WO 03/ 025820 PCT/ US02/ 29526 1 SYSTEM AND METHOD FOR | NVENTORY ASSES&MEOrZtH()-2
TECHNI CAL FI ELD OF THE I NVENTION This invention relates generally to

i nventory managenent and, nore particularly, to a systemand nethod for
inventory Xexe¥i26801 . WO 03/ 025820 PCT/ US02/ 29526 2 BATRSFRAINS 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 5jthat it can maintain an adequate
supply. As anot her exanple, a business may need to know how many itens it
has in stock at different tinmes so that it can nmake economic forecasts

based on the rate at ' it cﬁﬂ( MENT exanpl e, a
busi ness nmay need to%ﬁ@ﬁiﬁﬁ@gﬁﬁé}:{mEg a%@?'%:'g?ray be provided to

a custonmer. Typical systens and nethods for assessing inventory involve

substantial 10 human interactio Fo 8% le, if a business wants to know
how many itenﬂIKﬂﬂHEé&LiiﬁhQéﬂi¥£5£¥§i§%J§Epnay have soneone count them As
anot her exanpl e, 1@%@&%5 rermys haWeraRy ©MIh@)Rey "Rltagemeny anin reoreher
manual or conputerlzed orm of itens as they arrive and depart. Thus, an

enpl oyee nay gartiularly! foa gvs@m@dmt]@qqﬁohgngrﬁgry assessment.
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nunber of itens in the inventory. Furthernore, the log may direct the

enpl oyee to an 15 item Unfortunately, having substantial human interaction
may | ead to several problens. For exanple. hunmans may nake errors in
counting i We3028820anot her exanple. logs are not al ways XEEHS&RVSMecause
someone may forget to enter an item into2 log upon its arrival or forget
to delete an itemfroma |l og upon its departure. 20 Furthernore, soneone
may intentionally circunvent the log for deceitful purposes. Thus,

i naccur ate i NVBACRGROSNESQFEMESINMENTIONI t. Additional Iy, having :
substantial human T nteraction may require increased | abor costs and may b
time consuming, edJpksdIeases JeqUire 2RCHIates agseSSEENIS AINAIE dNasEY fenanyaneen®

during the i nvrgggogg_yf&s&%ﬁ[&eg%usi}{gs9@@%?@%%@“@%@%@2 iﬁ&ﬁmhg: THE

| NVENTI ON The present i nventTt on provi tems and met ho

substanti al | y inetbhtkao that ieddoesinoatadl at itdre &5t csiomen®hérhenedis smt irastbdgersso

associ ated with previous syste and t hods i nvent ory assessneqnt.
et P a By

or
Accor di ngl y, i'Ratdt C%@ﬂtamwﬁuaé%&a Yrehif SNOEFXEMBICy NTSH R EEho

provides a systRy i niRy ieds ik iR §1986 HeffrereNeRthey 36 ®kt i€ ki makeconomic
accurately. In particular enbodinents, a systemfor inventory assessnent

includes a cdorransic besed @nabe rae at whisb| iemsfare seling. ads s additipnal evempie. 2
| nvent ory 0bJ §ffsineddiay T e s ARicfY o b AGh 1 1 JrbABEES 2 irondd.
: e t b 0

menory, and a processor anscei ver 1's oper ransmt and
recei ve nessages. Thypigzbrsystyms sandomptheds tfar agshssirtgr anveneryw énvodved substanpelr abl e

to store ta.in the nessagges. The, processor is coupled to the nmeno and
o oper abild ¢ GrERARETEIEn EPR FBRDI Hrr isuiess WawS FRAY by Sndmarets I b
transm ssion gf ifs hﬁ’ve‘ﬂf&?ﬁqf al ARVt on O Youlnh ehelnt. AAS GRIMET exadipll, tHR2 YilRMedsOr
nmessages associated wth the enuneration query, wherein at | east one of

the nmessages rmgy hayveiancimpleveganakerelgar wi aigenmanyn) encomputetzedforegfdtemst he
broadcast rangg tf?éy Llji]i@e a[‘n& %E&?a(f'@' ¥ﬁl§s‘, an employee may consult the log to determine the

number of items in the inventory. Furthermore, the log may direct the employee to an

15  item. - _
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. Additiohally, 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.



In certain enbodi nents, a nethod for inventory assessnent includes
generating an enuneration query and transmtting the enuneration query. The
nmet hod al so i ncludes nonitoring nmessages associated with the enuneration
query, 20 W®exs828t | east one of the nessages may i ncl ud®CAZISH/I9%8Yar di ng
an inventory object beyond the broadcast Yange of the transm ssion. The
present invention has several technical advantages. For exanple, in
particul ar enbodi ments, the present invention allows an inventory

assessnment to Qgimm%pqﬁpmmmmNmt ed process. Thus, the inventory
assessnment may” be conducted quickly and accurately. As another exanple,
in certain embodi neFhespreseneinvprtiasanevidessvaems and mediogs shat suhstantiallyreduce
assessment to &%[ﬁxﬂﬂﬁb‘%{ %qst‘éb@e%*??ﬂet disai Bages %E!E‘dﬁrel(&av{’iltlppreg?o\ﬁk CfZems HiS

t he devices may use Tow anounts of power, Whic alTows™ Fow power

consunpti on angtetheds foas@dntory kssedsmisar. nhedordingly aniao teastfdegeinsambadinaentd. aret her
exanmpl e, in sone enbodi ments,.the gs&eseng:i i q'\é’??bl on allaws for th%1 . and

i ncl usi on 30 ofreRERt DVERHRR POKIGES A SERTB A Gi5inoc: Bat a5sesiRs INYRALTY GFly an
assessment. AcgRuftegl y, not only may the business determnm ne how nmany
itenms are in the inventory, but also what type of itens are in_the

i nventory and/ or whnicparti¢las embedimenishe §vsigeh fr ipvertpryc assessaeni\mobsles 25820

PCT/ US02/ 29526, ok libdr it i 2 DBAIIDR b 8inliPA AN ARG AREoROHBectO T | OF

t hese techni caf vantages andfor a advant ages. er
t echni cal advagimag@ticationl ddwcer mrbiidey aapgwcevdr, komeiose anlli 4 Ipestessor.t hEhear t
fromthe follow ng . fi %ures, description, and cl ai ns. 03/ 025820

PCT/ US02/ 245 2 6iransCaiysr pg Opgraie it ENdrigeel AR RESS: THIE ETPRWE S5Umledifr es
provide a nor ewe raRdceiver Hﬂngﬁréﬁléi@ﬂo:@fdaﬁahﬁth& rese4te. OThe HroB&sorab boupidten

considered in | i%ht of the followng witten description, .
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 . wherein 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

25  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,



and its technical advantages: 5 FIGURE 1 illustrates a systemfor inventory
assessnent in accordance with one enbodi nent of the present invention;
FIGURE 2 illustrates one enbodi mrent of a comunication device for the
systemin MORFESLY FI GURE 3A il lustrates one enbodi nent &CTAISAE25ge
format for exchanging 10 information betdeen communi cation devices of the
systemin FIGURE 1; FIGURE 3B illustrates one enbodi nent of enuneration
data carried by the nessage format of FIGURE 3A; FIGURE 4 is a flowhart
illustrating HitferRemdbdifenRmay Ha0eHoHY, 6:2d, séthe, de dll OF thekdr@thricul adednegean
enuneration query for one enbodi nent of the present. invention; and 15
FIGURE 5 is aafd/enadditionaljte¢hniqal 2dViapgseshe operati on of a communi cation

device that respo i . j t he
ovent i on. w0 031 02ans R R EFABLAToEHRIY eBirsRRE G R R

| NVENTI ON FI GiiRfa the fdllonsng figwss, desyiptiamaddclaises. i nvent ory assessnent in
accordance with one enbodi nent of the present invention. In general.
system 10 includes a variety of objects 20 that need to be inventoried.
Each of objects 20 has an associated 5 comuni cation device 30 that is
operable to comunicate wth comuni cation devices 30 of neighboring

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 comuni cation devices 30 of
nei ghbori ng objects 20. The conmmunication devices 30 of these objects 20
transmt an acknow edgnent, which



may be any type of nessage, to the communi cation device 30 of the object 20
from which the enuneration query was received and ignore other enuneration
gqueries that 15 are related to the enunerati on query. The conmuni cation
devi ces maWQey®632Mh the |atter function by, for exanpl e, PEASAY29526
identifier for the enuneration query and ZXonparing the saved identifier
against the identifier in subsequently received enuneration queries. The
comuni cati on devices of these objects additionally retransmt the

enuner at i on qUBRJEF BESCRIPEIONOE I THEIDRAW WDNGSINI cat i on devices 30 of 20

t heir nei ghboring objects 20. The conmuni cati on devices 30 of these

nei ghboring obj ect Elepdoligveing o Bgyes REeNGAS t henesneempletst jupderstanding &0 thesf

the' object 2 ! LG i : Y, i) . gnare
ot her _enumer at Tt et £PeaanY ek SRRAGL LN INAREE Wt W SORT
comuni cat i on amdviscechnichl ddvastegdshi rd-1 evel objects also retransmt the
enuner at i Oﬁ query, m 'iﬁ{}_sils. recei ved %)%régommni cation 25 devices 30 of
their neighboring dBPLEts 1 USRS A SYsiEL I HHGQTy AsTerRen AR j2pcqrdange gyith
acknow edgnentgnetethbobignen BiMBE phdsOnt ifkeation;ar e recei ved. The communi cation
devices 30 of the |gwer-|level objects 20 may then begin, to report, via any
type of nessage, tdIORRE: Snibystraes: P embodipieat oha sonpmuypication cdgice fobjthect s
20 regarding theemlheeEeRENL acknow edged the enuneration query
transmtted 30°by the communi cati on devices of the | ower-I|evel objects.
Not e t hat communi c&HIGOIRE dA\illgsirate3 @nefembbiiowens 0D8 messagh donpeat ifprhexchanging

receive nqasacknow ed nts to their . transm ssions of. meration
query. BedSus dBHmEHLbE Y Rencommiicarion 4EVIER GBI P FSHRE 4502/ 29526 7
devices will expectFIGUREEBBIillgstrabd dreeentifidi@s of RatMention dal cafridi M the
period of tinme, nmay send rﬁgorts regarding only their associ ated object.

The data regarBesagetfpanat GbFIGVRESS be as sinple as that they exist or may
i ncl ude nore detail ' j : ; f : | Ady:
FRGURK R14PH00hart MUSHIRS the Berdf8A WPh Combficafibd dvice

nunber, type, size, a r location o mruni cati on devi ce and/or
obj ect. The cchatumiiiatas awenwiearationsyusty fof omd ghtndithenteff the present invention; and

15 FIGURE 35 is a flowchart illustrating the operation of a communication device

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



objects 20 may then report regarding the | ower-|evel comunication devices
and thenselves to the communication devices 30 of the even higher-|evel
objects 20. Finally, the data is relayed to the conmunication device 30 of
t he obj ect WAD03A2882@ t he enuneration query initiated, andP&R/USP/295260ry
assessnent may be made. 10 As an exanple 6f the process just described,
assume that the enuneration query initiates at object 20a. Communication
device 30 of object 20a would transmt the enuneration query, which woul d
be recei ved by -co/feR SRECRIPTEOW OFTHE INVENTIGN nei ghborhood, represented
by circle 22a™=-Ttre enuneration query nmay contain an identifier for tge
enunerati on query, FEOUREa illostratesra systemol? faeinveriary assessmeni gn perardgaee wit

enuneration quer . determne if. e, I t ratid
ot evi ous! y " an R PR MRS, Pt ThaRlor A et ¥ 10t O
22%; i C;g_nt alBjet zcﬂ&guél fide@rtof b ifveatociednuBachanl @hjedtsv2@dias an agsagiated
i on devi ces | recej ving.the epunerati W .
whi ch commiini cempwAicgEdT d6vige 10 thap ds ﬁ@ﬁ‘&gféAW F@%ﬁgg@;%ﬁﬂyé@‘ﬂgﬁ&w

conmbi nation of; AULPRY §f nbighBdRing obfetPRY, whidhdallst &1 fverkbryoto Hengkeat siethef or m
of indicator. dﬁ' e nel ghborhood”matgl%é for exanpl e, be the broad(r:]%};t range of
gon’.rm{n c?tlonodgaisd& 30. Note that the broadcast range could be affected

y interference, recei . Lt Ve [ ; 38i icati
capabi 1111 o a5 wif oPYgiof SR dnihbdhuorddod G BIHELS PHERERD! Mmunication
illustrated, @ewerB3DItdnernfdre bbiectsGranémitsire enunZPatioangierys whieh awyibgrany2s

devi ce 30 of object 20d recgive the enunerat,.o el Vin: :
communi catlPon tm¢%@§5ﬂag%ﬁbdl‘ﬁafln&ﬁhaé@ﬁﬁo ° H&‘?’?ﬁﬂf c‘l'gflg ?ﬁsé}éggﬁn}graa | O?]athohgfifa
which is rec%ﬁﬁﬂisb%cggmpl&a{maﬂgﬁeﬁi&eic@ 30fofoligiblorin@ objettse20. The
acknow edgnent” may 1ndicaté sonmething as sinple as that a f nmuni cat i on
devi ce has r eceimnemidatien denigesep@of gresebiests 20ransmi an aakpay 385‘5‘8% ﬁg‘fﬁh t he

comuni cati on devi ces Q ' L £l far ; d/
the associ at _edmﬁ'bﬁ’eeﬁy {Ty??g_toiglégagg’ntg\% éeggneh{ll?:&?ﬁfjds&ciet%m%%tpg nggb%gg grlaigll eO{ 0
det er mi ne whi Gfhief heQmImBioh iqaery via\reeied 30d sgrdtoothehénuptesativg quergsoibledged

the enuneration querg. Vari ous ot her " :
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 neighbon'ﬁg
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

25  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



WO 03/ 025820 PCT/ US02/ 29526 8 data may al so be included in the

acknow edgenent. In certain enbodi nents, when conmmunication device 30 of
obj ect 20a receives the acknow edgnents. it adds the conmunication devices
to a |ist ¥O0@¥RA2AI cation devices from Whl ch it expects PSTUSBYESYe an
enuneration report. Communi cati on device 30 of obj ect 20a then expects 5 to
receive enuneration reports fromall of the devices on the list before the
enuneration query is conplete. A tinmeout and error sequence may be used if

a comuni cat idenicde wilkl @xperk aowemaigeso the elecicesypediapoafieruegiyen bedod of fige! 0
send an enuneration report. The co ni cati on deyj ces 0 of obj ect 20b and
obj ect 20d al SBaY &eNdaFRPATLS reg@gﬂpg]ém n r%?%e‘gﬁmt tg £ 1543 regayding the

their nei ghbord%ﬁ&%a& 6PLE HxPieeﬂ (B 1y i or 31%9 1&%0&%% |d€taagdjmf rmatlon

respectively e communi catron devicés may also i nclu
t hemsel ves in suble asetfoanswaimpleedthenserid anunger.q dmey sw tamiforr éQf;eﬁum rrg“ the

comuni caticon devices w ||l knowto C oY 0.to

respond. Wen § Wéﬂ%%%ﬁldg‘gﬁ 8'}9/%1' bw%gs Qg%%%w % e¥5g%f J'gél(e:]i leéf)]d
retr an;csm t  1bjdees 20umar &Iencepqueafgsa:dmg tﬁaelwek-u&bzamﬁdmﬁwbt?mh ldllsxntefs dride
uer rom eac i S recei t communi gat i.on devi 0 .0 e
Gther obj oot o MeFRFAVES D) e ComBuniGRPT dFBER, 5 of % Fiffe FRR POVl A 2m
obj ect 20b anchemr@afe dafis réiRRA 16 BedoRtmuridiion BEHERD 6fthe eejeehew \Gﬁer§91e°f

obj ect 20a di scer that the ‘enuneration query is one that

previ ousl y pr coumermtionqusrytimitisted,dodsn nmennoesq;smemem may, bmactah may heI p 20

avoid | oo and reduce rress traffic. tJd cul ar

conmmuni ca!tql%on devﬂ%eaﬁﬁx%}f‘pg f t@f p%&swt geﬁﬁ‘{:esd J&ES nﬁﬁg O?P"Wmm“

exani ning an Iqaefyohitiateg at ebyuaezoat iCommtiLidayion b€ 130 bfobjécd 26 wolideansmit

communi cation devices ncluded in t ui%bret ransmtted enuneration uer%/
She

Addi tional |y, PHEERTEHINN RED, HANLELSTFCEI e epmpripatign devicerwityia |

tZﬁeenum%'r at i OnhefNBhhobd, eblelans Bt e ot aonrﬁeevmﬁﬁ‘erﬁ%noau&wnﬁfagl cctitfin a3Nd

identifier for the enumeration query, so that communication devices receiving the

-~

15  enumeration 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
is 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 objects also discern that the received enuneration query is one
that they Maves/ass2oi ously processed. The comruni cati on d@€TdEe2/288% nmake
this determ nation by examning 30 an ID for the enuneration query, which
the other included in the retransmtted enuneration query. The

comuni cation devices may then decide not to respond to the enuneration

query. WO 03/ 0&%5;?%&?'%@5/ t&ésﬂ@{ua%?rﬁrhe%cﬁ&lfuhétﬁdemeaﬁ It &iﬁaﬁpémyéuxﬁ@ﬁt's ORndevi ce

30 of object 20c w receive enuner at i on query fromthe comuni cation
devi ce 30 of oﬁ;qrmnmmmbnadedmh:é) ofe@hlcm.@alrmlméhg/aﬂmomletdtgmemsmnndﬂsahq on

devi ce 30 of object ni.cation.d VI ct. 20c

Choose whi oh orEnigRtn FaEes oL THN B i tn SEFS fBhm ST, SRf™
enbodi nent s, tﬂeeelc@mmmﬁtﬁcmrreﬁm | Comwiunlcati®s@aied 3006r obfpdty 04 t‘ﬂehQQpé&bery
recei ved flrst and ignore the second, althou?h ot her orderin priority

schemes may beoj FFﬁF‘é‘PreﬁWfa‘PBr repprts, famally oF ghe sisuises onsthe Stt hgfore the
comuni cati on gﬁ}ﬂe \%é/ 1e@0dA tﬂﬁﬁiu@%ﬁdt gré){' %?cﬂf%gge tnga e %egblf a

enunerati on query nication device

Accordi ngly, camunummnonodtvmevam\sladgn% hbjepumeradion \quety, rbat:émisetonernd an
acknow edgnent of its transm ssion of the enuneration query. This

communi cat i on "('.1‘8\9 R8P XERP™ hen report the inventory data for object 20d to

comuni cation devi CEne3ébmmiiiniOdljodGlevid€a30 P objecte0Bi fid ccvjedx l2€d ava i aishin
query fromthe comuni cation device 30 of object 20 conmmuni cat i on devi ce

30 of obj & 2the eRHRFAUPLAWEY 1@ HIOSA 9 Jéﬁer%mr.r@pghaeé\og)dsaﬁﬁprﬁemearbyrﬁltc&e t he
enunerati on qugy an&% rEl*éewElbéegﬁeEﬁ 49, %é&t) hidiSatio B%W&%&@Q%Qo ifcdRfeSRap ed
j ect 20 c} 1)] ect

by circle 22c. [fistT at are Wt |nthe
nei ghbor hood dbrt memselaemuml cthe i ostragenmitied. eﬂ'llrmaptldameqmmmm ¢t | oereivikevi ces
30 of obj ect 2Ootl?nn%anca%an%%;[ncezsovgﬂlvﬂnow to (il(leclhvc%rr;[nrl]uei\nc%rt}%n E\%Eé 50 toq‘lésepro\{xd
When the communication devices 30 of object 20b and object 20d retransmit
15  the enu;neration 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 discem 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.




transmtted by the conmmunication device 30 of object 20c, discern that the
20 ., enuneration query is one that they have previously processed, and
send no acknow edgenent. Accordingly, in the exanple, comunication device
30 of objed003@&20i | | receive no acknow edgnents to its PCAASABSON of
the enumeration query. Upon determ ning that no acknow edgnents are
forthcom ng, the comunication device 30 of object 20c nay report the
inventory data for object 20c 25 to the communication device to which it
transmitted the ackngwrRegRR commmdmicaisiGe 3@\0fabj@D 20t will mceivetbe in
this exanple. Note that comunication device 30 of obj.ect 20h W | e
Expecti ng to f(mwrm@naqn@yoﬁpmf Hsrcemmumisaton dsyice A4, ° e°cb:§?§t0‘f boBTchtFe 20c
ecause an ackno [ d Lt C ngBjéd k CHId. on Vi ce
30 of object %Bﬂrrégo&%éwrﬁ@nggﬁg%? eﬁl{é%mn?%vgtéi gg ggvi celtB?Ca)adrray:rgiport
it al ong wi t hedrhmuhioateon devicedtod object fojnaytchoots whick ofitia SREBEIRGON QeVicte 30

of object 20a. nmuni.catj on _devi 30 of ..obj ect 20 . '
2l ong wi t ¥ WOUSKOPEESE perees 2rpuasnt: Yo e fcao kB I sphed 8" 2
comuni cat i onegle¥drafon3gueddy reddives tirstOhdf ighiord It eedhd)althpugthether ordeting oat i on

device or another device. As discussed, system 10 has several technical
advant ages. Fpromty sphsmes mayheigpensnitdes aut omat ed devi ces to conduct the
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exanpl e. Bl ue ant “devi ces are supposed to have a
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 20c

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  mayreport 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



broadcast range of approximately thirty feet, which would not reach all of
the objects in a large warehouse. Accordingly, the communication devices
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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,

25  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, L.LE.E.E.



device may be coupled to a data network, such as the Internet, a LAN, or
any other type of systemfrom sending data fromone conputer to anoi her

so that the inventory assessnent may be initiated renotely fromthe ’
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15 .-FIGURE 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,



12 and/or generate a nmessage containing data from nei ghboring conmmrunication
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the appropriate format for wireless transm ssion, such as, for exanple, by
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section 130. Headslatilsetsciromagnetic 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



110 includes a destination address field 112, a source address field 114
and a payload size field 116. Destination address field 112 contains thé
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Source addMaxey/@s&hd 30 114 contains the address of the cE&KIPERSION -
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Additionally, header section 110 and trailer section 130 may contain
15 additio;\al and/or different data. For example, 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 2 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,

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



20 130 may include a tinme stanp. In general, any appropriate type of data
may be included in header section 110 and trailer section 130. FIGJURE 3B
il lustrates one enbodi nent of enuneration data 140 carried by the data
field 122 WO mes80e fornmat 100 for an enuneration report PCRASII/95% r at ed,
enuneration data 140 includes inventory data 142, such as, for exanple,
part nunber, 25 color, serial nunber, size, and/or |ocation, for the object
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tree data 164a-164 _
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




The data in call tree data 164a is also illustrated. As shown, this data
includes data for objects that are great-grandchildren of the object
producing the enunmeration 15 report, represented by data set 170a. The
data for tNeO®#28%80 i ncl udes inventory data 172a and cor PEIASAURN cal |
tree data 174a. As can be seen, enumeratidn data 140 contains inventory
data for the object of the communication device generating the enunmeration
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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

75  communication device generates a query identifier (ID), which may be 2 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 communication device sets a timer. The

communication device then determines whether it has received a message associated



conmmuni cation device that wll receive the enuneration report. Thus, to the
comuni cation device that will receive the enuneration report, the object
of the conmunication device producing the enuneration report will be
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comuni cati on device associated with data set 160a w |l be neighbor 3.1.1,
the object of { Qg icOBIMNraAn QRrARVICRIAION 4EATHE tdnslahiRatichedevi@QRawi | |
be nei ghbor 3.1.2, and the object of the communi cation device associ dted
with data set dererming this b:eemlgmsmnl@ in. the recejned oregsages. i ary. cll ¢ pamiewlan 5
structure may o t

structure may Qﬁb%ﬁgrhuﬁ’q ?gﬂc %r\? 'he L@%J ec g&g‘fﬁy odreggse(si%sé‘)tnrrﬁgeg‘egt
per f or mance. AhabstmgagrasEcbcﬁiﬂRE Bihi tHeusnuraemﬁoron@-lembdtb rentmwficatibe  device

i ot For o atrpinesngbet WRER G <GP gy SabE blgaoaoi of IS pel o

demar cati on sysiagd Sithe | 8smintnichidn | devd® ret@Rild RS aae&ﬁoﬁabmcwﬁvd or the
conmmuni cation devices. As another exanple, the enuneration data nmay be

arranged i n arSprgpunication; dexiceovibr cafiBue 1 GURE hetvgen derisigghblogk 480 and

I I'lustrating t&%ls eﬁl@&l& 23Y %tll%ﬁ?{lﬂéﬁrﬂ ﬁ@sa@%ssgﬁﬁbﬁ%tﬁh‘g &?eratfo% uery
exanpl e, conmuni ¢ati on devi es an enunera qe

one enbodi rrentorahemlnerexpnemtlon To begin an enurreratlon query, the 25
conmmuni cat j on devi ener at es, c{€¥ i dent.ifier whi ch Ia‘aﬁ.lﬁe a

uni que i déhtifier ¥oMet ﬁ%mﬁﬁ‘@}‘?“o O GRctER b1 esa ag§QEijted; fath the
communi cat i on G@uiefRionIfRREY BbBfe MR tRRHEY fpiﬁé ,QHe %ﬂmﬁnﬁfané# Qedite BelhRinks 408
and transmts the enuneration query at nction block 412. The enuneration
query nay contwhaetherrthe messager isean acknawledgmentodf khe\nnwera@gntqmw athéecision
comuni cati on gs t h on.q w.wher e
o respond, ariras 92, find SEGE 5% dRGRERATN, B MShhylddon BRE' 2
communi cati on di:eanndzfessﬂteﬂaeatha m;nowlidi@nemmmwndemfotm dmnnmﬂcmhﬁmevme at

det er m nes, whet her “i.t. ha ecei ved a .nessage. assqci at .
15 &emsnon blogl( 23‘; ’Ehe commumcatlonad%vxce performs tﬁls 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,



WO 03/ 025820 PCT/ US02/29526 16 with the enuneration query at decision

bl ock 420. The comruni cation device nmay determine this by examning an ID
in the received nessages, if any. In a particular enbodinent, the IDis
the query M®O¥M582he conmuni cation device has not recei ve®CA/USRHEYSHye
associated with the enunerati on query, thelTtomunication device 5

determ nes whether the tiner has expired at decision block 424. If the
timer has not expired, the conmunication device returns to decision bl ock
420. The comMypivevdri AR nfteikice & M dnimeifibh FepRNt e YRRt 8EVickaTeh&indies

bl ock 420 and decision block 424 until it receives a nessage associated
with the enunemdethenthgraumeragion reportis irsendgd for ke communicatieredevigeral feeiaion on
devi ce receive S aci.ad ] : e ' : Y, 0 t he
i mer expi e, MRS Bamt SRR Sl  hldfiucarll B A A BB AcHECORE | 0
an acknow edgmeammuhichtien éeviceestares the dgraen yheadnuoheratish oeportdt dudetid2 8lock f444 he

nmessage i s an acknow edgnent, .t he comuni,cati qQn devi ce determ nes whet her
e adenon gt ieroierth & s io eprer BN i NS of ey SRS Tpript | on

bl ock 432. ThebrRRAUSI THE LAAMUSNMATR dReick BichFedelt the ARRE XFufictiod bRKW18 sh#at
It is not processing an acknow edgnent to the enuneration query that is

directed to affSemsto eyshnghetvaensigcigionibdack 4PQecand siepisionddedkot?4d el kavaves

acconplish thig by [ n. tifi i at .hat « j hdi cat es
t he i ntended C%‘MHP@E{%%n 8& (lzge grhﬁ?ggdrre@gagg ﬁ%ﬁﬁlﬂga{éc n%é\kjk gdgtﬁ%nt
i s i ntended focomimanicationdevied ialo r2setsd ehei trmer athfncoommbiuck a4 liommdd earugie to

i ncrenment s vari.abl.e stor,ing t er, of ., . nei.ghbar,s for the

conmmuni cat F@n H%C\}’inéé)e‘a‘feef‘_&ﬁ@g%gﬁ’ﬁ?gg@a‘%‘%ﬁcwﬁ?&l@% ni cation device then
resets the tiner atOhbdtheitRier Ha®etpirtd Sihabsminhiehtich deviceYdetdrithed Sl W& on
deci sion bl ock 420 and deci sion block 424. |f, however, the acknow edgnent

i's not intendblgck 682.twhethss itrhan recaived Anuresration reparts framnall of dwtcommuniaation
again resets tﬁ'&igﬁé é&%rﬁi%&gﬁgﬁﬁ'tﬁé Shndr R qtf. 39nd EdthBRickRdneblde s

bet ween deci si on
received enumeration reports from all of the communication devices that

15 acknovx-zledged 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
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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



deci sion block 424. The comuni cation device resets the timer in this

i nstance because the nessage indicates that there is activity regarding
the enumeration query. Returning to decision block 428, if the

comuni cat Manodess2ee deci des that the message is not an REEABK/VEYnent
the communi cation device determ nes whethe® 30 the nessage is an ’
enuneration report at decision block 440. |f the nessage is not an
enuneration report, the comruni cati on device again resets the timer at
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representi g tdesicaunbidd mRt kavanier BRIAD rd SONRIET £ ?hﬁnftctki“‘ém'%d\é’i%%’i&tgb%‘%r The

comuni cati on devi trrﬁ‘a‘?? e =Yg icemmn i
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gowever » ht he tane set atkrowledzpments iasd/anteppms epREkRPS dRaintARINERARIAL-c étSiSBHI r
evi ce, e conmmuni cati.on,device al sQ res t| f |

416 and r et ur rASOYHET e’iﬁ“@?’cpﬁencgo%'f%azlﬁncfggﬁéis%%”?hgf oa(‘:JEEQ?Z%I'aAn n@ggglg%sgtkock
bl ock 424. Onfﬂ%g : el HBher186ps P bE@eking. NEhe commummicationadevibevnayedalgtiebyi nes,

at deci sion 452, whether it has received enuneration reports f
al | of theOconfonekantlé,compdang 8 seceivied Messags GRrBH PEEVIPYS Eﬁ‘i&iﬁa‘f eF%ﬁesq\ngTy.

IT the com‘runiéégﬁtﬁ_linon wee\ﬁixecf't?trx]%?é?gﬁeglgf 'rl])\oé re@éWéH??r%{'ibﬁﬂyI Alaitionally, anwidllde of

t he conmuni cat VI CES edged e enuneration
) _ uery, th
process of gatldeistgditinatélovohart 420 @uidreadilyde expregsed|as a Sﬁéﬁ/@@@@gt hey ©

communi oati on devi dISUHES 5 adtagdn LRSreaht A SEpaldhter d bafhicatin | Ne
has occurred, g@Rke! Recic QBIMBE Gakme, domimeicgiorerdevies 3y that espondss Ageanat
15 enumefation 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

[$S]
wn

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,



function bl ock 456. The process of gathering inventory data is then at an
end. 20 Although a variety of operations have been di scussed with respect
to flowhart 400, other enbodi ments of the invention nay have nore,

f ewer, ' andWo oxizb§2er ent  arrangenents of operations. For @£AMIPU29526

comuni cation device may not reset the til®er at function block 416 when a
nmessage is not intended for it. Thus, the conmunication device would reset
the tinmer only when it receives a nessage intended 25 for it. This nay be
beneficial in t t ty Vi ce
may not check %@?ﬂdg&%ﬂh&%ﬁ@ggxﬁﬁ%alﬂg :Tﬁf gﬁid@gﬁl 152 %#OIH (%ng ecl stl(hg klg‘{}atgﬁs
432 and 442. Thmmn&mlyonhmsgeatfmw@pnblmhp% i f rressage f or mat 100 is used,

because the infor rra | n t a neve roces ccor dj to
the operations ill u %H’“b?E’F‘F{Ei@ gﬁ? cgéx(xjn @8 g“’ﬁdﬂ?“i ﬁﬁxer The
destination adddsm&nﬁﬂhcfri &dvitetich dderhiinddGihetiadk Gthak h@ceﬁféarae@éssﬁ)ée dsh&ciated
comuni cation device. As a further  exanple, if the nunber of

acknow edgm‘ent ¥1th She enyperatiancgiernat drGisiaarbIegk 528 has CAMMENIERI9rderice srast ved,
the conmuni cat kg ”eﬂﬁi{ﬂec Cexihind &h "t 'irﬁtaemte&%%é’\% GRAQ2082 Qefirlinkiid?/ 49376 18

enuneration query. As still a further exanmpl'e, the conmmunication device may
keep track of capmypiceion d@/sc%baénm 1geRj¥Qdl @ Heessagenassesiaterh withethe quedy,vthe ch

devices provi goggﬁnﬁﬁgﬁ\;\fzorn%e\/ 3¢ B?c%gréwthgtrhgg @gzxme} Hgs &%Wé{i' H{ c?e%ﬁsq%gbr}?%.iﬁe OIV?HV

be able to in

t he communi cat thenirberchay inoe expirddd theadontmmuscation mavm a¢t0ms. t6 @acision tlevk e
acknow edgnent s, and or enumeratlolq reports, aps nfaining a_list of
t hose conmifhi Ak spmpwpicatien devige Wik tg’é‘ﬁtmé &E&éﬁf ’ﬁt@ Black 648 pedort s

or perhaps mai gd-3didH BgciN9 fhl’ﬁﬂ it RBeifld 4 fness%@@&ﬂ&rxat@d( ml tRe ehlferation quer

comuni cation device may be able to anal yze nessages to determ ne et her
| oops are occuprthetymergxpitssnmuni cati on device may do this by. 10 for

cxample, COaring, @ GRCeb{ELalBARAEAS° ISR ERMIRY dRERAE iSRS
Addi tional l'y, edunvrdtiontiiery 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
is 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



understood that flowchart 400 could readily be expressed as a state
diagram FIGQURE 5 is a flowhart 500 illustrating the operation of a
comuni cation device, such as, for exanple, conmunication device 30, that
responds t waps/02s®oenuner ati on query for one enbodi nent ofPCTHE02/2852nt i on.
At decision block 504, the conmunication d®vice determ nes whether it has
received an enuneration query. |If the comunication device has not

recei ved an enuneration query, the conmunication device waits to receive

an_enumer ati onseuery hakeHeCls ! itsliqs n RdnerbRbBAC hmirhGyBRIRER! O

guery. the comunication device determ nes, at de Ision b
whet her it hasdgcmuegs\ehbthﬂeth@mumratqnanpmsrlytepd@vﬁooﬂml opmrfRgricatoaripliee t he
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t he comuni cat ihanthedmuineatios treporsistrot d&endﬁd @6r Dheighboridg. cobfmuniaiBy @evicd he
conmuni cati on deV|ce has ggé proc ssed the query previously, the

communi cat ibn HEVNEY aGRATR SXAWRWFEATYREE AL Yh s messagen cifithn
bl ock 512. TheeamknawneAgoRNE dE?XntbﬁlfchUtG? coxﬁﬂmh ﬁtflé}f dbice, %Hé”zgﬁﬁhfn&@ iSyery.

an | D for the conmuni cation device, data about t associ at e
and/ or any ot hé&vl@p‘psﬂﬁq:)thﬁatreerdafmcndmblocbn%md:a:tummtod@dmgbetweamdmlslm t he

nmessage at fungcti,0 514.. A n on bIo k 516, the conmuni
devi ce gener at @8%2’§)?{1?Cﬁ§|¢§ﬂ“o‘ﬂ°‘gi?éﬁyq%§8‘ga"ea T ARMEIALAN ISP 1BIGH rtjafl on
query. The gengeat@fmenidafdratdeoide que YofBuntanéaidevite §itbrekOthet Ba [EGRd ved
enuneration query, an ID forhéjmhe communj cati on device, so that any

comuni catitbn udesaliondeRar, AhknetiaR Rlpgkna 0atssels thpiamer %fllPCt’fQﬁcMPWe and
respond, WO 03/fAgp38Qy Eﬁ%ﬂ@@ém@@@ﬁm blotk3RE/and d@éﬁésﬁh BEJck3BRr opri ate data.

The communi cati on devi ransmts the enerat ed enuneration query at
function bl ock 520. lermnmtﬂt desisian blogk 532 oncé thectimenuerpiras,i the comwiupraserar t s

a timer. The c?e%ﬂ{é‘éig c%% r{eg t%@é’lgl&? b o@ﬁ%@j%hempr Sas%é%fv@ enur'rtlergt?gn rrefe)gr?sl ved

a nessage associ a
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

25 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 the communication device. As another

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




S with the enuneration query at decision block 528. The communication
ggrgce.na¥z forlﬁxaﬂple, exam ne an E) in a nessage to nmake this
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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

75 FIGURE | 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.



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

deci sion bl ock WD 03/025820 PCT/US02/ 29526 20 532. If, however, the
nessage is an enuneration report, the conmunication device determ nes

whet her t hav@m0P8828ti on report is intended for the comuniP€I(US8H2%3/i ce at
deci si on bl ock 552. The communication devdXe performs this operation to
ensure that the enuneration report is not intended for a neighboring
comuni cation device 5 and nay acconplish this by, for exanple, exam ning
an 1D in the nmessaggtholbh hRariegrofrembatinoents kavertieen slisaussed miithrmtepect tor the
communi cati on device, the comunication vice resets the ti at ..

functi on bl oclpreem inyRNtOR: ¥ TELY BF %‘{?qunﬁg‘%@’é‘f’ﬂ%e“ﬁgﬁg‘g?%’i&oﬁpd tﬁﬁrﬁg@?ng%lsand
deci si on bl ock .232. ]| HOMA deBRIRdly, ithe folloRirdadaifmer

t he connunicaf?ggg53@@83@%$ﬁ%&ggﬁ%%ﬁ?%&?ﬁgﬁﬁgggiqe sté%%s the data in the
10 enuner at i orrd Pt to edvef suvhtadditiond, delkti@Bosubstisydens, anddransfasnauanss unct i on
bl ock 524. and returns to cycling between decision block 528 and

di scussion bl ock 532. Returning to decision block 532, once the tinmer
expires, the communication device determ nes, at decision block 560,

whet her it has received enuneration reports fromall of the communication
devi ces that acknow edged the enuneration query. 15 Note that the nunber of
comuni cati on devi ces acknow edgi ng the enuneration query may not be the
actual nunber of neighboring comuni cation devi ces because a conmmuni cation
device may, in sone enbodi nents, only acknow edge one enuneration query.

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

t he conmuni cati on devi ces that acknow edged the enuneration query, the 20
-comuni cation device itself generates an enuneration report at function

bl ock 564. The enuneration report may include the data in the enuneration
reports fromthe other comrunication devices. The comruni cati on device
then transmts this enuneration report at function block 568 and the
process conmes to an end. If, however, the comrunication device has not
recei ved enuneration reports fromall of



25 the conmuni cati on devi ces that acknow edged the enuneration query, the
communi cati on device generates an error nessage at function block 572 and
transmits the error nessage at function block 576. The process then cones
to an end. WO 0ME588 fl owchart 500 illustrates a variety ofPCAAEPHISYNSs for a
comuni cation device, in other enbodi ment23, a conmuni cation devi ce may
have nore, less, and/or a 30 different arrangenent of operations. For
exanpl e, a comuni cation device may not reset the tinmer if a nmessage is not
i ntended for tﬁm@qg@ﬂmﬂﬁ)g:devi ce. As another ~ exanple, the

conmmuni cati on devi y eck whet her the nmessage is intended WO

03/ 025820 PCT/ US02/29526 21 for it at decision blocks 540 and 552. This
may happen, for exayple, ,if_0ess for 100 is_used, because the
nmessage nay be igno?}e)d s’i\r'snwexpﬁ%r%gge&%ggﬁg%ﬁleggﬁ?‘é‘ggsm%oes not match the

address of the comacémmathiemichedevize capidletoffitigEoceated it antil@ntory object,
communi cation device may .reinitiate the enuneration query if it has ‘not
recei ved 5 ¥ epBf COMUBiFAtPn deyice;QBPESREUNI cati on devi ces that acknow edged

the enumeration query. A£gaftdildr oRefabletd GansdiitdHll rieeitdife&REERLNI Ccation

device may send the data received in the enuneration reporis along with
the error nessage gener a swmery céupled foothepranskei T2 theAnemoryl bpeaatde e store

exanple, the c [y i i deyjce may be able to analyze nmessages to
det erm ne whet(ﬁer qgig)%tseg% %s’g%dcurri ng. As anot her exanple, 10 the

conmmuni cation devi ce naya protesg@iuenplee tathd mentorgthe poteRoK opskhinel g Bderatd hi S
coul d happenh, for exanple, if the device used only a tinmer iin determ ning
if the enther® FOFPCRAIIONAURRS 1@ GBEHItE dhe TaRsmission 01 the enumegation geery &xdhg y
under st 00d t hagansédi@pCHRI b rQfof Qiééélgéeas%té‘cﬁﬁﬁﬁ tﬁeserﬁnﬁ&agfoqu@lteﬁg WABReid N

particul ar enbodi nents, the data collected and transmtte | ower - 15

| evel comuni citleashorreof thesnessages onayanciudiadaia regarding hwinyentosy ofpjpetrbeyends|
devices to d i lLat | i .bet ween the conmuni cati on devi ces. For
exanpl e, an ﬁh?é{rgﬁg%eﬁs{'ﬁgg? %@5?%%?&8?{? cation device mght include data
that woul d allow an
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.

SO
w

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.



upper -1 evel device to determ ne which conmunication devices responded to
whi ch  conmuni cation device. This could be useful in determ ning geographic
| ocations of 20, communication devices. In certain enbodi nents

conmuni cat W6hoXMS828es coul d acknowl edge enumerati on quer PSTUSPEANHI ti pl e
comuni cati on devices, which would allow 24el ati onshi ps between the objects
to be determned. This could also aid in |ocating a comuni cation devi ce.
For exanple, if comrunication device 30 of object 20c in 25 FIGURE 1 were
to acknowl edge an epuner gl ni cati on device 30 of object
20b and communi cat i ?)'n de%é:geyg%egpgmgﬁ g'gl&go  then it would be known that
t he comuni cati on dtheiprecessorus firiher oparabde trareotiveowessages ofntaining leaudiatiamd
circle 22d. F gtt,he[im)re, if the fact that comruni cation device 30 of

obj ect 20c doe Aot respond to the enuneration query of conmunication

devi ce of object 20theinserhdt9lisisiRebbl3Q stdreheichumerdtion 8#a known t hat obj ect 20c
is not wwthin the area where circle 22a, circle 22b, and circle 22d

overl ap. Other techniques, such as tine delay of arrival, could also be
used for |ocating opj ectsne W36 238306 RAILFARL 3ARRG oA RRIMBNoFerititl kSt Y
of enbodi nents have been discussed wth respect to the present 1nvention.
a variety of agRNetalohHesHEE eentaintg thagmuneraiondale, and transformations wil |
be readily suggested to those skilled in the art. Accordingly, the
following clains are neant to cover such additions, deletions,
substitutions, and §ransTiw sptémns. Chith 053/ viksdR 0the Tn\édtibf dataAiddatds S
PCT/ US02/ 29526 iﬂ} A sggtem for inventory assessnent. conprising: a

communi cat 1n HARCRMIR BEISPRIYENIBR] S soci ated with an inventory object,
5 the communi cati on device conpri sing:

0. The system of Claim 1, wherein at least one of the messages associated

with the enumeration query includes data about an inventory object.

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

is approximately thirty feet.



a transceiver operable to transmt and recei ve nessages; a nenory coupl ed
to the transceiver, the nenory operable to store data in the nessages; and
a processor coupled to the nenory. the processor operable to generate 10
an enumer aW®es/3s80y, to facilitate the transm ssion of tRETABOMIIS i on
gquery by the transceiver, and to nonitor »gessages associated with the
enuneration query, wherein at |east one of the nessages may include data
regardi ng an inventory object beyond 9 the broadcast range of the

transcei ver. 15. Thg sys f ofjrg w? i %@ .processor is further
operable to deternine a‘%%%éérﬂtf‘%lﬁ{eéﬁ 3 %én%gﬂﬁ §%$F%n query and to

i nclude this identidét@hmuniciivn deeivanBpabld aitbeffigedsyociated WHE af yileidhobdbj€drai m
1, wherein the processor .is further operable to: 20 receive an enuneration

query: det er i 18 CQRBIURICALONAEVISE FBIPEFINGN query has been recei ved

previously; and gener atgedhsTBSPASRIBLE VeI Hhelddfescnuneration query if
the enunmeration query has not been received previoudly. 25 4. The system

of C aim 1,5 wherein the 1peanséersmringsiataiptheanesspgesiabl e to i ncl ude an
identifier for the commupicatian device | mer ati on .query. . 5. .The
rm:a%? Fo? g@@nﬁgr b ¢ P\Eﬂrelféﬁgn %%g x ?%C&}Xa‘bl‘& élP )

systemof Claim1l, wherern the process IS er e 1 ne
t he nunber of tEsmdgEn ddkamedgionquerdygarenuner ati on query. WO 03/ 025820
PCT/ US02/ 29526 24 -.6. The stemaof Caim1l theug,trgoc.essor is

wher ei n;
further operable to recdP?ARSAUSEYYLENE GiFF R #‘?éocé%ffﬁﬂ%meo‘?? LRGN QUHY: t he
menory is operghdrginia 1&E06R $ftRe HRKABEARRP theflledata regarding an inventory object

10 beyond the broadcast range of the means for transmitting and receiving.

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 receiving messages containing enumeration data; and

means for storing the enumeration data.



5 7. The systemof Caim6, wherein the processor is further operable to
generate a nessage containing the enuneration data. 8. The systemof Claim
6, wherein the enuneration data indicates a 10 relationship between
invent ory M) ex258200. The systemof Caim 1, wherein at | &IUSBHYISH the
nmessages associated wth the enuneration2guery includes data about an
inventory object. 15 10. The systemof Caiml1l, wherein the broadcast range
of the transceiver - is approximately thirty feet. W 03/025820

PCT/ US02/ 29526 ' 15,-11. i n isi.ng. . a
communi cati on devi céﬂcapﬁ%fﬁgﬂgﬁghaggw féétfe%ﬁ%%?ﬁggﬂéﬁnﬁ\?@ﬂgéééy&g%j Bt ,
t he communi cat inessageestntaning thpr énginaratiomdatas f or transmitting and receiving
nmessages; 5 neans for storing, data in the nessages; neans for generating
an enuneration query and facilitating the transm ssion of the enuneration
query; and means f org MONTROEyshh BE TIAGE $6,2058€inathe Centirlebhtioh Edadd iHlRdatdsi £N
query. wherein at |east one of the messages may include data regarding an
i nvent ory obj etelationghipberyigen iNentpRyebiRest range of the neans for
transmtting and receiving. 12. The system of Caim 11, further conprising:
means for determining an identifier for the enuneration query; and neans
for including this I9entTHd eysttm ¢fh€lamubtr athewn qudeast chd A4f3 theThneessagsg em

of Caim1l1ll, further,conprising: . neans.for,receivi an enuner.ati on query,
associated with'the enunteration guery mc(fudes%ata agmﬂ%n Inventory object. 9 y

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

transmitting and receiving is approximately thirty feet.



means for determ ning whether the enuneration query has been received
previously; and 20 neans for generating a nessage acknow edgi ng the
enuneration query if the enuneration query has not been received

previ ous| y waas/02s828 system of C aim 11, further conprisi n@CHABAX295H
including an identifier for the communi cafion device in the enuneration
query. 25 15. The systemof Caim 11, further conprising neans for
determ ning the nunber of nessages acknow edgi ng the enuneration query.

16. The system of Giai malLet lgribfie et SR irS nfMia, 30e TEAP Sopefibld &6 Ghsthinh
messages containing enuneration data; and neans for Storing the

enuner at i on daheentiofagBsaRa8RY areempligong he olpwingopetatiotlse syst em of O ai m
16, further conprising nmeans for .generating a nmessage containing the
enuneration data. 5" ?ﬁ@nﬂwgﬁl&q‘ﬁ%i m 16, wherein the enuneration data

indicates a 5 rel ghdiasthe rbamitih ifedugicyatidbjq@etysandl9. The syst em of
Claim1ll, wherein at | east one of the nessages associated wifth the

enuner ati of query iPRIIQHEESTPLES25805ANed With thaRBMMSFaloR |gRery Wherginggs leagene
system of d ai §H“-Jm WeRE deasd; f
transmtting adr? r egel %SSI%A}; ﬁs’%ﬁ%?@% mat erlx%lﬁ?%i@?r%ry%%gc@ Sé%grggc%cgst
PCT/ US02/ 29526angzof e transmidssionf | ogi ¢ encoded in nmedia, the |ogic operable
to assist in inventory assessnent by acconplishing the foll ow ng
operations: generate an enuneration query;

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
determi_pe whether messages are associated with the enumeration query.
15
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.



facilitate the transm ssion of the enuneration query; and 5 nonitor
nmessages associated wth the enuneration query. wherein at | east one of

t he nessages may include data regarding an inventory object beyond the
broadcast W®E58P the transmi ssion. 22. The |ogic of O ZCHUR22%er ei n
the logic is further operable to 10 deterdgne an identifier for the
enuneration query and to include this identifier in the enuneration query.
23. The logic of Caim?2l1l, wherein the logic is further operable to

det ermi ne whet her nmggsag I j k i 5
24. - The | ogic of Cf'ai m?gﬁ%gvﬁm@ﬁ?w %?F%ﬁ@e?gﬁ §rt err% %‘gglgg?lg&%é&t&
recei ve an enuawreasage onjaiing thelenvaranition dataet her t he enunerati on query has
been received previously; and generate a nessage acknow edgi ng the
enunmeration query if the enuneration 20 .. query has not been received
previously. 25. The29.09i Thoflogt @fnCRim M avirrdin tthe ehage@tibs daty (ddedates a
operable to_include .an identifier gssociated wwth the logic in the

enuner ati o qu@ﬂ%ﬂonﬁ'ﬁpgﬁr.“'e?’ﬁ@vl%t@ﬁ'co §' ai m 21, wherein the logic is
further operable to determ ne the nunber of nessages acknow edgi ng the
enuneration query. 27. The logic of Claim2 1, wherein the logic is further
operabl e to: recei % nmelbalpgrs dddeia A, Ndetaiuatdeast pamofithe messages B9odated e

t he enunerati op., / 2 RCT/ . The logic of Claim
27, wherein thguﬂ%&é‘“&@@%ﬁ’%ﬁé&@%ﬁ%ﬁlﬁ% #@Réééﬁg‘rﬁéﬁgggge%ssage cont ai ni ng
t he enunerati on dat a.



29. The logic of Caim27, wherein the enuneration data indicates a 5

rel ati onship between inventory objects. 30. The logic of Claim?2l, wherein
at | east one of the messages associated w th the enuneration quer

i ncl udes d3®@0¥B5820 an i nventory object. WD 03/ 025820 PCT/PQSG@PZZ%%G 29
31. A nethod for inventory assessnment, comprising: generating an
enuneration query; transmtting the enuneration query; nonitoring nessages
associated with the enuneration query, wherein at least 5 one of the
nmessages may inclu data_r i L J1d ect. beyond the

br oadcast range of G'gﬁhe tp?%@g@g@@%ﬁo@%gﬂ%ﬁ@%ﬁ%ﬁ@@ﬁ%@.CI aim 31, further
conprising: deter gendriingan entmetatibn querf,or t he enunerati on query; and 10
including this identifier in the enuneration query. 33. The nethod of Claim
31, further conpri {FARAYIUNEIRE FAHPRIAUM Bflmer ati on query; deter i ni ng

whet her the enuner aldnBrift He¥sadeSadib@dted KB INEChuMBMiAURIeYy, vHRtkin 2Oleast
generating a nessage acknow edgi ng the enuneration query if the

enuner ati oA quae winhe messagse anayr mehide clatapragerdings py invgatory Hbjase bpysndothe 0 ai m
31. further c hSd ' i apn ddentifier for the comunication
device in the%%@%%ﬁﬁgggaggm%oéa The nethod of C aim 31, further
conprising determ ning the nunber of nessages acknow edgi ng the

enuner ati on query. ,36. e t ho f, apm31, further conprising: 25
recei ving nessages 3éont ﬁﬁﬂ%@wgr?gr@’rlgﬁloh‘r@é’i cpmRTiSiRe”

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:

o
L

receiving 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. -



storing the enuneration data. 37. The nethod of C aim 36, further
conprising generating a nessage containing the enuneration data. 30 38.
The met hod of C aim 36, wherein the enunmeration data indicates a

rel ati onshWo 3826828 i nventory objects. WO 03/ 025820 PCT/ BEHASIHES 30 39.
The nethod of C aim31l. wherein at |east 86e of the nessages associated
with the enuneration query includes data about an inventory object. 5 40.
The nethod of C aim 31, wherein the broadcast range of the transm ssion is
approximately thirty feet. WO 03/025820 query; 31 41. A systemfor
inventory assessnent, conprising: a communication device capable of being
associ ated with an 3%venkhsr mediodeet Claimhdl.cuiagii ahtleash apevelc thec siepsaged ng:

Lo the. {r ansooRyareeq R perb Rt bt ERF U SR R AR AR BRCY 0. P

a processor coupled to the nenory, the processor operable to: generate an
enuneration query ipcluding an identifier_for the %eo CO ni cation. devi ce;
facilitate>he trantm sgﬁl}?n W%qth?eélﬂ}%r%lt’i wheigiietfe hyoddeast; range of \?‘Er; 15

transmission is approximately thirty feet.




20 PCT/ US02/ 29526 detect the receipt of nessages associated with the
enuneration determ ne the nunber of nessages acknow edgi ng the enuneration
guery; and determ ne the nunber of nessages containing enuneration data,
wher ei n at W@esR258fe of the nessages may include data reg®CA{U$82/2726

I nventory object beyond the broadcast rangle of the transceiver. 42. The
system of Claim4l, wherein the processor is further operable to: detect
the recei pt of an enuneration query; determ ne whether the enuneration
guery has been received previously; generate a nessage acknow edgi ng the
enuneration query if the enunmeration 25 query has not been received
previously; and genélat e Assysesstaymventotyaassassigernthmmpmimgr at i on data. 30 43.
The system of Caim wherein.the en rati.on dat.a indicates a .

rel ati onshi p bet \Aeeﬁ%%mumc por S%ﬁlceecﬁag%qgﬁggef’ﬂ%a?%‘?‘éﬁinwdﬁh %8 10YSR9FY obiffber ei n
at | east one othedommmsicnigadeviassanprisid W th the enuneration query

i ncl udes data about an inventor j ect. WO 03/025820 PCT/ US02/ 29526 32

obj
45. The system of O ai m AI2NSEAFRIRTTAMCIOBTABEBE 484 IeceiNgeBREESe transcei ver
i's approximately thirty &gémory coupled to the transceiver, the memory operable to store

data in the messages; and
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.
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45.  The system of Claim 41, wherein the broadcast range of the transceiver

is approximately thirty feet.



