEESmitini tB&t F‘?f ngaificde  SIRAFERLIONL AUEBMEMi it i GRFelving

communication devices will know to which communication device 30 to respond.
When the communication devices 30 of object 20b and object 20d retransmit
15 the entimeration query in the illustrated embodiment, the query from each is received ‘
by the communication devices of all of the other objects. Thus, object 20a will
receive an enumeration query from object 20b and object 20d. Upon receipt, the
communication device 30 of object 20a discerns that the enumeration query is one
that it has previously processed and, thus, does not respond to it, which may help
20  avoid loops and reduce message traffic. In a particular embodiment, communication
device 30 of object 20a makes this determination by examining an ID for the
enumeration query, which the transmitting communication devices included in the
retransmitted enumeration query.
Additionally, the communication device 30 of object 20b will receive the
25  enumeration query from the communication device 30 of object 20d, and the
communication device 30 of object 20d will receive the enumeration query from the
communication device 30 of object 20b. The communication devices of these objects
also discern that the received enumeration query is one that they have previously
processed. The communication devices may make this determination by examining
30 an ID for the enumeration query, which the other included in the retransmitted
enumeration query. The communication devices may then decide not to respond to

the enumeration query.



devi ces 30 of object 20b and object 20d will receive the enuneration query
transmtted by the comruni cation device 30 of object 20c, discern that the
20 enunerwDiog2igeery i s one that they have previously proeesasdy2eeed send
no acknow edgenent. Accordingly, in thegexanple, comunication device 30
of object 20c will receive no acknow edgnents to its transm ssion of the
](canurrﬁrati on query. Upon determ ning that no acknow edgnents are

orthcom ng, the - comuni cat] i f i 5 Feport. .t
inventory data foFrmg\Efné%rte’ %cg&ﬁgﬁ%%%ﬁwg%ggﬁr&m ggtolbgegpdgg%/%@ %El\s\ﬁitgg it
transnitted éhh@entiononhadoffemt the ebRmingatioanddesd 66 80 abfecotjtbctn@Chei n
this exanple. Note that comruni cation device 30 of object 20b_wll _be
gxpecti ng t CIHBEELIPE JuerEpsiom fthe nsCHRANIAREQRY idsHicedali ek Qi’@ecbfzdgm e(TBGZOC
ecause an acknow:. r I, i O, | NG.E @H&{H' i vice
30 of obj ectw%% rlgag%%gm}éﬁ’g oég)tgﬁ?y’?%e&é%%%f ca |oonft§§w ceér%g&drr@% r%’gport
it al ongswi tth athewledentlarcerdiateanfodimahs,ehd¢ c@fiuhizatandeviccatll mapaehvihee 30
of object 20a. Conmunication, devjce 30 of object 20a store this data
al ong with \SBUmMSTAHLBEPETIPESrLlise A1rsiohisners thieseaendy ajtbadsh, effer pigring or

conmmuni cat i Q. L J for processing by the communication
device or a otoﬁgéﬁggﬁgggggqglﬁg%%g%d, system 10 hgs geveral t echni cal
advant ages. For aanjllisrative patpeses] @susesthawbomatechtidederss I0oofoadpetucOdt he
inventory assessnent. This allows 5.the inventory assessnent .to be
conduct ed qUICERFY AARTPAREH MoCPYAMaTFHTLAYERY ramh S FUBRIREATO JERES PG of
assessmypt ecP2060 nﬂk@r&%tﬂy‘? BRImYurfcatBA Y8 35 8F OBfds: 20PREAREsive no

i nventory assessments nay b& ¢onducted at programed tines. As anot her
exanpl e, syskeowlkOgmbhtovisitsamarsmissemad] tha egumesation qyarheThis reamwigatigat a

regardi ng objects that are not withint ei rhood of .t he abj. wh
t he enuner atdegire gt AR ﬁ?m%S@VE§@r¥Ha@%§§@F§m%%d°&PW‘%?H%P%%‘%% épy ore
assessnment 1 R&cPSHd. OPETretkibho fREHIMERLbR Query from the communication device

30 of object 20b, communication device 30 of object 20c acknowledges the

15  enumeration query and retransmits the enumeration query to the objects 20 within its
neighborhood, represented by circle 22¢. As illustrated, object 20b and object 20d are
within the neighborhood of this communication device. Thus, the communication
devices 30 of object 20b and object 20d will receive the enumeration query
transmitted by the communication device 30 of object 20c, discern that the

20 . enumeration query is one that they have previously processed, and send no
acknowledgement. Accordingly, in the example, communication device 30 of object
20c will receive no acknowledgments to its transmission of the enumeration query.

Upon determining that no acknowledgments are forthcoming, the
communication device 30 of object 20c may report the inventory data for object 20¢

25 to the communication device to which it transmitted the acknowledgment,
communication device 30 of object 20b in this example. Note that communication
device 30 of object 20b will be expecting to receive a report from communication
device 30 of object 20c because an acknowledgment was received from it. Once
communication device 30 of object 20b receives the data, the communication device

30  may'report it along with the inventory data for object 20b to communication device 30

of object 20a. Communication device 30 of object 20a may store this data along with



devi ces having a broadcast range that does not reach all of the objects in
the inventory. As an exanple. BluetoothTM conpliant devices are supposed
to have awolspzdemst range of approximately thirty feet, warasomense@d not
reach all of the objects in a |large warehguse. Accordi ngly_, th_e

comuni cation devices may use a relatively 15 | ow power, which is
beneficial if objects 20 or comuni cati on devices 30 have limted

capability to .ﬁﬁ‘%] ar sgeptible to radio
frgquency detgt%i%ﬁa{%%ﬁiy g‘i\s%g“f‘ur er?gx\@ina%f%, §%§yﬁﬁ8§‘m @L@{%@?Sl%by the
enuner ati on quenyuhzstiohésicesrevbhigstyigy ocessed and refusing to respond to
previously processed  _enuneration queries, S{stem 10 avoi ds | oops and
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of physi cjal e%tsi?e?{i/ @ég%&eaeu)gég‘rﬁr%ieg ,dgégglég{oe%%%&i ﬂslgﬁﬁ%ﬁlgom a?SSSt%engsﬁmfla \eoh‘s

t aki ng i nvent deimsnofry asstecsmpdyit telse c'tdndpaedi'qtnigklyoina.acgdrﬁtegarﬁllbcféiltibi?!'instances.d
enbodi ments, objects 20 may thensel ves have. processing capabilities and,
hence, be ab|3é1{“8e e %%Fﬁséﬁ%)‘t @P@WQP#‘%&@ BY onlyi sanpmiss of seroRdasMatesver,

ampl e, 25 pek i fautd _f ni cati n
ot bes’ 30 an o s b cutoe of B anthe el ASITINEL FORIY.,

response to thyéeanbreliews gnenupesation Qi tol @?ﬂr!imenmymuua_ : ire%éﬂi?? g)dﬁvis(ﬂ@a?z 30
dio f s RF). .co ni catiqn devices, infrare

Communi cat | o tE0l Bagh BF higpBGTREN of fit et Niiere Miesumemsmam diery iwiaied.

devi ces. 1llon armar dysenh 80 .BHROH Hﬁ/@ﬁtor)?é)s'ﬁgéﬂfeﬁ%'lfl% egﬁ)érb&?afitﬁq %2%\%1%%&8“,[

o)
Bl uet oot hTM conpl i'ant devi ces. Comurii cati on devi ce may be-
wi th wirel essdeviseal hagimga ankyoadoakt (404 thpr dbex abs reah, alk wehthasobjéqas igx@epl e,

| .E.E.E. WD 03/025820,PCT/ US02/ 29526 802. 11, Hi perLAN, or HomeRF.
Cormmuni cat i onlg(/ en\%/ rgesAé(fnnerB) jﬁ’t‘%@?}%ﬁ" tCBfnpiliEIEn‘#é'g‘ieécfr? SUPROSEp IR fat D2
near, or ot NesryddeestassQCsRdpReoinbROMIBF tdr, AbhicH RofRl ddtirthc RIS BB Rers t NE
communi cation device that initiat es the o . ‘
in a large warehouse. Accordingly, the communication devices may use a relatively
15 low power, which is beneficial if objects 20 or communication devices 30 have
limited capability to generate electrical power or are susceptible to radio frequency
degradation. As a further example, by knowing whether an enumeration query has
been previously processed and refusing to respond to previously processed
enumeration queries, system 10 avoids loops and reduces message traffic.
20 . The items in system 10 may have a variety of forms. Objects 20 may be
vehicles, products, people, and/or any other type of physical entity. For example,
system 10 is thought to be useful in taking inventories of automobiles in parking lots.

In particular embodiments, objects 20 may themselves have processing capabilities

and, hence, be able to perform any of a variety of functions, such as, for example,

8]
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performing some or all of the tasks of one of communication devices 30 and/or
assessing the inventory based on the data received in response to the enumeration
query.  Additionally, communication devices 30 may be radio frequency (RF)
communication devices, infrared (IR) communication devices, or any other type of
wireless communication devices. In a particular embodiment, communication devices
30 30 are Bluetooth™ compliant devices. Communication devices 30 may be compliant

with wireless local-area network (LAN) protoéols too, such as, for example, LE.E.E.



enunerati on query does not have to be associated with one of objects 20.
For 5 exanple, the initiating conmunication device may be associated with
a conput ewotohaessper f or ns accounting functions. As anot her pexarspl/zs2¢ he
initiating communication device may be tbupled to a data network, such as
the Internet, a LAN, or any other type of systemfrom sending data from
one conputer to another, so that the inventory assessnent nmay be initiated

renotely fro —d‘g\y I’@Bgr Y@rgrbg_}%ﬁia?% p@r 1oﬁrﬁ%9§@e57%@t l§1ay'Ebl’éeattached 10,

comuni cat i o y ware r software, be dedicated

initiators OJonﬁéctécﬁﬁ)p@&i?iﬂécﬁtot ﬁeaermrmlﬂeactnmmsmmmtecb\snh Bbjects@anpl e, a
war ehouse may only need, preferably desire, one conmunication devjce
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_ |nept of a comruni cation device 30 f
system 1G. Asahd 1él$ﬁdf il teding conmumi@abh davide wiayee3Bsdcrtedides aanmrram@rtilmi 31,

a transceiver 32, a baseband controller 34, a ocessor
f’ﬁ Ant enna Pe3forms aspRHHBELURGINSc ey ENRIHET FX 5%*@? 8“§hanaﬂ°§“%‘ﬁﬁ a?‘@@d

emto transcei e I extrrnagtori tion
in the signa < 1C§n1§5%§%\?8ua-1eﬁ@§ggiai’a ’?%@ﬁg& ?gﬁp?gbﬁ%a@ée#abrgd%%gﬁf roéla:ﬂg?m%% I n
a particul artygér‘@odyslﬁmtfrorﬂ E@ﬁﬁ(geda\mfroﬁ@nem@nfpommo ahdtherbyo thafrthei ingergory

carrier frequency fromthe signals nd controller 34 is operable to
convert the @ﬁﬁ?%mﬁﬁftmé}‘lbi?Hmtlﬁédéfi”b%%llp’grqr%f BV et that is accgpt able to

menory 3f, and proﬁuegﬁﬁ’fcuﬁg em 1rh€l{t9rm@té&ﬁnﬂﬁiatid?ﬁﬂeﬂ@essh&@e(ﬂ)yl Karg®ARry 36
and mani pul at ed by processor exanpl e, processor 38 ray determ ne

that the 25 anfi@r doditwane besdedrcaedunmamm oﬁoq@@p@pdemtqﬂsmemommsm F@n

gquery has : been_ analyzed pre I d/ t.h i
recei ved in ?’@’é’ﬁﬂ?rsaewﬁ%h%iﬁeMv us ﬂra’?fﬁge??lygg% 2@%%?0 ﬁ’géﬁogle OF m e
these operat b@qglgagflqw ?go L9 @mﬁﬁéraﬁa&n duesy.C Bifus, theedRintuBbaticRodvetael y,

when data is e sent from conmuni cation device 30 to anot her
associated with the objects may only respond to enumeration queries.

15 %IGURE 2 illustrates one embodiment of a communication device 30 for
system 10. As illustrated, communication device 30 includes an antenna 31, a
transceiver 32, a baseband controller 34, a memory 36, and a processor 38. Antenna
31 is operable to receive electromagnetic signals and feed them to transceiver 32.
Transceiver 32 is operable to extract information in the signals and convey the

20  information to baseband controller 34. In a particular embodiment, transceiver 32
performs this by removing a carrier frequency from the signals. Baseband controller
34 is operable to convert the information in the signals into a format that is acceptable
to memory 36 and processor 38. The information may then be stored in memory 36
and manipulated by processor 38. For example, processor 38 may determine that the

25 information is an enumeration query, whether an enumeration query has:been
analyzed previously, and/or whether an acknowledgment is received in response to an
enumeration query. Processor 38 may perform these operations according to a set of
logic 37 in memory 36.

Conversely, when data is to be sent from communication device 30 to another

30  communication device, processor 38 converts the information in memory 36 into the
appropriate format for baseband controller 34. For example, processor 38 may

generate an acknowledgment, facilitate the retransmission of an enumeration query,



30 conmuni cati on device, processor 38 converts the information in nmenory 36
into the appropriate format for baseband controller 34. For exanple,
processorw®d3mm3g20 gener at e an acknow edgnent, facilitate P#/USer/2®\a6M SSi on
of an enuneration query, WD 03/025820 PCTRUS02/ 29526 12 and/or generate a
message containing data from nei ghboring communi cati on devices. if any.
Baseband control ler 34 then converts the infornmation into the appropriate
format for wre 1.55J.0 , r £ erm.ni.ng a
modurati on  SEEbERde e dIR SR e EE 022 o ne RHAIIA S ot ARBRO T UG
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device 30 ma [ . L.ffer FE e rocesspr
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mani pul at i ng3 Friteh ARdPoRKamps Y yrsspingthe thomwarﬁné&élé@@e RBISPCY-RAM)
read-only menor ROM), , e - -

conpact éi sk regdfr onl ymﬁgﬁrr%?@&t%g}%&ggrﬁ?%%eaﬁ?&g?%g% Wéﬁgtﬁf"(ﬁg@éf‘ﬁ e or

nonvol ati | e &rest Formaxpmepiecprocesoptisomby bakeedmed anustwirnge coapies (RISTYi ¢ 37
may be 15 enti rel?i3 encoded i n nenor artially encoded in processor 38,

y 36
entirely encHdeYPIeK MHFUFLLE SEY Cosﬁgut%rn@ﬁﬁéde%’cw@aatm ;egiist HEegraigheispHi at e
medi a. en , i 2 : ont.r . ny
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For enbodiments in which c ication device 30 is BluetoothTM 20 enabl ed,
baseband co n’iefa%opg'r mENQry p@{wg’y eriaﬁﬁﬂ?% PEPE ley, Bqaflt%:ljy YERAYofERR{@M).

Bl uet oot h( er fompdeBGlisk FABIHMAS mdnXryexam®ber), LAGOP 'anglnotﬁerpgrprei Gl @btile or

enmbodi nent ,

nonvolatile electromagnetic or optical information storage device. Logic 37 may be

15 entirely‘encoded in memory 36, partially encoded in processor 38, entirely encoded in

processor 38, and/or encoded in any other appropriate media. Antenna 31, transceive-r

32, and baseband controller 34 may be any type of device that can receive information

from processor 38 and/or memory 36 and transmit electromagnetic signals based on

the information. For embodiments in which communication device 30 is Bluetooth™

20  enabled, baseband controller 34 typically implements the bottom layers of the

Bluetooth™ stack, such as. for example, L2CAP. In a particular embodiment,

antenna 31, transceiver 32, and baseband controller 34 are part of an ROK 101 007/1
manufactured by Ericsson.

FIGURE 3A illustrates one embodiment of a message format 100 for

25  exchanging data between communication devices 30. Message format 100 includes a

header section 110, a payload section 120, and a trailer section 130. Header section

110 includes a destination address field 112, a source address field 114, and a payload

size field 116. Destination address field 112 contains the address of the

communication device 30 to which the message is being sent. Source address field

30 114 contains the address of the communication device 30 that is sending the message.

Payload size field 116 contains the size of payload section 120. Payload section 120

includes a data field 122. Data field 122 contains the data to be conveyed between the



antenna 31, transceiver 32, and baseband controller 34 are part of an RXX
101 007/1 manufactured by Ericsson. FIGJRE 3A il lustrates one enbodi nent
of a messaigesfpessemt 100 for 25 exchanging data between c@EWIISIZZAS2ON
devices 30. Message fornmat 100 includes a3 header section 110, a payl oad
section 120, and a trailer section 130. Header section 110 includes a
destination address field 112, a source address field 114, and a payl oad

size field 116. Desti natiaqn addr field 112 i
conmuni cat | o?Pr’éI@Wlﬁ%“%d?‘Gc%i We‘?’fs?@élrgs‘g%@iﬁe}dg%?e?lﬁrlags%oté]%% a"gggﬁl?@%r%{ ﬁggs
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sending the ssage. Payload size field 116 contains the size of payl oad
section 120. erRaydeacii@edteldri3220 Errarc etdesiona fight 432 i eoingring datapgiay Fljogisd 122

contains the data to d _bet . VWO 0
13 conmmuni ca@?twlﬂgﬁi‘%&gg%\éﬁ Sgwﬁéc\gfer?%laltpgﬁ? frﬁqs&l?iésg%?c?r%g ¢ E%(gr%aa”?gg{gﬁ 420

enuner at i pn QUeLYylcaf paskdredgREIntumOr an enunmeration report. Trailer
section 130 i ncludes an érror detection field 132. Error detection field

1ﬁ2 cont ai ns dat aPayiaad sdcriond 20 arayafssifmang 2 wRBEm ! fisldso ko $XFBPIScBUAPEY i n
the transm ssi gn aof the nessag S - r aml r i

A or a
check sum P?ﬁ?f@ég“ge@f}' gﬁvifoﬁ%%ytﬂg{]lse %awﬁgx\\;éﬁaty@gri et“?mé:?a q‘%i(ﬁelllngésé.a Q!ngr
exanpl e, payl&Qasined et ipalodd Ossrtiyn haMe 2 dnueledattdnatquenydi adhewledgaent ype of
enuneration nmessage is contained in payloqg section

20 - ati
query, acknowhundeaion report. Adseurhayiep SACHEHI0 MahneYs 2 Bald @égggcgerl?ltf)‘!n&gtzo

may have field f an ideptif] . 10 .1 ndi
wih i b o HE s dhe BN tn o Y I RRT P R T S SR 5T
may have a fhalidad Qct 1By heve thatldi fodi amaideatifier thaliiodicaten founihocit i on

device the nessage is intended. O course, payload section 120
have a fi el dcmmmn@ﬁ@@ng‘gc@mgngqsagpaitsér_ltende%. yOf course, payload sectioxqel%o n?zlayso

also have a field that contains general data.

Additionally, header section 110 and trailer section 130 may contain
15 additiohal and/or different data. For exarnple, error detection field 132 could be
located in header section 110. As another example, header section 110 may include a
field indicating what type of data is contained in payload section 120. As a further
. example, header section 110 may contain a field indicating the format of the data in
payload section 120. As still a further example, header section 110 or trailer section
20 130 may include a time stamp. In general, any appropriate type of data may be

included in header section 110 and trailer section 130.
FIGURE 3B illustrates one embodiment of enumeration data 140 carried by
the data field 122 of message format 100 for an enumeration report. As illustrated,
enumeration data 140 includes inventory data 142, such as, for example, part number,

color, serial number, size, and/or location, for the object of the communication device

[§S]
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transmitting the enumeration report and data sets 150a-150b regarding neighboring

objects, typically those that have acknowledged the enumeration query transmitted
earlier by the communication device.

As illustrated, data set 150a contains data regarding one neighboring object,

30 and data set 150b contains data regarding another neighboring object. The

neighboring objects represented by data sets 150a-150b may be viewed as children of

the communication device transmitting the enumeration report. Data set 150a



Addi tionally, header section 110 and trailer section 130 may contain 15
additional and/or different data. For exanple, error detection field 132
coul d be wbmsmesseo i n header section 110. As anot her exanplpeT/usezaises section
110 may include a field indicating what |aype of data is contained in

payl oad section 120. As a further exanple; header section 110 may contain
a field indicating the format of the data in payload section 120. As still

a further exanple, header section 110.0r trail i 0 - t ncl ude
a time stanpSOYHIYERERETY dﬁﬁyfjazﬁpafn an}latfeg 4331%&?%% %%{dér?%% %ljesgg?lgg?fou ed in
header secti ?{5‘59,31,1%&5]%4 19| @htat®Chi@ford3ta F32XBURE 3B tidel disd t Mberegamding
enbodi ment of “enumeration data 140 carried by the data field 122_of

getssagiof or n}itedsbﬁand oeighborarmnbieett | bveriepodeta 1432 andusyeripadata ARt i on
ata includes jnventory data 14 h a3 r, 25
col or, seri af°HtiH %Slgﬁﬂ%?" ’&Hﬁ‘%ﬁﬁy %%%?tﬂ?og?ﬁpg% %tﬁgl)sg i e‘gt1 Dgl?&]t;rﬁ%&{m&
comuni caf i op.deMhEehe bbjRRS Thitt dcREowReg@NtvTER A drafor §Peids wardmitaidab s elies
150a- 150b r egar di ng nei ghboring objects, typically those that have

acknow edged fithené secvad arighhonug Aoviessareseatively. 1dwps pyectFopldde viewed as

conmmuni cati on devi.ce. il lustrat : | g&;rpre ardin
one nei ghbor mg%ﬁﬁﬂ ;&Sthgﬁown?g 1§n ggﬁ&%@ﬁgﬁggg ‘z'ir}llg1 g%tgﬁrregar'di ng °
anot her nei ghbor i pg; eRh@gte, chherecn@hghbioni aaiahy datasravepties objeet thet dat a

sets 150a-150b may be viewed as children of the co ni cation devic
transni t t i ngneigbbers ofdheafiisbnciglinsr tAs @aﬁt&t%defhelfgfehnv@%n@ﬁ%% contatns at

PCT/ US02/ 29526 . 14 cont.ai ns_| t d I t

regar di négt he&F3f Pt n%[%}?bggﬁﬁé?ér%e%peggé%%ﬂqg&%séé Q@agle@iS%%hcoé{r}%gs?rggﬁi %\t/%%bgry
data 152b anghG@lds ihv@Roadaa 1%4h 162igaeshengvely héorstbe aiectse puthbalt itreg &t ect .
Inventory data 152a and inventory data 152b may contain data simlar to

i nventory datl@4a464b, cegpectivebe fering ob’als: and 154b contain data 5 regar di ng

the objects that ggknow Gdafd LA.BMEIETAEESNIAHEEE SRAsSHERANNL &k Bi1idee

data for objects that are great-grandchildren of the object producing the enumeration
15  report, represented by data set 170a. The data for the object includes inventory data
172a and corresponding call tree data 174a.

As can be seen. enumeration data 140 contains inventory data for the object of
the communication device generating the enumeration report, inventory data for
objects that are neighbors of this object, inventory data for objects that are neighbors

20 of the neighboring objects, and so forth. In certain embodiments, each
communication device in a system would generate an enumeration report with data
similar to enumeration data 140 and transmit the enumeration report to the
.communication device that it earlier acknowledged. In this manner, the inventory
data would be relayed to the communication device that initiated the enumeration

25  query. Note that the amount of enumeration data would vary from device to device,
with the communication devices closer to the communication device that initiated the
enumeration query generally having more enumeration data than the communication
devices further from the initiator. For communication devices at the periphery, the
enumeration data may just be the inventory data for the associated object.

30 Note that enumeration data 140 may allow relationships between the objects in
a system to be determined. For example, the relationship between the object

producing the enumeration report, the objects that acknowledged it, the objects that



first and second nei ghboring devices, respectively. These objects could be
viewed as grandchildren of the communication device producing the
enuner at iwo osepised . For exanple, call tree data. 154a contairnsozzasas
regarding objects that are neighbors of ifhe first neighbor. As
illustrated, the first neighboring object contains at 10 least two

nei ghbors, represented by data sets 160a 160b. Each of these data sets al so

i ncl udes inve a 16 Yand j al |
tree data 18 Lijl‘s’e rBS ﬁ%cgs ? c%exq aengtgc{ fcsl%gnggjtg&itdﬁteggﬁe&tree
data 164a i SF@M@&m&é w&teheheﬁteraﬁsn aa@vmo i$ hhﬁsnﬁi&é@. theedceitemy ca@manitaion

obj ects that are great-grandchildren of the object produci

enuner ati on dddcy mpyANCorpaIpe st eRUEETHONIAR VB the daya frophet ha’g‘t'oém%’incinﬁ@
obj ect i ncl udes %Eéent Xwﬁje%tcg&i ]7_ lgpp%gg i%?regtﬁ'ﬁ%nma?gh@ Ecttﬁr%ﬁugﬁ‘& el 74a.

As can be sefc |on da corit'al ns I nvent or ta or the object

of the comuAifakien figuitCes gdvertdtd n@ntthmlenwmer@twoentm epombwlédyeemtor y
data for objects that are neighbors of this object |nventor;f, data for
obj ect's t hat cemmupsrieb ey iceothet Wile I$&IVGh ST Fﬁ‘gﬂ?}l&}l%t@l"’%nd bEst B £ 1 n

certain_ embodi fent s CRGEUIUANEALIAN HRVIAEdRidh RARHEThRLIcE: G ReY at &

an enunerati 8?1 epor simlar to enuneration data 140 and
transmt the.engnmicatib® ievpoprodidng hiee encaamtion aapd»ronmcﬂlebt ceighhat Jl tthe

earlier acknow edged. In this manper, the |n ent.or. I d
to the comuabisal PloferORRRNIEHIN 5Yids aastg%atF é‘n rsﬁt E.i %ﬁ Rg%/g

:E E:t Cgmﬁ”‘)'ﬂ'}t & g{/&%f Al MndahiRauid YAk kotihRm \Qﬁ‘}\{'d{i& tQ 1(12@}95'\(31@1 beW th

i cation Ices closer to the conmuni cation device that initiated
the enuner ahkighberuk Py thgesigecalof yhehesrnmynivetien denioe pssorigreddwith detaset thla

communi cation _devi ces furthe from tg initiator [ . conmun I.on
devices at tNéllpermepsery -k )netlf’le 8%1? S‘F&QHH%‘PHCWQ (]Pﬁ/scte eoctwhtg@it“ﬁ@ledn Bry
data for the QS§?(% %ﬁld tﬁgﬁbore‘pl Dottt hat oeRUNBE ahé ibntlatdcdifd devical | ow
rel ati onshi ps bet ween t Tects in a systemto be deternmined. For
exanpl e, the aswkatddonsthi gdntbesbuvéé@a whi tebjpeghbor 3.1.1.1.  Accordingly. a call tree
15 structure may be produced from the enumeration query. The call tree structure may
be useful in locating the objects and/or assessing system performance.
Although FIGURE 3B illustrates one embodiment of the enumeration data for
an enumeration report, a variety of other embodiments exist. For example, the
enumeration data may actually include data for a demarcation system similar to that in
20 . .enumeration data 140 for the communication devices. As another example, the
enumeration data may be arranged in any of a variety of orders.
FIGURE 4 is a flowchart 400 illustrating the operation of a communication

device, such as, for example, communication device 30, that initiates an enumeration

query for one embodiment of the invention. To begin an enumeration query, the
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communication device generates a query identifier (ID), which may be a unique
identifier for the query, at function block 404. Then, the communication device
generates an enumeration query at function block 408 and transmits the enumeration
query at function block 412. The enumeration query may contain an ID for the
communication device, so that the communication devices that receive the
30 enumeration query will know where to respond, and/or any other appropriate data.

At function block 416, the commuhication device sets a timer. The

communication device then determines whether it has received a message associated



producing the enumeration report, the-objects that acknow edged it, the

obj ects that WD 03/025820 PCT/ US02/ 29526 15 acknow edged t he objects that
acknow edyedsjozss2and so forth may be determned. Further momaisommses
enuneration data 140 is transnmtted. the yrgceiving conmunication device
may incorporate the enuneration data with the data from ot her conmmuni cati on
devi ces that acknow edged it. Suppose, for exanple, that the object
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one enbodi nefif "G RHEXBHBer ati on data for an enuneration report, a

vari ety ot her | pERL ISt e =l atl,on .data may
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as, for examplgx £HMUIH GR! (B EEVisCo IindWiRligh Bt 1A &AL GOMTR" 8L4;on
determines whether the acknowledgment is intended for the communication device at

15 decisior—l block 432. The communication device performs this analysis to ensure that
it is not processing an acknowledgment to the enumeration query that is directed to
another communication device. The communication device may accomplish this by
examining an identifier in the message that indicates the intended communication
device for the message. If the acknowledgment is intended for the communication

20 device, the communication device increments a variable storing the number of
neighbors for the communication device at function block 436. The communication
device then resets the timer at function block 416 and returns to cycling between

decision block 420 and decision block 424. If, however, the acknowledgment is not

intended for the communication device, the communication device again resets the
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timer at decision block 416 and returns to cycling between decision block 420 and
decision block 424. The communication device resets the timer in this instance
because the message indicates that there is activity regarding the enumeration query.
Returning to decision block 428, if the communication device decides that the
message is not an acknowledgment, the communication device determines whether
30  the message is an enumeration report at decision block 440. If the message is not an
enumeration report, the communication device again resets the timer at function block

416 and returns to cycling between decision block 420 and decision block 424. If,



query for one embodi ment of the invention. To begin an enuneration query,
the 25 communi cation device generates a query identifier (1D, which may be
a uni que wpdafeisté er for the query, at function bl ock 404PCThisnz/2495he
comuni cati on device generates an enuneration query at function bl ock 408
and transmts the enuneration query at function block 412. The enuneration
query may contain an ID for the communication device, so that the
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has expired at'odettsi b prpaRrnigation deviqeren feselp thedimerat furstionbéerk 4ligeand
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acknow edgnent, t Henaecthertinier &bs mpiﬁdyiheeonﬁhmmamnehvwhaéfeﬁhinbgat decision
acknow edgnent is jntended.for the communi cati on device at 15 decision
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devices that acknowledged the enumeration query. If the communication device has
received enumeration reports from all of the communication devices that

15 acknO\;'ledged the enumeration query, the process of gathering inventory data is at an
end. If, however, the communication device has not received enumeration reports
from all of the communication devices that acknowledged the enumeration query, an
error has occurred, and the communication device generates an error message at
function block 456. The process of gathering inventory data is then at an end.

20 Although a variety of operations have been discussed with respect to flowchart
400, other embodiments of the invention may have more, fewer, and/or different
arrangements of operations. For example, a communication device may not reset the
timer at function block 416 when a message is not intended for it. Thus, the
communication device would reset the timer only when it receives a message intended

25 for it. This may be beneficial in avoiding loops. As another example, the
communication device may not check whether the message is intended for it at
decision blocks 432 and 442. This may happen, for example, if message format 100
is used, because the information in the message may never be processed according to
the operations illustrated by flowchart 400 since the address in destination address

30  field 112 would not match the address of the communication device. As a further
example, if the number of acknowledgments does not match the number of

enumeration reports received, the communication device may reinitiate the



it is not processing an acknow edgment to the enuneration query that is
directed to another communication device. The communication device may
acconpl i swotohjosssky examining an identifier in the nessag@®Crhesp2/29seé cat es
the intended communication device for the nessage. If the acknow edgnent
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returns to cyclin ecl sion and deci sion bl ock 424.
however, device, such as, for example, communication device 30, that responds to an

15  enumeration query for one embodiment of the invention. At decision block 504, the
communication device determines whether it has received an enumeration query. If
the communication device has not received an enumeration query, the communication
device waits to receive an enumeration query at decision block 504. Upon receiving
the enumeration query. the communication device determines, at decision block 508,

20  whether it has processed the enumeration query previously. For example, the
communication device may accomplish this by examining an ID in the message. If
the communication device has processed the query previously, the communication

device returns to decision block 504. If, however, the communication device has not

processed the query previously, the communication device generates an
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acknowledgment message at function block 512. The acknowledgment may include
an ID for the enumeration query, an ID for the communication device, data about the
associated object, and/or any other appropriate data. The communication device
transmits the message at function block 514. At function block 516, the
communication device generates an enumeration query based on the received
30  enumeration query. The generated enumeration query may contain an ID for the
received enumeration query, an ID for the communication device, so that any

communication device receiving the enumeration query will know where to respond,



the enuneration report is not intended for the communi cati on device, the
comuni cation device also resets the tiner at function block 416 and
returns two 0202389€| i ng bet ween deci sion bl ock 420 and decipsirarsobbasek 424.
Once the tinmer has expired, the comruni catgon devi ce determ nes, at
decision block 452, whether it has received enuneration reports fromall
of the communication devices that acknow edged the enuneration query. |If
t he conmuni catiﬁlpn dev'{ce has el ve@aenumarati.on reports fromall of the
e
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operations i ldecisionafledk 82 dntiicheaeiveddtessaze asidiputaldiite $e enund@aidgidron
address 30 field 112 would not match the address of the conmuni cation
devi ce. As aOFE}‘rettHB?rexéi(Sﬁpl e, if the nunber of acknow edgnents does not

match the nunber qf V%gng%@%kggw%é%sfé%g@évgd mes %ecggggﬂie%at“i/i&n tgeevi ce
may reinitiate the 0 2
enumeration query before the timer expires, the communication device determines, at
15 decision block 536, whether the message is an acknowledgment. If the message is an
acknowledgment, the communication device determines whether the acknowledgment
1s intended for the communication device at decision block 540. The communication
device performs this operation to ensure that the acknowledgment is not intended for
a neighboring communication device and may accomplish this by, for example,
20 examining an ID in the message. If the message is not intended for the
communication device, the communication device resets the timer at function block
524 and again begins to cycle between decision block 528 and decision block 532. If,
however, the message is intended for the communication device, the communication
device increments a variable indicating the number of communication devices that
25 have acknowledged the enumeration query at function block 544. - The
communication device then resets the timer at function block 524 and returns to
cycling between decision block 528 and decision block 532.
Returning to decision block 536, if the communication device determines that
the message is not an acknowledgment, the communication device determines
30  whether the message is an enumeration report at decision block 548. If the message is

not an enumeration report, the communication device resets the timer at function

block 524 and again returns to cycling between decision block 528 and decision block



18 enuneration query. As still a further exanple, the conmmunication device
may keep track of which devices acknow edged the enumeration query and
whi ch dewoas/0238e@vi ded enuneration reports. Thus, the comemrisezadIsen devi ce
may be able to pinpoint where problens apg occurring in the system
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from all of the communication devices that acknowledged the enumeration query.

15 Note that the number of communication devices acknowledging the enumeration
query may not be the actual number of neighboring communication devices because a
communication device may, in some embodiments, only acknowledge one
enumeration query. If the communication device has received enumeration reports
from all of the communication devices that acknowledged the enumeration query. the

20 .communication device itself generates an enumeration report at function block 564.

The enumeration report may include the data in the enumeration reports from the

other communication devices. The communication device then transmits this

enumeration report at function block 568 and the process comes to an end. If,

however, the communication device has not received enumeration reports from all of

19
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the communication devices that acknowledged the enumeration query, the
communication device generates an error message at function block 572 and transmits
the error message at function block 576. The process then comes to an end.

Although flowchart 500 illustrates a variety of operations for a communication
device, in other embodiments, a communication device may have more, less, and/or a
30  different arrangement of operations. For example, a communication device may not
reset the timer if a message is not intended for fhe communication device. As another

example, the communication device may not check whether the message is intended



an | D for the enuneration query, an ID for the comunication device, data
about the associated object, and/or any other appropriate data. The
comuni caWpmn/o2ssel ce transnits the nessage at function blPoTRISBAZS2A
function block 516, the comunication deyice generates an enuneration
query based on the received 30 enuneration query. The generated enumeration
query may contain an ID for the received enuneration query, an ID for the
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flowchart 500 could be expressed as a state diagram.
In particular embodiments, the data collected and transmitted by the lower-
15 level communication devices may contain data that allows the upper-level devices to
determine relationships between the communication devices. For example, an
intermediate-level communication device might include data that would allow an
upper-level device to determine which communication devices responded to which
communication device. This could be useful in determining geographic locations of

20. communication devices.

. In certain embodiments, communication devices could acknowledge
enumeration queries from multiple communication devices, which would allow
relationships between the objects to be determined. This could also aid in locating a

communication device. For example, if communication device 30 of object 20c in
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FIGURE 1 were to acknowledge an enumeration query from communication device
30 of object 20b and communication device 30 of object 20d, then it would be known
that the communication device is within the area of overlap of circle 22b and circle
22d. Furthermore, if the fact that communication device 30 of object 20c does not
respond to the enumeration query of communication device of object 20a is included,
30 then it would be known that object 20c is not within the area where circle 22a, circle
22b, and circle 22d overlap. Other techniques, such as time delay of arrival, could

also be used for locating objects.



device perforns this operation to ensure that the acknow edgnent is not

i ntended for a neighboring comuni cation device and may acconplish this
by, for ewearplozss2®0 examining an ID in the nessage. |f thecwrasszaes2é s not

i ntended for the comunication device, 2he conmmuni cati on device resets the
timer at function block 524 and again begins to cycle between decision

bl ock 528 and decision block 532. If, however, the nessage is intended for
t he connunication t bl e
ndi cating ¢ he nuABOY 2 Yalte KRR é%F‘%Ve%’Sf?éfé?*S%‘%@%%SEﬂ“a%i%sm%ed
the enumer at h@eerfUeleytiad. f varizty ofaddiais. Mduon‘ﬁhmbsuommnm andttramfoajtean@e t hen

resets the timer at function bl ock 524 and returns bet
deci si on bl oekl BoEadihyseggssied BrhpscoTn l@éﬁdhq?ﬁ uthf mPB gl%ecﬁl gg‘éﬁl‘b‘i E}? 536,

i f the conmunicat.i n
acknomﬁedgneﬂ?rn?wpgﬂgﬁéiﬁﬁgg?@géﬁ%ggﬁggﬂggﬁgpgﬁﬁgg%ﬁﬁgﬁﬁﬁg?ﬂgém?he message
is an enuneration report at decision.block 548. If the nessage is not an
enuneration report, the comruni cation device resets the tiner at function
bl ock 524 and again returns to cycling between decision block 528 and

deci sion bl ock WO 03/025820 PCT/US02/ 29526 20 532. If however, the nessage
is an enuneration report, the comrunication device determ nes whether the
enuneration report is intended for the comruni cati on device at decision

bl ock 552. The communi cati on device perforns this operation to ensure that
t he enuneration report is not intended for a neighboring comrunication
device 5 and nmay acconplish this by, for exanple, examning an IDin the
nmessage. |If the enuneration report is not intended for comrunication
device, the communication device resets the tinmer at function bl ock 524
and returns to cycling between decision block 528 and deci sion bl ock 532.

I f, however, the enuneration report is intended for the comunication

devi ce, the comunication device stores the data in the



10 enunmeration report at function block 556, resets the tinmer at function
bl ock 524, and returns to cycling between decision block 528 and

di scussi owolBo2382632. Returning to deci sion bl ock 532, on®eTtuse2/295e@r
expires, the comunication device determyes, at decision block 560,

whet her it has received enuneration reports fromall of the communication
devices that acknow edged the enumeration query. 15 Note that the number of
comuni cat i on, 4 edgi ng the enuneration query may not be the
actual number onmmuni cati on devi ces because a conmuni cation
device may, in sone enbodl ments, only acknow edge one enuneration query.

| f the communi cation device has received enuneration reports fromall of

t he communi cati on ldevi o‘ésymmﬁordukmmvlyeid@edntmecommﬂmsati on query, the 20

- comuni cati on deV| Ge itself nerates.an.enuneratjon report at function

bl ock 564. The edUrBFRYTEH PEFSIE RBP'T HEEﬂH%afsﬁé‘a&egt‘é“ AT URENORY RBICE% | on
reports f5omtmé1@mghmeﬁt1@pdmldégﬁjr@ﬁlodew ces. The communi cati on device
then transmts this enuneration report at function bl ock 568 and the
process comes to an endiUﬂIIECCIVQiWQKﬂgle tOﬂmm%MmC@ammsml ce has not
recei ved enuneration rep }n%r rom IQA It e %5 the co ni cation %zw ces that
acknow edged the enuneration query: %e MR FL at'F SHTRY | YETHend? 419 an
error nessagdantinthemedsagesbhack 572 and transmts the error nessage at
function block 576. The process then cones to an end. Although flowchart
500 illustrates a vari @RFOUHSHSOHBIER dhiherBemarye drmproresael eperatdetd gaerdtn

ot her e di ve .nore, less, and/or,a 30
differ emP@ ar r@g%ggn&glﬁatﬁﬁ Fﬁrﬁgrg}é?oa icﬂﬂatg(%g%?rgn%&lpl? o?t ec%ﬂ%‘ﬂ?% élt QY (}ig\}h% e
may not resetrahdeeivet,mad to fmcmltmsmmges sssodihted N\hﬂmﬂxefénﬁﬁ"eraftﬂaﬁ qRERIWhkfat | on
device. As ano} her exanple, the conmuni cation device may not check whet her
the nessage PsCAHt@RIdhomassasessByonseds deieZegadmg ammversery ebjeet htwendi on

bl ocks 540 apg bﬁé&cai%ﬁgé@%h@ﬁ%@&veior exanple, if nessage

15 2. The system of Claim 1, wherein the processor is further operable to
determine an identifier for the enumeration query and to include this identifier in the

enumeration query.

3. The system of Claim 1, wherein the processor is further operable to:

20 receive an enumeration query;
determine whether the enumeration query has been received previously; and
generate a message acknowledging the enumeration query if the enumeration

query has not been received previously.

[S%]
(9 4]

4. The system of Claim 1, wherein the processor is further operable to

include an identifier for the communication device in the enumeration query.

5. The system of Claim 1, wherein the processor is further operable to

determine the number of messages acknowledging the enumeration query.



format 100 is used, because the nessage nmay be ignored since the
destination address does not match the address of the comunication

devi ce. AsOasfessthher exanple. the conmunication device meRgTrEOIRdSR@t € t he
enuneration query if it has not received 54reports fromall of the

conmmuni cati on devices that acknow edged the enuneration query. As still a
further exanple, the conmmunication device may send the data received in

the enuneration reports_along w the error nessage generated at function
bl ock 572. As stilY ano?ﬁ%%ysgf%ﬂéée}mﬁhager&Mm cation device may be able

to analyze massaget%etp?oc@%d?riirhﬁﬁle%g&]aﬁlre tb FORF A A GUL I 16 g%%m?.@%%%r
exanpl e, 10 the conmuni cati on device nay not generate and trafnsm1t an
acknow edgnerdata; Bhiés coul d happen, for exanple, if the device used only a
timer in determni if the en ration query was conplete. Additionally,
it will be readil fﬂgﬁﬁg?ogbsowef%g%w ﬁi?r&?\}b%g}llﬂ"}%@@“c‘gt‘ﬂ-d be expressed as a
state diagram |In particul ar enbodi nents, the data collected and

transmtted by the lower- 15 | evel communication devices nmay contain data
that allows the upper-| Biebysthayiof d3aimm 6, wereimilieepmoetsaot sniinihps opetiees t he

conmuni cati o ices. For examl an _intermedi ate-1evel conmunication
devi ce ni ght r%eﬁ%r%tedaeﬁasgtage f%%%lr%ﬁpﬁe%wl%%l Mpper-1evel device to
det erm ne whi ch comuni cation devi ces responded to which conmuni cation
device. This could be useful in determ ning geographic |ocations of 20.
comuni cation devikes. The ewteraiaf ehvodd.nehersin domenurheatipo ate idiesescoul d
acknow edge J i om.rul ti pl e conmuni cati on devi ces, which
woul d al ﬁgw r?@ﬁ%ﬁ@% |S%P%3F§V\t§regrl&pﬁcets'obj ects to be determ ned. This could
also aid in locating a comunication device. For exanple, if comrunication
device 30 of object 20c_in 25 FIGJRE 1 were to acknow edge an enuneration
query from communi‘cat i oedavierer! Glampf, wherein at st envcpfghermensages asoociaedi ce
30 of object it . t { he comuni cation device is
ARG teﬂﬁﬂe atlox\gpérgilgcg}l@% aabﬁgfi clér} ny Frgorynggjlect.

within the area oF over]{ ap

15 10. The system of Claim 1, wherein the broadcast range of the transceiver

1s approximately thirty feet.



22d. Furthernore, if the fact that communi cation device 30 of object 20c
does not respond to the enuneration query of communi cation device of
obj ect 20wO0ios/023820 uded, 30 then it would be known that objpegtUusEDzIsee not
within the area where circle 22a, circle -22b, and circle 22d overl ap.
Ot her techni ques, such as tine delay of arrival, could also be used for
| ocati ng objects. WD 03/025820 PCT/ US02/ 29526 Al though a variety of
enbodi ments have been di scussed with respect to the present invention, a
vari ety of additions, JeFEESBAY, NEYBIFEFBEY, COmRIISiRgNnsT or mati ons Wi | |
be readily suggest : il | ri.. Accordingly, the . .
fol | owi ng cl ai ns a:é}éﬁ@r%rgggﬁﬁ%o&&é\%rgg %Hdgﬁ%gﬁrc]i?? %58%1'53‘%8&%&?59 Sﬁlgr,nor-‘ object.
substi t ut i onshe amimtiniamsdrodavidel congris\@. 03/ 025820 PCT/ US02/ 29526 2'  WHAT
IS CLAIMED I S: 1. A systemfor inventory assessnent, conprising: a
conmuni cati on devi ce cdpEBf EOTTANSRITHES ARG FEFIAENeFseEEsan i nvent ory obj ect
5 the conpuni cation devjces ¢t s géinath@;rﬁgssdggg.ver operable to transmt
and receive nmessages; a menory coupled to the transceiver, the menory
operable to store datandanstfoe pessHEyes 2naatinerpiocessol andufcddaing the
menory, the processor g&%rabl e to %gneratcg 10 an enuneration query, to
ti

facilitate tH ™ PEHEHOS SRy _ratul‘?B AdrdfGtion query by the transceiver,
and to monitor mssage@n&%§@@r‘rﬁ‘51ﬁ%n‘ﬂg%‘ks§@s @%H%féat\bi%thg%ﬁ%era%ﬁggh@. at

| east one of the nessages nmay includé data regarding an inventory object
beyond the Wheeate asicastaangeniche tivesageameyenclede ddtd résardihg as ystearorpfobf@eai m

1, wh int is furt ble to. .det ine.an identifier
for "the: ShnrulidORE BRBRGAT RSt b i chers Lo cSSTHHRE 14 BRing he

12. The system of Claim 11, further comprising:
means for determining an identifier for the enumeration query; and

_means for including this identifier in the enumeration query.

15
13. The system of Claim 11, further comprising:
means for receiving an enumeration query;
means for determining whether the enumeration query ‘has been received
previously; and
20 - means for generating a message acknowledging the enumeration query if the
enumeration query has not been received previously. '
14, The system of Claim 11, further comprising means for including an
identifier for the communication device in the enumeration query.
25
15.  The system of Claim 11, further comprising means for determining the
number of messages acknowledging the enumeration query.
16.  The system of Claim 11, further comprising:
30 means for recelving messages containing enumeration data; and

means for storing the enumeration data.



enuneration query. 3. The systemof Claim1l, wherein the processor is
further operable to: 20 receive an enuneration query; determ ne whet her

t he enuneweatosoessgquery has been received previously; and @emdrsat/essaéc nessage
acknow edgi ng the enuneration query if the enuneration query has not been
received previously. 25 4. The systemof Taim1, wherein the processor is
further operable to include an identifier for the conmunication device in

t he enuneration query. 5. The system of aim1l, wherein the processor is
further operable td- de}5 ?MSFFéntoﬁﬁ?fH}rﬁ C}U&heﬁég@%@%éﬁﬁ%vﬁoéﬂ@ﬁmglftgﬁé
enunerati on qHakyoe AR P3L03RB20REHMNHZ/ 29526 24 6. The systemof Caim
1, wherein: the processor is further operable to receive nessages

cont ai ning enuneration data; and the nenory is operable to store the
enuneration data. . J 7...The syst of aim6, wherein the processor is
further operable t4 geﬂ?r%?fséy Oﬁe@@é’bg% R0 tAY ChHBCRHaMean inshcaist &. 8.
The syst e ofre(GliisRiPoerWha! BivBnibAaMrer ati on data indicates a 10

rel ati onship between inventory objeCts. 9. The systemof Claim1l, wherein
at | east one of the messages associated w th the enunmeration query

i ncl udes data abo an j.nventory ject. .15 10.. The systemof Caim 1,
wherein the br oadlcigst r géy%‘?mt?é%?lﬁhsléeiwemi &t Lesst ORF 2l d1Sy MesFasey
feet. WO 03/ Q2RB37adRGH HRAHuARRARn query includes data about an inventory object.

10 20. The system of Claim 11, wherein the broadcast range of the means for

transmitting and receiving is approximately thirty feet.



11. A systemfor inventory assessnent, conprising: a communication device
capabl e of being associated with an inventory object, the comunication
devi ce cowpro3®23sg0 neans for transmtting and receivi ng nPETAPEY29526 neans
for storing data in the nessages; neans fxr generating an enuneration query
and facilitating the transm ssion of the enuneration query; and neans for
noni toring nessages associated with the enuneration query, wherein at

I t f th ages may ,i ncl ude .data regardi ng an i nventory abject
10 beyond the brodboact sehgb IbA%: HESHEEHS PEFE! e B oRRIR & 15t §1 ng.

12. The syst gieplborihabdfinkh by cohlisEiagRid BlIBEind BRBRIher deternining an
identifier for the enuneration query, and neans for including this
identifier in thegermeaathoncgter querys 13. The systemof Caim 11, further

conprising: neans f.Qr, receiving.an uneration query: nmeans for

det er ni ni ng whet hgatm]ﬁﬁtg tlé%ﬁwpﬁ%’%oﬁﬁﬁW“ﬂ%@“%g‘hery’eéé‘@i ved previously;
and 20 neans for aRNRbAEES IBSIABE wIhkAOhEHSLAEh Hhey SRHERIALIIOR: Gyery
if the enuneration query has not been received previously. 14. The system

of O ai m 11, of iretprspaged muyi isFlngde detanegarding ian aiveniory object bejond ithid eroadaast t he
comruni cation _devyi i.n_the enunmeration query. 25 15. The systemof Caim
11, further Eagﬁ%¥¥§1|%ﬁbanﬁ%§ﬁ?nf or determning the nunber of nessages
acknow edgi ng the enuneration query. 16. The system of Caim 11, further
conpri si ng: ] _ _ ‘
22 The logic of Claim 21, wherein the logic is further operable to
10 determine an identifier for the enumeration query and to include this identifier in the

enumeration query.

23, The logic of Claim 21, wherein the logic is further operable to

determine whether messages are associated with the enumeration query.

24. - The logic of Claim 21, wherein the logic is further operable to:

receive an enumeration query;

determine whether the enumeration query has been received previously; and
generate a message acknowledging the enumeration query if the enumeration

20 .. query has not been received previously.

25. The logic of Claim 21, wherein the logic is further operable to include

an identifier associated with the logic in the enumeration query.

25 26. The logic of Claim 21, wherein the logic is further operable to

determine the number of messages acknowledging the enumeration query.

27.  The logic of Claim 21, wherein the logic is further operable to:
receive messages containing enumeration data; and

30 store the enumeration data.



30 neans for receiving nessages containing enuneration data; and mneans for
storing the enuneration data. WO 03/ 025820 PCT/ US02/ 29526 26 17. The

syst em ofwQ@loaiopssi®, further conprising nmeans for generati RgTASONESI@JE
containing the enuneration data. 18. The systemof Caim 16, wherein the
enuneration data indicates a 5 relationship between inventory objects. 19.
The systemof Claim1ll, wherein at | east one of the nessages associ ated

ith th ti i ncl t hout t bj ect. 10 20.
The ‘system of Craith 13, [OiSER: o1 GRE bT.oRuEasihs Biisds rhen ebsasiedo gaperate
transm tting ARdssheCednthiNtholthe SARAAXISRIRLY thirty feet. WO 03/025820

f=]

PCT/ US02/ 29526 27 21. A set of logic encoded in nedia, the |ogic operable
to assist in inventory assessnent by acconplishing the foll ow ng

operations: generajg an.enuneration.query; facilitate the transm ssion of
the enumeration query; ng%edlll%gl?ﬁrﬁ @E’fﬁnﬁss‘aaafgmaé@oewa?@anw td4ta diicates a
enuner ati en quRfiynshihBé®icbn slveh@apbbiedte of the messages may include data
regardi ng an inventory object beyond the broadcast range of the

transm ssion. 22. The logic of Caim?2l1, wherein the logic is further
operable to 10 deferm 0. i ifier for. the enuneration query and to
include this i den'?1 |t0fi erﬂ?enl%tgﬁeoq%el%lﬁnrréf’a‘?lil%ﬁncfﬁgﬁatq]t. OnyPT T, e é’?s(:g/sé‘f’c‘@? im

21, wherein tieh ihe@htmesatibt ighbgTinclpedsalatLatonr aflpivenBh évjvhiet her messages
are associated with the enuneration query.



15 24. The logic of Claim21, wherein the logic is further operable to:
recei ve an enuneration query; determ ne whether the enuneration query has
been recewoadopisewi ously; and generate a nessage acknow @dgiusg2/2dses
enuneration query if the enuneration 20,guery has not been received
previously. 25. The logic of Claim2l1, wherein the logic is further
operable to include an identifier associated with the logic in the
enuneration query, 25 26. The logic of Caim21, wherein the logic is
further operable £b détBFHRPAOIRECHINBEICSHRENEPMTBHZGCknow edgi ng t he

enunerat i on_ query gefefarinbf énﬂgnieﬁan%%gg:&-f m 21, wherein the I ogic is further
operable to: rec8 ve nEssages contai nihg enuneration data; and 30 store

the enuneration datmsmiingdBé b8 ueS02/ 29526 28 28. The | ogic of
Claim 27, wherein the lL.ogic is further operable to generate a nessage
cont ai ni ng the entPBHARTHMESRILES associate ik cngmeratign fusry, Whsesieahleaste

enumer at ipn indi - t I.p:het ] r |ecrs. 30.
The Togi  of T8 o IO TAHES: drey He R R SR RE SR h BT REY b8 b3
wi t h t he enubmerddastonangrief the itmandroidsien.dat a about an inventory object. WO

03/ 025820 PCT/ US02/ 29526 29 31. A nmethod for inventory assessnent,
conprising: generating an enuneration query; transmtting the enuneration

querys; 32.  The method of Claim 31, further comprising:
determining an identifier for the enumeration query; and

10 including this identifier in the enumeration query.

33.  The method of Claim 31, further comprising:

receiving an enumeration query;

determining whether the enumeration query has been received previously; and
15 generating a message acknowledging the enumeration query if the

enumeration query has not been received previously.

34. The method of Claim 31. further comprising including an identifier for

the communication device in the enumeration query.

35. The method of Claim 31, further comprising determining the number

of messages acknowledging the enumeration query.

36. The method of Claim 31, further comprising:

| O8]
(94

recelving messages containing enumeration data; and

storing the enumeration data.

37. The method of Claim 36, further comprising generating a message
containing the enumeration data.
30
38. The method of Claim 36, wherein the enumeration data indicates a

relationship between inventory objects. -



nonitoring nessages associated with the enuneration query, wherein at |east
5 one of the nessages may include data regarding an i nventory object beyond
the broawoasi2ssange of the transm ssion. 32. The net hod eCTESa/953d,
further conprising: determning an identjfier for the enuneration query;
and 10 including this identifier in the enuneration query. 33. The nethod
of Claim3l, further conprising: receiving an enuneration query;,

determ ni ng whet her the enuneration query has been received previously; and
15 generating a nmessage acknow edgi ng the enuneration query if the
enuneration querysbas mofe BrRepdr scaied N avida! ¥ 13¢ ohbeo Bt @l aim
31. further conprising including an identifier for the conmmunication

devi ce in thésseniarrdraith dre aqueeratiorQues. indthdesrataaibudsn ivanterBdhjedtur t her
conprising determ ning the nunber of nessages acknow edgi ng the
enuneration query. 36. The nethod of Caim 31, further conprising: 25
recei vi ngs nessageg0CconteNinftthcNWIECREMON 1 datiieiaNthe BrOddeBI thA€e of the
enuneration data.. 37. . The nethod of Claim 36, further conprising generating
a nessage cérﬁ{l%ﬁl#%?lﬁ@lst%r@ﬂ@ﬁ@%@r@hfe@hta 30 38. The method of C ai m 36,
wherein the enuneration data indicates a relationship between inventory
obj ects. WD 03/025820 PCT/ US02/ 29526 30



39. The nethod of C aim31l. wherein at |east one of the nessages

associated with the enuneration query includes data about an inventory

obj ect. 5wo®3/073se0 net hod of C aim 31, wherein the broadca®CTrsnyzsed t he
transmssion is approximtely thirty feet 33\WO 03/025820 PCT/ US02/ 29526 31
41. A systemfor inventory assessment, conprising: a communication device
capabl e of being associated with an inventory object, the comunication
device conprising: 5 a transceiver operable to transmt and receive
nmessages; a nenory coupled to the transceiver, the nenory operable to store

data in the nessagss; aﬁdsvéteﬂlri%?ﬁﬁéﬁtror\‘;%%sﬁ%nf QohesgEMDrY, the processor

operable to: generate an énuneration dquery Inc g an identifier for the
10 communi cati on devémaunicaven deatecaphbletafdrsry ssicdmedivithhe 1ﬁfﬁﬂﬂiﬁﬁ&i§jé@ﬂ .
gquery by the nscei v detect the receipt of nessages associated wt

t he enuneratﬂgéc Em%l‘:gfgdﬁgf%FﬂPﬁ%l?%e nunber of messages acknow edging

the enumgration query; a&a&céﬁéﬁw@rmet&@mﬁﬁﬁbﬁ{dreéenﬁ%éés%& contai ni ng

enuneration data, wherein at |east one of the nessages may i nclude data
regardi ng an inventory 2 akjryy uplsddotthe ttanseaicas ther mrgeryobpérasle to store

transcei ver. %]Qa fh%hem‘ésao%? em of Claim4l, wherein the processor is
further opera

a processor coupled to the memory, the processor operable to:
generate an enumeration query including an identifier for the
10 communication device;
facilitate the transmission of the enumeration query by the
transceiver;
detect the receipt of messages associated with the enumeration
query;
15 determine the number of messages acknowledging the
enumeration query; and
determine the number of messages containing enumeration
data, wherein at least one of the messages may include data regarding an inventory

object beyond the broadcast range of the transceiver.

42, The system of Claim 41, wherein the processor is further opérable to:

detect the receipt of an enumeration query;

determine whether the enumeration query has been received previously;

generate a message acknowledging the enumeration query if the enumeration
25 query has not been received previously; and

generate a message containing the enumeration data.

43. The system of Claim 41, wherein the enumeration data indicates a
relationship between inventory objects.
30
44.  The system of Claim 41, wherein at least one of the messages

associated with the enumeration query includes data about an inventory object.



detect the receipt of an enuneration query; determ ne whether the
enuneration query has been received previously; generate a nessage
acknow edgorig/oedseo enuneration query if the enuneration 2PCqusoy295a6 not
been received previously; and generate aizpessage containing the enuneration
data. 43. The systemof Caim4l, wherein the enuneration data indicates a
relationship between inventory objects. 30 44. The systemof Caim41,
wherein at | east one of the nessages associated with the enuneration query
i ncl udes data about an inventory object. WO 03/025820 PCT/US02/ 29526 32
45. The system of 441 ai 'Thg W8 it Ne whERA R YrodRRgartle dffiee trimosioel ver
is approximately thirty feet.

is approximately thirty feet.



