LOCATI ON SYSTEM Reference to Rel ated Applications The
present invention clains priority to U S. Provi sional

w@108/04398ppl i cation, Ser. No. 60/512, 897, fil eRCTOUS0€034908
20, 2003, entitled Location System the content of

which is herein incorporated by reference. Technica
Field The present i nvdgﬂ%_rlﬁw determining a
| ocati on of one or nore objects. Background It is
useful to know the | ocation of people or objects for
several reasons. The |location in-and-of itself is

RERPL]BR REBEAUSS lichtigdd Ows another party to find
Sometning that 1S Tost, such as a child or a piece of

XPENG} VS SAHRTRRLY o:FALIGRABU.8! BB RREPHBRI SrARarion, Ser.

a pie ta use njunction wth other

information.. For exa now.edge abo he .l O | .
. 80/Bat E3hitieq QetohEr Lorplt- Rt pERERREER el lstieRlpEBe which
about the location of all the printers in a building

& hapeis iacosyaratethby sefgimerat i cal |y route a print job

fromthe |laptop to the nearest printer, thus saving

ti me and aggravation. The know edge of who is in a
particular roomallows a systemto adjust the

tepRAsAtRkkg or lighting of that roomto the
indirvidual"s preferences or route that person's

telep r’l‘fa{é%rés@hﬂ BiviRiohElaRE e88etbimihidta 08N offd@s @r more objects.
appl i cations are presented here as exanpl es

illustrating the utility of a systemthat allows the

| ocati on of a person or object to be known. - 1

-Exi sting systens are generally based on one of two
yﬁﬁ&b@%&%s In the first method they neasure the

amount of tine it takes a signal to travel from point
A to doismseful to know the location o people or objects for several reasons. The

Jocation in-and-of itself is important because it allows another party to find something
that is lost, such as a child or a piece of expeﬁsive equipment. Location can also be
valuable as a piece of data used in conjunction with other information. For example,
knowledge about the location of a portable laptop computer combined with knowledge
about the location of all the printers in a building allows a system to automatically route
a print job from the laptop to the nearest printer, thus saving time and aggravation. The
knowledge of who is in a particular room allows a system to adjust the temperature or
lighting of that room to the individual’s preferences or route that person’s telephone
calls to the phone in that room. These applications are presented here as examples

illustrating the utility of a system that allows the location of a person or object to be

known.



B then cal cul ate the di stance between the two points.
G ven three different distance cal cul ations, a precise

wO omani3ss can be determ ned. These types of SyRCEDNS2004/034908
typically require very precise timng. For exanple,
since d=rt and r=3xl 8 meters/second, in order to
| ocat Bxistngsystangs are gaperplilnbasedren oRe of fge principlgs. In the first
requirement for 3.3 x 9 (3 nanoseconds) of tenporal _
activdabey hessuesaihl adicahbolfdene Hitakek atsignal toTravs] frempoint A to point
that the timng between the renpte transmtter to be

Baga! efcand 1eaGibiante htwesm the 6es yeins, Giveiire disfetdnedistance
timng between all of the receivers, nust be known

Wb Ok Qg%%ise\{@!{a'tiSH Sail GSANLAHEST. MAYVRe BRRE oPSREENYY tyPically
varyl ng degrees of success to overcone this ti'm ng
requi renent but all require fajrl :

o {60 Moyt S ihilopSh drE AP PRE econd, in
antennas that nust be connected with s eciauﬁﬁogﬁéahog 3
exdst tslocate gemsthipgstoswithip L #qien PSP PErRe ik’ X 107 (
| ocation is precisely known to help conpensate for
nammiseepnids) ¢fdpmprab fcaubasy dorseich tistrnse ealgulatien. c bhis msans that the
expensive infrastructure. In the second techni que,
exiisg bergesy BeasBond tiarpitidr oo balocaledted bhdh afitbteamesivers, as well
between a transmtter and receiver based on a received

5 gRalmBEHERELR aliNikdiccfbers Fatbe KMbiwhevittih 8 nSsc. Various
conceptual ly sinpler then estimating |ocation based on

%oﬁ?i{q%gs{ %Jeib\égﬁ b ¥n 'Vgryin% a%glraegy SFstR¥edshE ol &eiBe @is timing

especrally in spaces. The RSSI is a

oSO off R SR BRSSP ol tme b
However, the same radi o wave travels over ma pat hs

I vasmote rersiving prtpRnas dhat AR becampelpd R esB e Eabges.
mul tiple waves arrive at the receiver in-phase
(thers tiseicalibvaion) transohitbeysrehosentesationdy preciselydnown to help
out - of - phase (destructively). This nmeans - 2 -that the

%&%ﬁeﬁ@& e ti?idBjifeg e of thase songioas redmire\calpiexpexpssive
much as 30 dB | ower than

infrastructure.

In the second techﬁique, existing systems attempt to calculate the distance
between a transmitter and receiver based on a received signal strength indication (RSSI).
While this is conceptually simpler then estimating location based on time-of-arrival
(TOA) it is plagued by the issue of multipath, especially in indoor spaces. The RSSIis a
function of distance and a path-loss factor: RSSI = 1/d*, where d is distance and fis the
factor. However, the same radio wave travels over many paths between the transmitter
and receiver. Some times these multiple waves arrive at the receiver in-phase

(constructively) and some times they arrive out-of-phase (destructively). This means



the true value. This nmultipath fading makes it

extrenely difficult to determ ne the RSSI val ue
wa@ewanaoad y. The second chal | enge is determ ni POT/UR®04/034908

pat h-1 oss factor, f. Various techni ques have been

%ﬁggested to both conpensate for multipath as well as

t 1 tha RSAT 531 bm3 dBrhigher dhpa the prteal velpeios @ mysh as 30 dB lower than

calibration signals, averages of RSSI over tine or

dheénsvalper ecei ver systens. The trade-off is that

these techniques, while typically sinpler than the TOA

calibration, |lead to accuracies that are not as good

as TOA based systens. It should al so be noted here

t hat "'thﬁiu?c'fpait@faﬁiﬂgeﬂlﬁ&éﬂfeﬁl%ﬁfa}a& T gl dhgg\?gilgeﬁg #SST value

systens nust be quite conplex In-order to

I r In s ry. exist spl ut i .
AP SRS S} PR ahe Py ShRckor, © Various
transmtter is froma receiver. The accuracy of the
RS HioR P YcdhPeB v erton 68 ApMhGRIpENEILG fok RuHARAte oS el as the
driven by how accurately the distances can be
calcglatian #df.akbessdynpiedly invelve calitatian sgnads dverhgesveR SHlover time
receivers (R, and R3) . Summary Therefore, there is a
e e ek oty racdivaraystoms s Tht andd-biftis thanthaectectati@lex, whitk typically
sinply locate a transmtter. ldeally, this system does

ahpleedidh & POAaEBlYios AbsdHottcb Mg cibdhatiS BNEESo0d as TOA based
between the receivers and transmtter. The present

isPMERE T RRh&WHANS veiid i:h?tp“s%lpfe N3 fglit{v%rtclex%rg ar?cF even RSSI

déterm ned (approxi nate Wt hout requiring

[ fr receiver. to b recisel wn. This
S0 L B DR Raiok Puiebly TS Arrtnleb g rwacinc
hence | ess expensive. - 3 -The present invention
provi des a location systemwhich allows location to be

determ ned w thout requiring precise cal cul ati ons of
di st adeeummdnalekisting sblfifiensi atlgmpt to accurately locate the distance a

transmitter is from a receiver. The accuracy of the determination of the location of a
transmitter is driven by how accurately the distances can be calculated (ds, d, and ds)

between the transmitter and the various receivers (R1, Rz and R3).

Summary
Therefore, there is a need for a location system that can accurately and simply
locate a transmitter. Ideally, this system does not require precisely calculating the
distances between the receivers and transmitter. The present invention allows the
location of transmitter to be determined (approximated) without requiring its distance
from a receiver to be precisely known. This means that the overall system can be much

simpler and hence less expensive.



degrees of precision to be provided in the sane
system In accordance with a first aspect, a nethod

WO 2005643983 m ni ng | ocati on of an object conpri SEST/UR®04/034908
steps of: for a receiver, estimating a first zone
within which a first transmtter is |ocated;, for .
r emai Ahagresedixeatisn prayvides #loepsion systemgyRighallows location to be
transmitter, each estimating a second zone within )
wbretihinad Withetit requriagptdcese calsulationt eflistame andtadlowis difiigying
if there are overlaps in any of the zones. In
g@g@&d@f}ﬁé‘ci%ﬁ b BOgobRIEd asPRGhme dysiBhhod for
etermning |ocation of an object conprises the steps
of : determning a potential target area, and
estimating a target location within the potentia

target area, In certain enbodi t t 3 : .
det er At AFEGARCH B‘P@rﬂ ﬁ’Ef‘F a3ngPly éltmnéjﬁ%cgfogoc{r%gerrﬁl grggg ﬁ?gtlon of an object
steps of: identifying receivers that received a.ﬁfgn%lh first
fcpmprisest thengienst oErfor GeFREERET riggliRENg 2 ABfLcZqiegItin which a firs
segnents connecting the identified receivers, . )
deheniticninkpcatedefor aemainthg Wesiversithy qapcisfegpsgiven transmitter, each
generating |ines through intersections of zones and

teE‘@mQﬁh% 9kEcofBIZ0né Wit waltll Jfsk gaadmitigr ishlecaedaand determining if
defi ned by secants as the potential target area. In

$RYE a%%ﬁé%@ﬁiﬁ%ﬂo?&lﬁoﬁ&of generating |ines

conpri ses erating secants through the intersections
between the |line segnents and the zones for each zone.
I n other enbodi nents, the step of generating |ines

conprises generating tangents at ihe.intersecti .

bet wedht ap?fgg@mﬁé@@gmﬁ ek aipthord e de e RoBignofan

The step of estimating a target location within the .

mbjesh tomprises thypstensrafadaterynispagmoiantial 13egch greprnd ssHmafng a target
of the potential target area. 4 -1n accordance with .
doedtivarwidsn det potentiabiatget afear Inle¢rtrimembodjmcotsathestepott determining
an object conprises the steps of: identifying

rEGREME Sarkdl Abeal REHIMEANS sbBR| idbhitdliying rocavasiliat erceived a signal

generating one or nore |ines segnents connecting the

| @&Htai tfa{ngiglitfe?,cfeirlgﬁfiﬁg one or more line segments connecting the identified
receivers, determining zones around identified receivers, generating lines through
intersections of zones and the one ore more lines; and designating the area defined by
secants as the potential target area. In some embodiments the step of generating lines
comprises generating secants through the intersections between the line segments and
the zones for each zone. In other embodiments, the step of generating lines comprises
generating tangents at the intersections between the line segments and the zones for each

zone. The step of estimating a target location within the potential target area may

comprise finding the center of the potential target area.



determ ning zones around the identified receivers,
generating lines through intersections of zones and

w0 b@some3dre nore |ine segnents, designating tPET/HE®A4/034908
defined by the lines as the potential target area; and
determining center of potential target area. In
accor darfeeordpnge viffoetasher asnsst 2 méthod far dietsominige Westiaeef an
a method for determ ning |ocation of an object,
axbjgat cemprisdsehs stegrsofofdehibfyireg reededrs @iat reesivietatsighgl fom a
first zone a first transmtter is in; for remining

MEHSMer SgdnBAing dfe bEMBIe/Encd s8IMeNs boRREIMS {heidenBi®Eh receivers,
estimating a second zone a first transmtter is in;

_ < f - : . .
SR PR L0 B SR EEA R el o mrcaons
SRR 8o 0l SRS ST e GEBAEL be res
recei vers that received a signal froma transmtter

JasBetgntis jargricares; apg determinmessyivs af Botewlinl sargetigea he
identified receivers, determ ning zones around the
identified receivers, generating |ines through

i ntersections of zones and the one ore nore |ine

SegnerThs acodedunge awithn GnbtiRr adspectdeh | Hedntytihl N@Si@s 4 hfethod for
potential target area; and determ ning the center of

tdeerRiBSdcation 8 SE6bjA¢tEdmrse @AW IRF ForvYd {e@ei%l? bdtihating a first

aspect, Tn a location systemconprising at |east one

t 3 1.t -, WO receiver.s, a nethod . .
R M g B i B Sompithe BV S8l o8y PG R v wramsmmiter
signal .fromthe transmtter, estiymating th ones .of .

FREY Pl & SR POl i amifter, 15iD; @ iR if there are
there are overlaps in any of the zones. - 5 -In
SVednsdncay of the ZeReR her aspect, ‘a conputer program

product holds instructions executable in a conputer

~for determ ning | ocation of an object. The

i nstructions conprise the steps of for a receiver,

- esti mahiabgraarddelvith #@fRr Wpebi, M 1BbBPutthg device, a method for -

determining location of an object, comprises the steps of: identifying receivers that
received a signal from a transmitter, generating one or more line segments connecting
the identified receivers, determining zones around the identified receivers, generating
lines through intersections of zones and the one ore more line segments, designating the
area defined by lines as the potential target area; and determining the center of the

potential target area.

In accordance with another aspect, in a location system comprising at least one
transmitter and at least two receivers, a method comprises: determining which receivers
can receive a signal from the transmitter, estimating the zones of the receivers the

transmitter is in, determining if there are overlaps in any of the zones.

-5.



first transmtter is located; for remaining receivers

that can receive a given transmtter, each estinmating
w@2®e0a983 zone within which a first transm ttePCT/BES2004/034908

| ocated; and determining if there are overlaps in any

of the zones. In accordance with another aspect, a

conput er program product holds instructions executabl e

in a conputer for determ ning |location of an object.

The i Bstdcd6idapis widirphriosiesrt hepest, eps campitge nproggann gproduct  holds

receivers that received a signal froma transmtter,

g‘%ﬂﬁ& ! n%(e@@tﬁbﬁrin”grc%rﬁﬂu'ﬂ& £ AR E L EniBgNResidi of tapeobject.  The
| |1 e

ent receivers, . determ ning zones around the
Ldentified receiyver g L A0 LIRes,hBrofah within which a
?q?ﬁg?téoélétcpg}?gsgfhez%épg’s angatq éee?%ﬁ’eésgl?ga lmg fe Tine.
se '

ments, desjgnati the area defined by lines :
56‘{% drRppmitier &% iy@%teé;r 3 relRNgSEET T E‘??S SapCrolcER sh Winsmiteer,
the potential target area. |n accordapce wth.another . and
asghe cstimating catseends gence Within WRICB # fishdranspilistofs Igoated; an
an object conprises a |ocation determ nation nodul e
tletergiatigy ifkhnire grevpdapsrit iany of tegetesar ea enconpassi ng
the object and estinmating the |ocation of the object
within the potential target area. - 6 -Brief
Description of the Drawi ngs The invention will be

appar g tacJo'i&’dﬂgE BEmIESHe} Ripk&a E@I{hﬁﬁt@t 4n Broduct holds

acconpanyi ng drawi ngs, In \I(/:(/hl ch ITke reference t
h t fer.to th | : t

T rERemeoPGige i g F pOepb R foRH R an!Mfect. The

R S8 1o RS A BB o R from &

invention;, Figure B illustrates a |ocation syst erP .
lembmijtes, geaciating pnewrimoredingsegioprts coaRes g theridentified recetvers, -
according to an enbodi ment of the invention; ] _
determining zones around the identified receivers, generating lines through intersections

of zones and the one ore more line segments, designating the area defined by lines as the

potential target area, and determining the center of the potential target area.

In accordance with another aspect, a location system for determining location of
an object comprises a location determination module for determining a potential target
area encompassing the object and estimating the location of the object within the

potential target area.



Figure 2 illustrates a |l ocation systemaccording to

anot her enbodi nent of the invention having a network
W@ oveee9BdN el ement, one or nore object identiPCEUS2084034908
an optional fixed |ocation identifier; Figure 3
illustrates an object identifier according to an
Bribhigeseriptiomef the DIEWingat i on; Figure 4 is a perspective
vi ew of an object identifier according to an )
enmbodiTheniventiort Wil baappatent fromithe desssipBn Bein andshe ageempanying
various nethods of operation of an object identifier
GG AOwhieh YiRE kéTuenertindici@aiderad thhemapenitooghout the
-Figure 6 illustrates a network connection el ement
aﬁﬁggqgﬁgmgo an enbodi nent of the invention; Figure 7
ITTustrates a | ocation system according to a further
enbodi nent of the invention, having a network

connection el enent, one or nore object identifiers, a

| ocation resolver, and an optional. fixed.| ocatj.pn .

| Gont Fiies LA a3 Ipeaie oy PR L Ane gEapitsh Fui B pag a ocation
according to an enbodi ment of the invention; Figure 9
fetenmigies raodme howrding tpar embehiment of thowaenér esol ver
according to an enbodi nent of the invention; Figures

10-10F illustrate one nethod of determ ning |ocation

W t hout requiring precise distance cal cul ations.

Fi gur @5, 10 58 10itialds 49béaa0R s?éié}h havingetreedvafand one or more

determmning |ocation without requiring precise

gr'aﬁgrg‘lﬁ%% a%%rﬁiﬂgacg 1,03 fibodiment of the invention;

\

Figure 2 illustrates a location system according to another embodiment of the
invention having a network connection element, one or more object identifiers and an

optional fixed location identifier;

Figure 3 illustrates an object identifier according to an embodiment of the

invention;

Figure 4 is a perspective view of an object identifier according to an embodiment

of the invention;

Figures 5A-5C illustrate various methods of operation of an object identifier

according to various embodiments of the invention;



Figure illustrates a fixed |location identifier
according to an enbodi nent of the invention; Figure

WO Rd0am139at es a | ocati on system accordi ng to a PCF/UR®N4/034908
enbodi nent of the invention; - 8 -Figure 13 provides a
perspective view of a |ocation systeminstalled at a
| ocat i [Gausdcilpsirates a wetworkugannestionrheaeniancordingtitren embodiment of
invention; and Figure illustrates a network interface
fthe inysetiomy a net wor k connection el ement or a | ocation
resol ver according to an enbodi nent of the invention
Det ai | ed Description Various enbodi nents of the
present invention provide apparatus and net hods for

e S BT BN LS50 DK PR [ simeno
SR oG B BB Pl B s

gonfj ureg to mnim.ze installation efforts by the use
peaiioR TeRqsr e Bn guEena dixgd decatien igntifiers| ess

conponents to provide |ocation information to fixed

| ocations and by an ability in sone enbodi nents of the
invention to utilize existing wiring, already in place
i N nmarfigen BiilostrmesstadocAidnaeRilva@RcEH 8 d be eRbodintRtobhe
way of exanple in Figure A The illustrated |ocation
Siedn@iBh;10 i ncl udes an object identifier 800 and a

| ocation determ ning nodul e 14. The object identifier
800 may be coupled to an object such that a | ocation

of that object corresponds to the |ocation of the

obj ect..i dentifi.er 800, The object jdentifier 800 may,
be. anyF 850 P LSS PEti oF gBRERTY P 0B Gtiarolust s5pordine to an
object. According to an enbodi nent of the invention,
SRibedument ef thednvgatienan el ectroni c devi ce. :

Figures 10-10F illustrate one method of determining location without requiring

precise distance calculations.

Figures 10G-10K illustrate another method of determining location without

requiring precise distance calculations.

Figure 11 illustrates a fixed location identifier according to an embodiment of the

invention;

Figure 12 illustrates a location system according to a further embodiment of the

invention;



Exanpl es of el ectronic devices may be in many forns

and i nclude, by way of exanple, a processor, a
wW@ups®B3 a personal digital assistant, a PCT/US2004/034908

conmuni cati ons device, such as a cell phone, a network

appliance, a web server, a network, any device capable

of mantigHTeak3 RIgVIdaY BPFRERGCHNS Viewr eislopatton system installed at a location

transmtter, an interface or any conbination of - 9

-acaexsingiiowd fuether embatimentiof tieyinbentmnt ekl ar ea net wor k

(LAN), a wide area network (WAN), the Internet, an

intranet, or a netropolitan network. The network may

be a wirel ess network such as a Bl uetooth network, a

cel | ul BouRelMnKratd a%@ﬂ@iﬁ%}{ﬁ@é mfu‘éﬁ ir?ap\ﬂmgy‘é(gnﬁtgcgion element

net wor k,” or sone ot her type of networ ccordin

vari . i ents.of the invention,.the opject
i%eanlgfg?t}oglgggog aeg‘sgi(r:ﬁcfrglntg\k%aﬁl %ﬁ?ﬁ%ﬂe ngjthS MY Ehtifier
corresponding to the object identifier and a second
identifier which is a group-designator. Wile the
identifiers may be in many forms, sonme exanpl es,

tio’r i ous enbodi ments of the invention,
i nclude nunbers, letters, URLs, MAC addresses and IP
addr es¥asousAntodithengs 6 tha preseiiaaveieivh pafviddwparatus and methods
i nvention, the | ocation determ ning nodul e may i ncl ude

Aoy et detiginitaBof UF IRl Gh T@SmBEbA! WaRbiOerhSSEnke8 of the invention
Exanpl es i nclude any device with intelligence to

idclgfgﬁ{ {‘9{ ﬂ?ca{i&?i mgi:oﬁ go ?5mﬂlﬂﬁicg{ed '69%% %ﬁl{ or over %l}%:elntemet.

I ers. ccor O various e SO

TN e A R

copbi natjons of the follow ng: a network connection )
étionts by, the puseqdjvadipus tgehniquesspch 25 ysingswirplgssaqongenents to provide
identifier, a location resolver, a database, topol ogy
de¢ationanfoshetiiy torfixed devations amsl hyedn ahilityrifh acae emboéimentsof the
interface, a specialized network interface, an

IindreicRnd atilifexidting Witfg, alkadpindflacetnintng dhdfi6aments.
network and/or a specialized network, a receiver
and/ or a

A location system 10 is provided by way of example in Figure 1A. The
illustrated location system 10 includes an object identifier 800 and a location
determining module 14. The object identifier 800 may be coupled to an object such that
a location of that object corresponds to the location of the object identifier 800. The
object identifier 800 may be any device capable of identifying a location of an object.
According to an embodiment of the invention, an example includes an electronic device.
Examples of electronic devices may be in many forms and include, by way of example,
a processor, a computer, a personal digital assistant, a communications device, such as a
cell phone, a network appliance, a web server, a network, any device capable of

manipulating information, a receiver, a transmitter, an interface or any combination of

-9-



transmtter. According to various enbodi nents of the
i nvention, the | ocation determ ning nodul e may have
wo@piog/0sB98Ecei ver, only a transmitter or both aPCBHUS100£034908
and a transmtter. It will be apparent to one of
ordinary skill in the art that one or re cqnponents
theypdeviies: A mstivak may be adoad av%ﬁffeéwg)&dﬁ f iwgi!nfrP YER BRRvork
- 10 -According to various enbodi nents of the :
(Wt therdntetied qorinkaret, dravesitdpettammetierky ddg nevork may be a
determne a |l ocation of a |ocation determ ning nodul e
hislehnawotnhetiasaBluetbbitd netvoak) Deelthdtrartwork ngGShiibdsed
may be a nobile nodul e, capable of deternmining its own
hoGRtL, AMhak &bwatel Yt i Wt offe iR Byl REwddent i f i ers.
I'n such an enbodi nent, the object identifiers may be
fixed. Optionally, the object identifiers may be
novi ng. One exanpl e of the use of a nobile |ocation
determni nodul.e invol ves a l.gcation syste e
conf i QSFEATIEIo qBHEFTRRPATHERE b1 Ty T¥ioR, Be Phjegkidgpifier 10
If such a |arge area_is populated by a small nunber of
tppwitstvorifentiisws one Fﬁeeﬁtlgﬁf eppreppendingctathe pbjsgtddeniiiishy0 and 2
be nore efficiently configured by providing
feooad idendfiet which ima pooatdesignatet. eWiile thegdemstfidremay bh in many
each object, h such a case, object identifiers could
bl Sdnhid Btbngfles, amughgw viritas kabgéintsmesof thb iventat, irehude
determ ni ng nodul e could then be adapted to receive
ha&%fg%géﬂs,gmtg M ddIEsQbiRGP dddraldsf i ers and
thereby determne a location of the location
determ ning nodule h this enbodi nent, the | ocation of
the objects is determned relative to the |ocation of
the one or_nore object identifiers, although the ..
| ocat iAsRerdde torfe egljodupent d’g Hhs ipystion I‘Efé"%% gfifrmining module
al lowing |ocations of objects to be determ ned )
i.é naetyi ineludo anyt $isicture eitabie s determipinglegatios, dixagwples include any
| ocation on a map or a specific room The
devité gtithdhtelizendroioalciesmberthe hehiich of drie amodrhebject identifiers.
enbodi nent of the invention,

According to various embodiments of the invention, the location determining module 14

may include one or more of each of the following, including combinations of the
follo%;ving: a network cénnection element, an object identifier, a fixed location identifier,
a location resolver, a database, topology data, an electronic device, a web interface, a
network interface, a specialized network interface, an implementation interface, a
database interface, a network and/or a specialized network, a receiver and/or a
transmitter. According to various embodiments of the invention, the location
determining module 14 may have only a receiver, only a transmitter or both a receiver
and a transmitter. It will be apparent to one of ordinary skill in the art that one or more

components may be distributed in a wide variety of configurations.

-10 -



better suited to environments with a greater nunber of

objects in a snaller area h such an enbodi nent, each
wokjoso1398my be provided with an object identifPEr/USIONE034908

or nore |ocation determ ning nodul es may then be

| ocated within the area to receive |ocation signals

t r ans Aceardingtiy vetieusoiphadimenis af the iregtign, the gresent Invention may

enbodi ment, the |ocation of the objects is determ ned

by ustdite ﬂaﬂeﬂnmg atlbeationodhilonatioh detesmisbjgsnodilde it $uchens.

- 11 -According to various enbodi nents of the

bﬁm@&l}ﬂeﬁ{‘ thd 1BEatl RACRtdrBAnifEe hddtlethagbem tobile ifbduiey bepable of
capabl e o6f perform ng additional functionality, such

aét]@ i mﬁ{g] 1'tsn(9v1{ {69.‘1'@(?1{ 1%1&&1?75 té SRS TRbIeYbjecP fd%i’lhﬁé@g In such an

oring In ormati1 on, conimand |ng actions
@@%@%ﬁé@m& SRR B TS ORISR sy
o oy o E%ﬁé‘fn@%?# SHorves

various network types, and the |ike. According t ‘
flavatibre systami ochfmmtc‘stocﬁetetrm@lq lncations onthin f fargese. HrWCh alarge
determ ning nodule 14 includes nmultiple, distributed

LRGEL YEFSateSBYR sofall Whinthidr ofybj s, Glmemt&np(mebntsm)f auch a location
net wor k, and ot hers not connect ed to a network.

’g‘gﬁ%%d}%élﬁo%@'fﬂﬁe Of @@fadtﬂgeﬁmav&fahtm »a lbbetion
nd | ocati on

ject rdentifier a eterm ni ng nodul e

gigtelgilﬁ?% E)dule'é&f ﬁ} &%ﬁl _ge@p d[ﬁlsﬁchc’é 9’«5@ E& déﬂi‘l@iers could be

|on OCatI cordlng t an enbodi nment

%Eﬁt;lglﬁ' nven Eto e :‘2’% lar%%? g‘hsﬂ t er erm: W,Cmq}}gcﬂhg cc]uA}d then be

aw

store |nformat|on relating to current cat

aidpried td reeive focatien signale &gmdbapbﬁﬁt lﬂal& fors ?Iéf '21 Eﬁf% determine a
net wor k connection el enents. According to various

dotnidh ok titedocdtion lietermirgng mordylet e thierohedimeniyilie lgeation of the

used only within an encl osed structure. Encl osed

Tjded i ae@rhined welgtivatol tié Rgstiorsafahe ase af thomeobject identifiers,
although the locations of the object identifiers may be known, allowing locations of

objects to be determined relative to other references or by name, such as a location on a

map or a specific room.

The configuration above is contrasted with another embodiment of the invention,
better suited to environments with a greater number of objects in a smaller area. In such
an embodiment, each object may be provided with an object identifier. One or more
location determining modules may then be located within the area to receive location
signals transmitted by the object identifiers. In this embodiment, the location of the
objects is determined by determining the location of the object identifiers.

|
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bui | di ngs, exhibition halls, health care institutions,
homes or other structures. According to other
wepdsmiivent s, the inventi on may be used out si deCD1S2004/034908
encl osed structures or may be used both within and
outsi de encl osed structures. According to an
enmbodi MeseEding tq yasiqus garporisrentsof the Hvientions yha lopaticdQletegmining
provided. As illustrated by way of exanple in Figure
|1Bpdulp &4 ey deicapatdy of perfarfing additienal fedtivadlity,sudiRas ®ceiving
transmtter 200 and a receiver 300. Optionally,
adgidsisdoainfdrhRnish] frbeids g2 AfdrinshoNRtdrhgRRAMNAN, ¥BMnPRding
provi ded. The transmitter 200, for exanple, can form
g%gibns]?iﬁl rEJf)%nQﬁIOQSéati'oﬁq ihhtRdn §&§?ia?nﬁgo$jgas GRS H& objects or with

_or_ exanmpl e, can torm paft_ ocat | on_
L L N R R T

Lec%égt ﬁ{ tPe receiver 300, According to one

SRISEArRE AreTrY Witk VRRQusISWOrk typrs, #idiihs ket Aecardipg to further
transmts a signal using only a radio frequency (RF)
tazheslithenteef the dnvestion, the loeatiarddstemtining meodude B4 ingtudd®tultiple,
is provided with an RF receiver 310. According to a
fdisttiheted escbiveisieoihe of whith mhawigidon@scted foea hdt@Babhd Bthers not
200 may be provided only with an infra red (IR

tdoanedidd th @meBRkt AdcbAissiolvaaidud gin%(gﬁ%hts_ o{f ﬂle;i:%&g%éﬁﬁ, the object

enbodi nent the receiver 300 is provided w

r: i 0 j 1 bhent of t .
ERIEE L0 AP toofGAIAL A il 1 ATRO I ns R ap IR signais
3!3 @r@n%mu{sr 2%% atnd an IR transmtter 220 while the
SEEPVEFPBEBYYR Ot §F#&%ondi ngl y provided with both an

RF receiver 310 and an IR receiver 320. According to

this enbodi nent, both the RF signal and the I'R signal

are used for the determ nation of the |ocation of the

t r ans Muacorlin@®0n exchwiivlienigpiite mwentjrmatheiloeatioh kieteRhining module
signal can include information unique to the object

| ldansy inckide 6fie bh@ofhdRasés0 TR dathbhies infayadtdrd G Ematidifrelating to
I R signal can be non-unique and not include any
Rfeht 1b&atiol 0P GBS {@Bntifiers, fixed location identifiers and network connection

elements.

According to various embodiments of the invention, the invention may be used
only within an enclosed structure. Enclosed structures include buildings, such as office
buildings, exhibition halls, health care institutions, homes or other structures. According
to other embodiments, the invention may be used outside of enclosed structures or may

be used both within and outside enclosed structures.

According to an embodiment of the invention, a location system 100 is provided.

As illustrated by way of example in Figure 1B, the location system 100 is provided with

-12-



According to a further enbodi nent of the invention,
the receiver 300 nay be provided with a network

w0 niosimse 330. An exanpl e of the network intePdHUS2088WB4908
includes an interface for a |ocal area network (LAN)
or another_interface to allow direct coupling of the )
reiansmiftersilY and ageepivandPR. Lptionalbs additiprel tanemibters 200 (shown in
enbodi nent of the invention the network interface 330
i hantnmyhgebe plovaledi The thpsraitteaPdb fer axbhmpie, ead form part of the
coupling of the receiver to a UTP-based, Ethernet

NeHj¥ fidentific£8d26Rd thEiBcdidi 800 for BRIMEIE kcall By far@ ofMheaskation
or wireless network or a conbination thereof. - 13

) c‘%&ﬁﬁfﬁh@ g%%ﬂl@m tR %fag%fé@%f’ %g@ gﬁmv\lgbtmitcgl%s Wﬁgﬁ%{e‘agﬁéﬁﬁm in order

recei ver I'S provi server

b _server. 340. may be, cqonfi qure o provide | ocation.
RRePY R oietah PEREPT oS Bl LE oD A58 ietp gie aiSfiment of the
Internet 500. The web server 340 nay al so be.

Nty g tegsgitien a9 Banseytna denadpsiag ehlypsadio Beausney (RF)
the receiver 300 through the network 400 and/or the

| tiansmitéer 2800 In pusbomdimhypdimerdribe pecgiver 360 istrvevided withen RF

300 can be configured to convey signals to the network
4@Ceiver 3 Op exdcording wra fufther embddimentrofnieinye@ion\ehe teihsmitter 200
exanpl e, the receiver 300 can convey information in

afidy B@Efd%&eid%%r Wah AR infrSRANTRSrA AR 200¢K Bhnsntifart €signal. T
network 300 every selected tinme period. The tine

ps%%il 9 efBBaRiGE ﬁfe?'@ée\f %?)%/OE z% ;\!f\@g@eé \xﬁ&lca?lr]%sl%ggvg‘r%%. According to

m nutes, nore prefera secon and

nm put e d,.nost ef erabl y. eyer ec S. Th [ I
GRS efPRy SRR RS B pErorng HERBER AL BTV fth poth an RF
of si'gnals froman object identifier. That is, the )
JEspaitergd Ognd ap i srensmijter B0 whde fheaecqiver 3OP inenreesperflingly
not in response to receipt of a signal by the

rigoeideé withAwtls iroRA réneiweay 10 indxafblr@eivar B2 aAcanding to this
determ ning nodul e 14, according to an enbodi nent of

- tdigbddinvent béth thd BF isighbiSdndahe R sipyalvay usdd BxaeRlefrmafation of the
i ncludi ng the network

location of the transmitter 200. According to one practice, the RF signal can include

information unique to the object identifier or the object to which it is attached. The IR

signal can be non-unique and not include any specific information.

According to a further embodiment of the invention, the receiver 300 may be
provided with a network interface 330. An example of the network interface 330
includes an interface for a local area network (LAN) or another interface to allow direct
“coupling of the receiver 300 to a network 400. According to one embodiment of the
invention the network interface 330 is comprised of an interface capable of direct
coupling of the receiver to a UTP-based, Ethernet network interface. The Ethernet

network may be a wired or wireless network or a combination thereof.
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400. A further enbodi nent of the invention is
illustrated in Figure 2. A location system 700 is

WO kdosm#39a3 ed by way of exanpl e having an obj ecPCT/US2004/034908
identifier 800 in conmunication with a network
connection el enent 900. According to an enbodi ment of
the invention, the object identifier 800 is physically
coupled to an object so that the | ocation of the
obj ectAcaeding fio enotBG@Emtwdinen iofl dreadvémionehd teeeilvaciiliis provided
of the object. - 14 -According to another enbodi nent

ofith hevebrivart BAM, Théweb S6iaér 320 rody bdCor@idufsltto FRilElocation
deternmined by | ocating one or nore object identifiers

8RS IRESRE BRfL g&wehé 1) ﬁdyb%ttﬂpﬁ}fer;gggmc g Q%etl%eserver 340

el ement 900 to an obj ect h such an e I ment,

I [ h twor k. connection el ement 0, and

HEAZAS Be ol eCE PR PRR G PR of hisofir 390 throne
re obje identifiers 800. The network connection

g?gﬁéﬂpﬂggg)W@ﬁggﬁpﬁ@ﬁF@HSW% be coupled to a network

400. According to an optional enbodi nent of the

i nvention, the network may be a wirel ess network. As

illustrated in Figure 2, one or nore object

i dent i Acerding G onopratiiies thegedeiver BO0 Bai WO tdnfixarsdeeiconvey signals
el ement 900. According to another enbodi nent of the

| 10 R hdt@Birk A0TEINNEIeMRtlE FTOMBRRT A MSIRIERY v@a%%ﬂ%ﬁb(mple, the
communi cate back to the object identifier 800.

[ . . Y [
LA P08 bl ol B SRS 3PhroBlial 6L ek o glip paciet o
l.ocation identifier 1000 is .confjgured to.receiye
RS R P st RRre sy 6dr Thetive neliS bS5t Sahty be between
retransm f that information. The retransmitted
i ngesprchand H) magutess mase prefaably pettren Seseeritds aad A maiatieppnd most -
el enent 900. According to one enbodi nent of the
i prederablyeveri 0 setonds shing siguhls gdneratad bytheiracdivet@se intiependent of
i nformati on provided by the object identifier 800,
aectiptardt signaly fedltliahiobjeal identifier. That is, the generation of signals by the

receiver is periodic and not in response to receipt of a signal by the receiver.
]
As shown by way of example, a location determining module 14, according to an

embodiment of the invention, is illustrated, by way of example, as including the network

400.

A further embodiment of the invention is illustrated in Figure 2. A location
system 700 is illustrated by way of example having an object identifier 800 in
communication with a network connection element 900. According to an embodiment
of the invention, the object identifier 800 is physically coupled to an object so that the

location of the object identifier 800 is considered to be the location of the object.
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information to identify the fixed location identifier
1000 that is re-transmtting the information.
waewsndiony t o an enbodi nent of the invention, PCT/US1004/§34908

of netmork connection el ements 900, fixed |ocation

ent rs 1000 and_ object identifiers 800 may be

it T Tnothis cmhodisne oL {rstETAIHOD, thn lasatinn AT thaseject may be
the network 400 may provi de conmuni cati on anong the
ndsterpyeddvnleestingomeairemen bje00entificos 800 intam alet mrddonpling a
the location of one or nore object identifiers 800 by
artwatk connectioatelmdnt 900 feat digect e e sRAtH e‘&%dﬁherﬂ)’th& |Ik§:at10n of
use of other devices coupled to the network 400.

-th6 nSR@WO cothe¥Edh SbmEXAITD Snd RenkOBAL db?&;g de E@treﬂhi%&' gelatlve to the

modul e 14, according to an enbodlnen

[ exanpl e .
@2%3?"%0@6@ lgéljtltﬁetr @:&;g%%c § on %{0 enﬁﬁgo is configured
ed | ion.d 1000 and t he netmork 40

§8F8 Iﬂa fo P W@ﬁb%@ n‘g?ﬁor‘ng {hEn eriiamat srbodipeat OF the invention,
ob ect identifier 800 and/or fixed |ocation identifier
fb@@ett"’loﬂﬁ@ﬁy s apirslessnetwdrbr Astiiletrateddo dliglirngd, one amore object
enbodi nent of the invention, this information is
tidlentifivrs $0Scbonuennibate o B natvebrk Romegtiah slenfpt P@0aAtdording to
the information may be transmtted over only one

singthel emBedinkdi Altht nRAHGTHRMMARSL @nnbiRnl BT 900 may
exanpl es of the information transmtted may i ncl ude

%ﬁm‘i’&m@ité bk tBli’ﬁ‘e&‘lﬂlaét‘?&%nﬁgier@:Q power |evel; IR power

| evel ; battery leve i nput devi ce status;
transmi ssi on frequency, e.g. repetition rate, for any
or all types of transm ssions, such as IR and/or RF
an identifjer co onding to the transmttin
devi ceccqrfington %ﬁ?’@?e@ ?41%@%?9{&}1‘?1@1"?’6“‘&1 @ﬁé@ﬁb]%lc@ﬁm identifier
which the transnitti ng device i s associ ated; any
i19p8 ismrovidad.r Sbe fivedilocation idenifieel 08§ it emfigored do sxctive signals
status or condition information; or the Iike.

AxmopOk orgnore dbject iH0GRERB00 @hd thEnEMiteRitiRRdmERTE The

i nformati on may be repeated over nultiple signal

trEtPRSARitER Ao matis ATy rbddH/ed B8 the network connection element 900.
According to one embodiment of the invention the retransmitted information includes
the information provided by the object identifier 800, coupled with additional
information to identify the fixed location identifier 1000 that is re-transmitting the
information. According to an embodiment of the invention, plurality of network
connection elements 900, fixed location identifiers 1000 and object identifiers 800 may
be provided in the location system 700. In such a case, the network 400 may provide
communication among the network connection elements 900 in order to determine the

location of one or more object identifiers 800 by one or more network connection

elements 900 or by the use of other devices coupled to the network 400.
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transmtting i nput device status over ten

transm ssions to increase the |ikelihood of receipt by
w@ehensvanponents of the | ocation system The PWQJ/E81004/034908

identifier 800 according to an enbodi nent of the

invention is illustrated by way of exanple in Figure

3. TheA®#jaat by wenof txamplgGoofafioprdstaraadngimnodule 14, according to an

controller 810 and controller support 820. The ,

cambodohbmrof shepipweitiddi? @ ittastrateds by dey\od ek auple] dsamsludinghthe network

as a power supply, such as a battery or other

aguRabctiod 1dmer? V0V | 1€ 8 bE [chtiGiAldeROTER 000 BADILE RRFSR400.

various tinme keeping circuitry such as an oscillator.

Controll er support 820 may optionally include

non-vol atile nmenory. Various - 16 -conponents of the

controll er.support 820 ma tional.ly be .i.ncor por.at

Chto CRESREURE RO EmbaRaear of s ian e SR E FRTRr S0 and/or
external squrce, outside the object identifier 800.
Adeesrlasatignidentifics A Yirsrsaits yRripkenfsmaten. ofccqrping to an
object identifier 800 nmay be provided with an RF

t enalprsimnentent tIgSiDY et tHd$ mdornmtian fatradsexittehded botRF efid TR
the ‘i nvention the object identifier 800 may be

pei @il 0ptidrially ahe IfofmaRaIthiy B tr@kthitt ACeRr ShRGrieGignl.
further enbodi nent of the invention the object

| fedddihh & aBAbddnih Pyt HE thybhfidh, RAMnRE o Rific i BARMI I BAnsmitted
830 and an IR transmtter 840. According to anot her

SRSty LRG0 AR G, ISR v
e invention the o

anot her. e di pent of, t bj ect
i YRR derice gPaﬁhsy gBB%SHE}F%}W SAUSHCY - & ACRIRIPR 6@?5\/@ amr all types of
The object identifier 800 may al so be provided with an
i trgsmissops caic 79 IR mrd(apREsamvidentiffsicoespondingito ghefermsmitting -
buttons, sw tches, keypads, ports for electrical or
ofeviceadn tleniifier coatesmmding th agirbngr todehicle e, tranemstting device is
such as photo cells caneras or
associated; any information received from another system component; status or
condition information; or the like. According to an embodiment of the invention, some
information may be repeated over multiple signal transmissions. Examples include
transmitting input device status over ten transmissions to increase the likelihood of

receipt by other components of the location system.

The obj éct identifier 800 according to an embodiment of the invention is
illustrated by way of example in Figure 3. The object identifier 800 is provided with a
controller 810 and controller support 820. The controller support 820 may include
various items such as a power supply, such as a battery or other apparatus to provide
electrical power, memory and/or various time keeping circuitry such as an oscillator.

Controller support 820 may optionally include non-volatile memory. Various
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m crophones. Ot her types of input devices 870 may be
apparent to one of ordinary skill in the art upon

wo e@diony3z his di sclosure and are to be consi deP&rUS2004/034908
within the scope of the invention. One or nore input
devi ces 870 are configured to provide input to the
cempoaents of ieontolder gapparbS) mawoptienadlyberiatareeragd dutpdhe
take an action, not take an action, or to forward
i cooo et § MXDranH}sbaiﬁovikied friojreart eritetnal dolitcer oRide khe obgget identifier
of an RF transmitter 830 and/or an IR transm tter 840.
-80b7 - According to a further enbodi nent of the
i nvention an indicator 880 may be provided to enable
the controller 810 to output information in the
proximty of the object identifier 800. Exanples of

dovi coASRERTy BRSPS EREaES “ﬁh@ iren g St idiniaPo0 may be
horns, LEDs, other forns of ghts and/or displ.ays
evidad R R EensmiferE e e%ﬁcpgia%@ % @f@lﬁ%w‘a‘gﬂlﬁlﬁm of the

output information determ ned by the controller 810 or
rigeeitioadhdybjettadedifter 800 may & Prahdesiigtih a R itnapsrnitter 840.
device 870, RF receiver 850 and/or the IR receiver

8&Esording b e firthietl @mbodibeht $Q8e irfrehtidnithelodjeetlideiti Ne)B800fis
exanpl e accordi ng an enbodi nent of the invention, in

F;BIQWd@d drithBaeh APREGhankdRRE 880 85d SOk trénérﬁﬁth&sézfoat ed
two indicators 880 in the formof two LEDs. Three

|nput devices 870 are also illustrated in the form of
switches. Two switches are illustrated so as to

correspond.to the two indicators 880, whi hi .
swi t ch/geRsding to quf;?rrea%b@ 1176%3@195}3&@#&95 @lﬁ J&e@ tlf(ljer 800 is
the object identifier 800. According to this

iprovisled aithea Riftrsaivadi0. Aererdingta anndher cmbeitiznei of e invention -

| oner surface of the object identifier 800 is normally
pihs lobptct ideniifean nidyebeghpeded withrahilRirece1®32®@60s at t ached
to an object. Upon renoval fromthe object, the input
devi ce 870 extends, resulting in a change of position
of the input device 870. This enbodi nent

The object identifier 800 may also be provided with an input device 870.
Examples of input devices include buttons, switches, keypads, ports for electrical or
optical communication with other devices, sensors, such as photo cells cameras or
microphones. Other types of input devices 870 may be apparent to one of ordinary skill
in the art upon reading this disclosure and are to be considered within the scope of the
invention. One or more input devices 870 are configured to provide input to the
controller 810 in order to allow the controller 810 to take an action, not take an action, or
to forward information outside the object identifier 800 by way of an RF transmitter 830

and/or an IR transmitter 840.
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allows the controller 810 to be alerted when the

object identifier 800 is renoved from an object. Each
w@booshe39sndi cat ors 880 maybe configured to il | Rei/nst0e4/034908

upon the activation of the correspondi ng sw tches,

i nput devices 870, so as to allow visual conflrnatlon

of t hePeraurdingito adirgrer gmbodimephefl thainventen an/indiester 3§89 aray be

of these switches will becone apparent to one of
aqedvided to erabld the nontivdleaBtQ toSewmrtahfoexatigd mshe pryoximify of the object
illustration, include panic alerts, causing the

pdeeHks 00 8 EQarhples 6T indiatRe88Rinckad visuan) ahdib Rh@WHhatinal devices.
Ieast one of the RF transmtter 830 and the IR

)@&'ﬂﬁﬂé§ (Sﬁﬁes%‘iﬁcluﬁ B bR 1I8 XRTRL & o‘c'hefl Rorids 0¥ ﬂ%ﬂt@ and/or

an ability to configure a portlon O ocati on

e B B

cordl to_various enbodi nents of the invention,

Al caatreffer §19 prrrspive ‘ib)ﬁ Fhecrongplieraf 19 thyoygh theenput

obj ect identifier 800. A first method 802 is
ideviestS78t BH reqeiver §60 andger the dRwekicingr 860.an enbodi ment  of
the invention. An RF power level is set to PN, step
804. An IR signal is transmtted, step 806. The del ay
of m seconds then occurs, step 808. An RF signal is

t ransm bBféet iﬁ%ﬁiﬁe@ 380 1ﬁllﬁ§tfatt&ﬁ!3y 8l 8Y eRimple %@&)‘Pﬂlﬁé an

occurs, step 814. Pn is then increnented, step 8

Thid ﬂf&l&ﬁq tﬁé\zﬁw%ﬁ%\ﬁ' ﬂleﬁi e%“ b%}g%géc? &e}éuﬁ&l“%c@‘s ?l'ﬂlstlja@d with

power | eve varyl eve

0 S det erm
(B 4P RTS8 8 oot ?‘a : ehhresypH Aeieds 7 @reﬂlﬁé) illustrated
net wor k connection el enent 900, |ocation detern1n|n
1BkA ©rmpt swiichese APVRFWides ategiIngieaiad s A5de SompRRANG] the two
of the RF signals. According to an enbodi nent of the
iindieatoiso$B80, wile tlre thotl lswitth 8 H@isliRusirated=i a&i opymbmganeface of the
also transmtting information. Exanples of this
| bt idhtiGsr Sy Adwtdifietd i iBighgive sinbedigidht, iBé Mput device 870 on

transmtted, the period between transnissions, the

|tRE Wvher Qirthd 6 tRE 0biB& identifier 800 is normally pushed in when the object
identifier 800 is attached to an object. Upon removal from the object, the input device
870 extends, resulting in a change of position of the input device 870. This embodiment
allows the controller 810 to be alerted when the object identifier 800 is removed from an
object. Each of the indicators 880 may be configured to illuminate upon the activation
of the corresponding switches, input devices 870, so as to allow visual confirmation of
the activation of one of the switches. Various uses of these switches Wili become
apparent to one of ordinary skill in the art. Several examples, by way of illustration,

include panic alerts, causing the processor 810 to emit a specialized signal through at

least one of the RF transmitter 830 and the IR transmitter 840. A further example may
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transm ssions, various identifiers, corresponding to

the object identifier 800, information received from
WOr@5043980r e | nput devi ces 870 and/ or vari ous BCHUSZ04/034908

i nformati on, such as those pertaining to the

controller. 810 co?troller,sport 820 or other

CBNYR an RSy to gratigprecmnortionpik the lesatign systowe 7P simejelydy the

one enbodi ment of the invention the RF signal is

t 3chinatan efdbe &pat geviess &8conds and the IR signal is

transmtted every twenty seconds. Determ nation of the

frequency and |l ength of the transm ssions involves

consi derations including battery Iife precision of

| ocat i migurek 5809BMaM 50f i[URFARL 88cdrBineQ6 34Oy embodiments of the
i nterference anong signal transm sSions and netmnr%

t: | O - net. of an i ment .
PP virioht ex bl bR rafFRLeh 6y Ram 3R S6re8EBentisier s00.
r.di hi. nbodi nent, _.an RF signal is .
%ﬁ%mﬁqﬁ%&@éﬁ@%d&ﬁ gy éﬁ?orgl%neggoslz@rr@@éw@t of the
before the next transm ssion of an RF signal, step
gaventiogd elhE eawey leyel is b tRBN; ptap SAf.s dindR, sighal ispransmitted, step
signal is transmtted, step 828. The IR transm ssion,
st0ép TBR8lchayyofme seponds tih beovey swh\BORI tAn RFignal is transmitted, step
transm ssion of the RF signal, step 824 but this

SHON fRiter 0flay bEx bEoANE b&Ars, StePp 8l 4.SPn hd fHeh BfbrenIdiffed, step 816.
transm ssion of the RF signal, step 828 may occur a

t
s fﬂeﬂﬁ)dr%bgng+%ﬁe§ s%@ﬁnﬁilﬂﬁ%%i%&hﬂgggéwéﬂ%&Fw%ig«fga?ging an RF

step 824. A ay of c seco step occur’s
t t .51 of the RF signal, 828..According
e R | B B8 R BTy Ul S mBiniit egtion o the
thod 842 is illustrated by way of exanple in Figure
‘ g%“%@@&?é?r@otby? ﬁn% ae?(mh@mamtwe meRkP0q, docation
transmtted, step 844 and an IR signal is transmtted,
sletpm@ring madulsr I, ayreceiver3 () tosteneive less trababliofele RF aignals.

transm ssion in another nedium may al so occur, step

SM® ording tpdreamiod dimichitesf theidiverition, 664 oidisothl bF fha-TRAAARF signals are
(US), visual light, or audible sound. According to the

oA s BiEn g infbHAM . Fxampl R0 MiS M ORStTMBPinclude the signal
conti nuous, variable or

strength being transmitted, the period between transmissions, the length of time of the
transmissions, various identifiers, corresponding to the object identifier 800, information
received from one or more input devices 870 and/or various status information, such as
those pertaining to the controller 810 controller sport 820 or other components of the }

object identifier 800. According to one embodiment of the invention the RF signal is

transmitted every ten seconds and the IR signal is transmitted every twenty seconds.

|

!

i Determination of the frequency and length of the transmissions involves
considerations including battery life precision of location, frequency of updates to

location, interference among signal transmissions and network traffic.
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occur at regular intervals. The transm ssions anong
various nedi uns may be synchroni zed or randomrel ative

W@ 200608393311 Ssions in other mediunms. \ An exanpP@I/v§2084/034908
networ k connection el ement 900 according to an
enbodi ment of the invention is illustrated in Figure
6. A network connection el enment 900 includes many
conmponent simlar to those of the object identifier
800 i | Adwtthesmeathdsl/82hayf anfeneghoaimpérd of theFingentimnds illistrated in Figure
net wor k connection el enent 900 is provided with a
c3mt Aotdreing9d thiaaeibadiaRat, b RIFe giell pReddsmH*24d, step 824 and a delay,
Control l er support 920 may optionally include non

VQLA8Id ScclRBRFN e tl@ﬁéxl? Egﬁélr)[lssiéfr%f QURT eixhed bt%g:‘%tgh g{dependently of

8
the invention may inc e one or --20 -nore

f.ol | kn: th twor.k connecti o t 0: an RF
(e S Poisgion i RESERRGs GRIGHH r R Mk AR e heich, step 828
950, an IR transnjtter 960, an jnput device 970 and/or .
2 AEHOE SPBRaE0s D Hheiserisio s B Signalretep S800ut this
is adapted to receive signals fromthe object
i gebadimhprirof gooinvagoaris inpigsot lonigesl. ehtsdtinseussiopfofitheRF signal, step
i nvention, the network connection el ement 900 contains

; hé28dway eccandt agftimerdatvapa earanfmissivaiofitgRBisipmal sep 824. A
from ot her conponents of the | ocation system such as
ol BEf d feeHdsTster $3290uridisre tREANR ian GRREIBE L M RF signal, 828.
el ements 900. According to an enbodi nent of the
i nvention, the network connection el enment 900 may have
network connectivity software, a | ocal web server

object,identifier. analysis software, soft e, to .

C P hnor bRk o € il bhdif] e Fpshfon i Rnfingd 42 i

to a renote server, DHCP software and | ocal permanent
slﬁk}%?gﬁ‘*éi. bysway phs¥nrle hkiguientdi Aerdiae to Hus pbedimenh an RF

the network connection el enent 900 may al so incl ude

cogifal gpuransingted, step 8¢ endianiIRisigog iapphsmitted, stdpeSbs ekteomiing to an
t he mai nt enance and

alternative embodiment, a transmission in another medium may also occur, step 848.

Examples of other mediums include ultra-sonic (US), visual light, or audible sound.
According to the method 842 of Figure 5C, transmissions may be continuous, variable or
occur at regular intervals. The transmissions among various mediums may be
synchronized or random relative to transmissions in other mediums.

|

An example of a network connection element 900 according to an embodiment
of the invention is illustrated in Figure 6. A network connection element 900 includes
many component similar to those of the object identifier 800 illustrated by way of
example in Figure 3. A network connection element 900 is provided with a controller
910 and a controller support 920. Controller support 920 may optionally include non-

volatile memory. Optionally, various embodiments of the invention may include one or
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configuration of the object identifier 900. The
net wor k connection el enent 900, according to an

wepdsmiivent of the invention, may further be prOWUS®A4/034908
with a web server 990. As with the web server 340 of
the receivy 300, of | ocation system 100, web server
ST tetONlgFnE BriPe B PORE EMERERD JoUCRL909h R RE geceiver 930, an IR
provide or receive informati on or commands. In various
ditbueridat an BT ttahemitiey 860.ia0dR ttamemittdy 968y ancinp@3i@vivap70 and/or an
all ow for control and configuration of any conponent
ahdicher P8@.at i on system According to a further
enbodi ment of the invention, the network connection
el ement 900 may be provided with a network interface
992. The network interface 992, - 21 -as with the

A e e e St
Al di f
pEE L e N T L

infornmation recei ved and send this information as a
ofosnestionredgragny 909 eeitaing fandpireee afdfsofiwarg capeblam keagbangsignals
in some applications. A further enbodi ment of the

i inere mthep noppandntiesf the Hebddasatedy Guthacajeas idendfiesrP00, other
with then controller 910 of the network connection

el eBWBiki coBAELt o REenthatsI0RS %&Qﬁiiﬂ%ib AferbMneRchWhd fivBntion, the
the network connection element 900 or may be provided

%ﬁ@o&%ﬁﬂ&lﬁoﬂ Qﬁemflh 666 A2 gla{f@n%g%ﬁ{ Ekﬁﬁqb%f‘v@g% a.g‘ee Qlocal web

of the i nvention dat base

0 A ISR B 0PI ot

gfurt er, enbodlnent of _the |nvent|on a location

s@%@t I PRaYHis 1o 3 1emats sareen BiGRsprirare authlorel nermmen sterage.
According to this enbodi rrent a |l ocation

Accordmg to an embodiment of the 1nvent10n the network connection element 900 may

also include configuration, service and debug applets to be used in the maintenance and

configuration of the object identifier 900.

The network connection element 900, according to an embodiment of the
invention, may further be provided with a web server 990. As with the web server 340
of the receiver 300 of location system 100, web server 990 of network connection
element 900 is able to provide or receive information or commands. In various
embodiments of the invention, the web server 990 may allow for control and

configuration of any component of the location system.

According to a further embodiment of the invention, the network connection

element 900 may be provided with a network interface 992. The network interface 992,
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resol ver 100 is provided for conmunication with the
networ k connection elenment 900. In this enbodi nent,

W bhadsles9at i on resol ver 100 comruni cates w th OPET/U82004/034908
nore network connection elenents 900 to obtain
i nformation pertaining to the |ocation of one or nore
oftsj eigh thedstvorkiintefa®03 0a0d dogstien systern rl@0.oip cowfigired toayple the
| ocation identifiers 1000. The | ocation resol ver 100
naevyitre 1l to\al rbedlorikrt ODh e\ cbordingotb aaahibudiraerarof Heridwarttienpthe network
a conbi nation of both. The |ocation resolver 100 nay

CIAtBIEABE 09 B AlfaptBd RNSacREtAFHEfeRRL WRiTH afiBR RREfvie® Bnd send this
el enents 900 over a network 400. As shown by way of

| ) - o |.
i Rlafon o AERD! ey bEIANL R o PE L W fome
way ..of . exanpl e, as including the network - 22

-acp@fﬁ%t?:ocnison el ement 900, the location resolver 100 and

the fixed location identifier 1000. h this enbodi nent,

the network 400 is not included in the |ocation
deteraiining nodule 14, but optionally comrunicates

wi t h t Aduttiogranibodingket ef thernveption godvedebs datdbasd Maini on

resol vér 100, according to an enbodi nent of the

| don@Atuhioation witl theh keiitrélidr 930 battRhebyoraynmiction aldaiedt D00, The
Figure 8. As shown in Figure 8, a controller 0 is

RRMa8£906 fha§ Qgg}w&éatWi%n%é fetRofkeloMREHKion M EhdR9B0 or may be
120. The network interface 120 is adapted to be

g@égﬂd%&i ohQ nteR;orP %95\'8 rAléco gg1§ tg%ﬂ%g%{ige: %mﬁ&ﬁr%%%tt olfgfﬁé( invention, the

e optiona rovi ver

i ded i n communi.cation with a controller 1110. The .
Fatrhas Yo hasBe Brovid it ey aiaparcing s Taent DY g also in
to the web server 990 of the network connection
elieagbprmumppicaipswith Srechahweiki 400. Accordi ng to an
enbodi ment of the invention, the |ocation resolver 100
may be provided with a configuration capability to
configure other conponents of the |ocation system For

exanpl Recording id 9 AirtiRA bmBbdihttat bPHB ihwAti 68 FAbYAlonkYsem 710 is

may perform sone
illustrated by way of example in Figure 7. According to this embodiment, a location
resolver 1100 is provided for communication with the network connection element 900.
In this embodiment, the location resolver 1100 communicates with one or more network
connection elements 900 to obtain information pertaining to the location of one or more
object identifiers 800 and one or more optional fixed location identifiers 1000. The
location resolver 1100 may be provided in the form of software or hardware or a

combination of both. The location resolver 1100 may communicate with one or more

network connection elements 900 over a network 400.

As shown by way of example, a location determining module 14, according to an

embodiment of the invention, is illustrated, by way of example, as including the network
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or all of the follow ng functions: reset systemtine;

reset communi cations; disable all or selected input
walewsoe3df all or sel ected conponents, such aBCDDF®01/034908

identifiers, fixed location identifiers, network

connection elenents establish and/ or cance

HonpRatianickmren 80he logplionyesaluerald08 dnd dheplbrrsiipeation identifier

establish and/ or cancel privacy settings for specific

| 1doat hothis erhbodieteno the meowbikgldOds net incofedinrthel vicetadn datermining

protocols; configure receiver and/or transmtter

Gashilg U4, aut opSenadl hrtcﬁfﬂnﬂﬁné&'tesevl/ﬂtlmlﬁél&éaﬁGH ﬂbﬁﬂﬁirﬁng module 14.

si gnal types such as RF, IR, ultrasonic, or the like,

or transm ssion frequencies and the frequencies at

whi ch transm ssions are expected - 23 -An

i npl enent.ation interf al so Vld N . ..

conmunTPF R e B e arpin o Srlioding 8&@}&13‘{@8811 i

interface 140 is provided to_conmunicate mnth ot h

ol herd Qustratest ey 6F STATERIE OISR . o PITTT gHe 8t 2 controller

| ocation informati on and/or initiation or response to

cdifrasipro vidsd de semitupitatien with a ngaworbuistedfrembl28s T network

i npl enentation interfaces 1140 include XM. and SMIP ‘

phtEfacol 520 iehbgsted®roigdonpletay tHemeapedkr400t GontroNasseppdrt may also

ordinary skill in the art. A database 150 is al so

%Qﬁﬁﬁ%ﬁﬂl}e%&k}ﬁedw Wehsdrhg 11863 %@vldee $PL MBI with a

ext er nal e | ocati on resolver 0. The dat abase 150

' c%nﬁ?ﬁ&l ﬁq Pt q‘h§ Rxpe'bese%I: ?fﬁé ﬁ@ 1d; gﬂ?ﬁ e@glvgtolgltggels s1(1j1}11ar to the web

Ion O |ers

B2 o G5 AR ol S0 5PIPRO 5 ar | ous

enbodlnents of the i nvention, the database 150 may

store current and/or previous |ocation and status

i nformati on of | ocation system conponents,

associ Atdooding 66 ath embodinrensyithe mveohipy tisntosativnt et 100 may be
other or |ocations, privacy protocols and status,

tiapoildedwital @nﬁ@dﬁa@i@ﬁ cambling & estfpues otﬁ@ﬂﬁbnﬁfon@;hth of the location
'ocati on system conponents relative to each

system. For example, an embodiment of the location resolver 1100 may perform some
or all of the following functions: reset system time; reset communications; disable all or
selected input devices of all or selected components, such as object identifiers, fixed
location identifiers, network connection elements; establish and/or cancel associations
between all or selected components; establish and/or cancel privacy settings for specific
location information; configure network communication protocols; configure receiver
and/or transmitter configurations, altering or eliminating signals, signal types, such as

RF, IR, ultrasonic, or the like, or transmission frequencies and the frequencies at which

transmissions are expected.
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other, or in other descriptive terns, such as room or
| ocati on nanmes or by a coordinate system A database

WO niosimee 1155 may be provided in another enbpdi/Ds2904/034908
of the invention in order to facilitate interaction
bet ween it he dat abase 150 and the controller 110. The
dat abade inpleaientation ierfageyl 148 inalpepiasideddn compwnication with
hardware or software to controller O to enable the
camirotibd Eirl 00 The imphassitdtive intatfadealslel0 iSProvidedito asmmunicate with
exanpl es of database interfaces 1155 include JDBC and

QEBEr ARt dRe In 6v4arR| BB wWRY BR RRRARichQFIbRE6n ffformation and/or

ordinary skill in the art. - 24 -A method 2 of
9%@‘&31%%32%&“8?1‘%%%% k.&%%feah?%“%%@eﬁ%. SRRt
cighigon Qi b Ehab Fucthslerdyl amRMiptiRaleplnbme B mey
el enent 900 104 The. | ocation resol ver 100 then

dlea EparaRb o ‘hﬁﬁ inary silkinfhaprtwas recei ved, step

106. If an IR si gnal was received, data received from
the transmitter and receivers location is made

avai |l abl e, step 108. If an IR signal is not received

t he | opatatadase EIS0liy also pefidddegsiksr WithiwaRe ldcatidh fkolver 1100 or
signal was received, step 12. Location resolver 100

ab38mGNBE Ktation r%%@lvblf 1. Rnedatidale VB9 i§ 8&HtaRd stk ﬁ{formatlon
making any data available fromthe recepti on of an IR

Sfegatl%lg tgﬁl%l lhgak%io% ot‘?ﬁlg Br gn%% ?ﬂ\}gct ﬁ‘%@% ei%' SO0 Bﬁgﬁal fixed

recel ocation reso according t

odl ention return ain t .

¢ bt ariters |\ Dambls Hebtais et EemssRohetcoubi to various
If an RF signal was received, the |ocation resolver ,
1emb@cbtn@nfﬁ1c>% ¢he inpentiony thedatapisedd Al mayestons icyrentmgfor previous
1114. |If so, data received fromthe transmtter is
ndatiavaid stdihsinfertiation 9§ hgetiomslisteat comgpdrizats, 4dsecietigrectf location
identifier is within a large radius of the network

system components with each other or locations, privacy protocols and status, topology

data indicating locations of some or all location system components relative to each
other, or in other descriptive terms, such as room or location names or by a coordinate

system.

A database interface 1155 may be provided in another embodiment of the
' invention in order to facilitate interaction between the database 1150 and the controller
1110. The database interface 1155 may be a network or other hardv;/are or software to
controller 1110 to enable the controller 1110 to access the database 1150. Various
examples of database interfaces 1155 include JDBC and ODBC, other examples may be

apparent to those of ordinary skill in the art.
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connection el ement 900, step 1116. If the RF signa

power was not high the location resolver 0 determ nes
wob@sher93s he RF power was nedium step 118. | fPEDUSIAL/@34908

received fromthe object identifier is made avail abl e

with a nessage that the ohject identifier is within a
ormal | Armethed 440290 Qméatw&ﬂ%wloe%méemlm 140 ﬁ?rﬂng an
step 122. If the RF signal power was not nediumthe
trobadiment ofgbe inventidoB i tediin Feguip 8¢ Rbe ladatiorresglivgh b1 00
power was |ow, step 124. If so data fromthe object ‘
{rghentyl waier foBARut Romedeceveai suwhlas thd ndiwerk domdéeaini sdement 900,
that the object identifier is within a smaller radius

th% § 64, MBRMRE K dTARER 6411 1900 Bl ARAmARR wiRHRP an 2R sighBBwas

ation resolver 100 then returns to await further

PR R 1P Rl s G MM  pmiverand

t he, met hod. of. Fiqure.9 b c i shed b sin
FCSiER 19108 it Rafe GepoiErdigRt Kt C@% Sigpaly hebrgeiand the
ower output transmtters, h_using constant power )
aipen reslaps hi00 cheeks tp sesil v R Essigfivd Was r9cshigensters 1112. Location

categori zed according to signal strength, such as by
tdselvas &1 0ff also dheskoigrsaamifl adRD sighalgvasoeeaivesindfted mmlsing anfy data
the invention, the network connection el enment 900

avARBid fr@f 115 ©B&tioaldTan IR Righat Miallalsipetéy 1108 ANgERFasighal was
may pass an indication of the appropriate range to

ggﬂ(}g&i{f&f ald 1?8%@5%%&%@@ D& Sing A5 £PEMADOEIeRt GNAE Bfention

dinment o e invention, the network connection
element .900 pr.ovides a si | .St t
iR aeain ¢ p A ReRabl R R AP ot it e 0. an
the.location yesolver 100, allow ng, nore precise
Riignel wapfeceued; e cafigfhEpsoly ey ﬁrﬁ)@t%tqw tethi the RF power
According to one enbodi ment of the invention, RF and )
wRs biginstep 41 Hentitsh, datareacived fren the trangmifigeisghade available with
approxi mately 20 feet. O her enbodi ments of the
nivsent inticatimyg thatthe vigeetddamifiens vaitlgnallarge ratigg &f thé néivork
and/or IR and/or other signal types, such as
connection element 900, step 1116. If the RF signal power was not high the location
resolver 1100 determines whether the RF power was medium, step 118. If so, data
received from the object identifier is made available with a message that the object
identifier is within a smaller radius of the network connection element 900, step 1122. If
the RF signal power was not medium the location resolver 1100 determines whether the
RF signal power was low, step 1124, If so data from the object identifier 800 is made
available with an indication that the object identifier is within a smaller radius of the

network connection element 900, step 1126. The location resolver 1100 then returns to

await further input from one or more of the network connection elements 900, step 1104.
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ultrasonic, ranges to a few inches, feet, thousands of
feet, or mles. Another enbodi nent of the invention
WO pwslo¥3®33 varyi ng signal strength anong vari ouBCT/YRES4/034908
of object identifiers. A nethod of operation of the
| ocation resolver 100 involves nultilateration.
Ml t i | Tatsemglerstapddbateheimedwd of dagure A nimy herascospligfed by using
deternmining range froma relative | ocation.
Mudrisinlitedre that vany i aotpep@edfor byedndiyntposien ghiput easinigers. In using
but is best acconplished by multiple receivers. An

okiinSteht Saver bRipRf trhfenitie&dtdcOReddigRd %ﬁr’é‘ﬁ% ?@éa@%on@&’d according to
e

cal cul atl ng its range from one or nor eacons with

B SR SRR B R ﬁ% Erh AoEog A R ent of the
f lt&.%e th s AP FeiP (it st i ini specifi

-detern1ne location. It is understood t hat an absence
orngesging Ay RaREN fnicalipn of the appropoialsirargeda oshesilenstipn system
for purposes of determ ning |location. An exanple, for
pemesiests.o Actdrdingt to anothear embodilmentrafdlee mventiong theRRetwork
signal but not an IR signal may indicate a transmtter
O¢tinn&dtionR1dnaéiy 00 prowddshil sigrfaF stEedipfieval@d thiathshy Bepaskd to other
line-of-sight if required for |owerpowered IR

t f r
LSRR St S8 U A0 e i

I.r%}aF rsysaofsfeg:?ve% a¥st9 ngEIhirnf Fniafl§ I fic transmtter.

I'sone exa e use of both RF and IR for
determi nation of | ocatl on. h addition to current
signal information, other information may be used in
determ ning | ocation. Previous |ocation information
may al Aecasdingdeend embediment ¢ff thyinygriiam RE anddR; gnal strength are
Locations of other |ocation system conponents nay al so
badjusetiol arangd eff approximatetyc20 feen. Ofher crab@dipieats of the invention may
| ocati ons of one or nore network connection el enents

9%0olve A8 uStind R fs.tré@gi!h bPREtah@/r IR 8Ad/of biBESsiHA B buch as
ot her object identifiers
ultrasonic, ranges to a few inches, feet, thousands of feet, or miles. Another

embodiment of the invention involves varying signal strength among various types of

object identifiers.

A method of operation of the location resolver 1100 involves multilateration.
Multilateration determines location by the use of determining range from a relative
location. Multilateration can be performed by a single receiver, but is best accomplished
by multiple receivers. An object can infer the location of another object by calculating
its range from one or more beacons with known locations using some type of signal
measurement. According to an embodiment of the invention RF signal strength is used

to determine location. According to a further embodiment both RF and IR are used to
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800 may be used in determning | ocation of a

particul ar | ocation system conponent. According to one
wepdsmisivent , establishing relative di stances beCTHES2904/034908

addi tional nearby conponents and the conponent for

whi ch location _information is desired assist in

edtaplinsiorsipra If iscndpisioodithal 2 ebsnee opasignalihairs expected is

According to an enbodi nent of the invention,

t qosnislaied i signat for @yrpvags ofaleleraumming IQﬂ;hﬁ(blerAntexampbsfomburposes of

obj ect identifiers. Transm ssion rates may be adjusted

| ifugtedtdh] ©Ahd Reéipoft HHIEE Sinalljue Bt dn0IR Mbih dydadichte transmitter
information is desired. Exanples include |ow

L&A r(1,§ MR $atoRBuf RitES BIPFan@P &9?& ol Ot 15 b Ysi Siheak fe?lﬂﬂéé’ for lower-
such as eqU|pnent typlc ound in a particular

room

HetTard T LR RS o MRl e o ."Cgﬁﬁwﬁ {FBeZlrop RF and IR
- 27 Another thod of detern1n|ng | ocation invol ves
AFAEUSS{ong ﬁESPBgE IS AEREFY O 9Lt SoRERICRRERItes This is one
determ ning | ocation involves triangulation. An
essamplleoighe vsreofdrotinBF end fIR tfored dternsaasionpfiesatiodol ogi es

are described, for exanple, in U S. Patent No.

5,774, 876, which is i ncorporated herein by reference.
Bayesian networks are al so described in Castro, Paul

et al. aﬁdﬁfoabaeuﬂrerﬁtsi@aﬂa%ﬂﬂaﬁsﬂtdt@& PR MbESh fnqp be used in

Wrel ess Networked Environnents” hi: Ubi conp 2001
L@t%@ﬁg&gﬂ% uf’fe&%xs T(g“aﬁgnlrlr‘g agi%h'n‘i’é C%’@ﬁs%ﬁqgggtfmumng

Proce Edl ted i del
OPRER-A TSt ?%@ﬁgn ¥ oo Ppandit S5y Ap B used in
Thi s publlcatlon |s i ncor r at ed hereln by reference.
gdprstion. ER?G Honyof R OF MEE RefieTIpFonnection

| ocation determ nat ion may be apparent to one of
ofletnents P0G lonk for mor¢ fizedlocatzonddenteficrs t0Afcd atherivibject Weentifiers
scope of the invention.

800 may be used in determining location of a particular location system component.

According to one embodiment, establishing relative distances between additional nearby
components and the component for which location information is desired assist in

establishing a location with greater particularity.

According to an embodiment of the invention, transmission rates may vary
among different types of object identifiers. Transmission rates may be adjusted in
relation to the type of object for which location information is desired. Examples
include low transmission rates for objects typically stationary, such as equipment
typically found in a particular room. Whereas people, or mobile equipment may be

better tracked by more frequent signal transmissions.
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Anot her technique determnes a |ocation of a

transmtter without requiring the distance fromthe
wo@Dbjosns3zlentifier to one or nore receivers toP@EUS2004/034908

preci sely known. This means that the overall system

can be much sinpler and hence | ess expensive. This

t echni 40etheimethod of deterapimng 1ﬂ@at1@npw>éms|%ﬂeaﬁmrg&ayame@network-

and then estimating a target location within the

pbiferihéranethedt gledetamasing Twotiom irtvotiek tigAngslation. An example of one or

acconplishing this are provided bel ow. The first

nblosfohe @iredodkmefhotoRyRs hapteshiiiade &5t ez@AFR, B U.S. Patent No.
receivers to define the potential target area and is

i 5 ussratadc R 11'%&09}(56 188d herehPhy rekiense sitk hBQARL LY also

determ nes a pot en target area Wt hout reqwrlng

YR b e o s
5ﬂé§%ﬁk§ﬁhégﬂﬁa¥en§£g?n the her thods d'%&%ﬁ?% i

Techni ques from any of these net hods nmay be conbi ned.

- Inpgnatjonal Genfeience, Adantadaeangia, USA. Septamber 30 - October 2, 2001
illustration 1002 of which is shown in Fi gure 10,

t Procecdangs. Bdited b €1.DeABowd 041, dTuddclDf s, Gandtnyh§@enger-Verlag,
transmtters 1008, 1012 and T3 1014. There are three

r200as INOS 2301, 3! 08 AU TBASHuBIREESY BlincofPorficiheFcdn By teference.
t he deS|gnator for the recelver and mis the

id??xlng RaAtifhs SfQhes '%%?etﬁﬁg%a oﬁleh et o to?[ ﬁtlc]n &élg{rrlﬁp?&% may be

rated in Figure |nary

Rt it GO R iRt 5 finas éﬁﬁﬁf}?lgﬁ%ﬁv%ﬁﬁﬁ”fh%?cgpe of the

conpl ex calculatlons In the exanpl e enbodi ment, the
Z@¥%e¥io%k e actual Iy three di mensional, but can al so be

two di nensional. According to the il | ustrat ed

enbodi ment of Figure 10A, the steps to locate a
transmtter are set forth. First, for a given

r ecei vAnoththeclaigieadst@aiihd¥al 18satidne 2ar@ skt &ithout requiring the

distance from the object identifier to one or more receivers to be precisely known. This
means that the overall system can be much simpler and hence less expensive. This
technique involves determining a potential target area and then estimating a target
location within the pofential target area. Two methodologies for accomplishing this are
provided below. The first methodology looks for overlaps between zones of receivers to
define the potential target area and is illustrated in Figures 10-10F. The second
methodology determines a potential target area without requiring overlapping zones and
is illustrated in Figures 10G-10K. It should be noted that the two methodologies
discussed below, or any the other methods discussed in this disclosure, are not mutually

exclusive. Techniques from any of these methods may be combined.
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a given transmtter is |ocated 1016. This may be
acconpl i shed according to any suitable technique,

WO p@ba0eiosyy, but limted to RSSI, TOA The systBCT/US2004/034908
continues to estimate zones until all the receivers
that can receive a signal froma given transmtter .
have tlrdhe figshmethodalogy mnr@mpledllysiyatiangkd08 of ediedyis shown in
(Zzn-m , (Zn-mM2, (Zn-nm) (Zn-n) where is the nunber of
rigeie vy thetehat twarechivars, B fi0dend (Rodi066j andahret Gh8smifters T; 1008,
systemthen determ nes or calculates if there are

OREI018R8d TR 180y, Thert Bt tHRkeinEs (Bhe2)uReSndldd2R recdBrer:iZh-m where n
t he above exanple, T3 can be |l ocated quite precisely

gg ?I%lr']ﬁ-;egigbéto% ﬁorI tﬂ&f&?@elj dhdl % #e td@ﬁ%#ﬁ!)r fol 'ﬂga%n@.;%gﬂ%ough three

e overlappi ng region zones 1-2

Z2-1. whjch is.relatively small, Tra 1 tier .can also

Fonps b dnfebalRun Fithe IR ontiuary MRl fagigftcBodfe that any
potential target area_defined by the overlap of zones

dHnbep of zongs iceqh%%\}l%eé- Mes Zanesignd tO&vglﬂqr&ﬁiﬁlsﬁ@ itggore complex
The system neanwhile | ocates transmtter sonewhere
viaidulationsnkn thg example 2gbofimpant.tthe zonds aredsiuedl ydheeadiraenssonal, but
a fairly sinple case. A nore general exanple is
desaidolirdwbalimensidgtune that there are N spheres and

that the position (x, y, z), outer radius (R) and wall

t hi ckness (t) are known. The goal of the cal cul ation

is to find the area of intersection between each

sphere, . T . ' g '

a1 or Apqhifilg i B8 iitediaab e R AREH DR REE B ocato o
intersection areas_.for.the.individu spheres. The

PBRET arekt A R Ph e EiveR geatbitahe A S imApSibe zone where
are intersecting b¥ cal cul ating the di stance between )
theiver Frersnaitier isdorated 194 p e Ehig meyheiseemplished agcoadiag fgyany suitable
to the radius of the spheres. For any two spheres (]
amchique, invhuding bahimited| teeR 58k TIOA. Thesystem spiiamestosstimate zones
interacting only if < (R+ . Simlarly, three

until all the receivers that can receive a signal from a given transmitter have their zones

determined. This yields a vector (Zn-m);, (Zn-m),, (Zn-m); .. (Zn-m), where P is the
number of receivers that can hear a given transmitter 1018. The system then determines

or calculates if there are overlaps in any of the determined zones 1022.

So, in the above example, T3 can be located quite precisely because it is located
in the potential target area defined by the overlapping region of zones Z;.; and Z,
which is relatively small. Transmitter T; can also be located quite precisely because it is
in the potential target area defined by the overlap of zones Z;.; and Z,.;, which also have
a small overlapping area. The system meanwhile locates transmitter T, somewhere

within zone Z,.1.
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spheres (j, k, m are nutually intersecting if (R +
J, d < (R +RJ, and ) This can be continued for

WO ows5/0§3983 nore) spheres, but it is unlikely thBCT/IB2004/034908
than four spheres nutually intersect, unless the size
range is very large and a sphere can be envel oped by
anot heNotihat tbe ahgye ampnisehily dmpie eset Homore gﬁ@gal example is
of mutual interactions can be classified separately,
adesciibgkebdownAdsnimertbatthen aGabespheientand dledt ithmpb=tioren v, z), outer
two spheres Case 2: nutual interaction between three

splisqR) Gageval thiakingsy (1) ft&mashi OThdgdaMEthd edlEulation is to find the
spheres. Case 0 is trivial since the area is zero. A

S&ije&' bF ﬁfﬂergé%rtloh Betwdah Gh&E bl%n Tlefahk WtaCase of‘m‘te?sectlon between all
be ow. Cases 2 and 3 bec more conpl I cat ed

U B O R 0 individual

approximation is to - 30 -assune that t he correctlon
®t%e nutual interaction between nore than two

spheres is negligible. This is a good assunption if is

only slightly less than (R + R) . For Case 1,

consi der the geonetry of 10B. The intersection area

1024 i The afgeoadchtintine exatyele i sioelcheetniweaifl spHeeest ano ir@bentiag by

1024 and 1026, and is in a plane perpendicular to the

| el 1h6 ARt bBigvebh EheCRtted &F tBE spitPosHRdRbBParidgitdit distance
area A 1024 has a C|rcular shape of radius a and can

bg @ kzﬁﬂl!lsa&qﬂe ¥ W sgﬂ‘lel%§ ﬁfaeﬂraakgt the th'tance E&ﬁaﬁlon is:

equati on even I ons,
shown in Fi gure effect [ veI y

penet r at ed idlﬁ{:t & ; cand rp(yj—eikt)%en(zjspble)ze has not yet

reached

The two spheres are interacting only if d j; < (R j+Rk ) Similarly, three
spheres (j, k, m) are mutually intersecting if d j; < (R j+ Rk ), dijm < (R it Rm), and

dgm < (Rk +Rp ) This can be continued for four (or more) spheres, but it is unlikely

that more than four spheres mutually intersect, unless the size range is very large and a
sphere can be enveloped by another sphere. For convenience, each of these types of
mutual interactions can be classified separately, as:

Case 0: no interaction

Case 1: interaction between two spheres

Case 2: mutual interaction between three spheres

Case 3: mutual interaction between four spheres.

Case 0 is trivial since the area is zero. A solution for the intersection area for

case 1 is below. Cases 2 and 3 become more complicated, particularly when the radii of

the spheres are different. Until those cases are solved, a good first approximation is to
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the plane of the interface area. Figure 10D shows the

center region of the smaller sphere reaching the pl ane
wW@booshe398nt er secti on area, while Figure 10E shPolUS1004/034908

center region of a larger sphere reaching the plane of

the intersection area. In either case, the .

iavene et thereoreetipnor thepauthaldniceasting betyeeen iease @anttie spheres is

gap of the center region of the sphere that breaks the

ieighipibéec €Tk iEnegocdrassumptidnl if key isnahededy bes duse(Rof+ Ry ).

the curved spherical surface area. Simlarly, Figure

10F shows that the common wall between the two spheres

has di sappeared. The interface area can include the

conmon_pl ane between the two spheres (dashed) but may

al so ikre1Geage 1t erasidhar the gepma@y of L9B.adbe grtersentionrmedal 1&24 is taken at

sphere. Wether or not these situations need to be

dbe giteiézcedetvecenphe tvaspheten 1004 apd 862 tind isdnalpdanefperpeadicular to

initial treatnment, only the planar area of

| th Bhs @028 &ﬁm‘ébtiﬂsg the céﬂt&@bﬂhs sphe®s RhiBafeaCRNOLNRIL Drcular
expressed as: = p < These assune that the |

The upper
ca§§£§%%?ﬁ€2i§g§ggﬁeEﬁghgégzﬁﬁgﬂ%ggoﬁgﬁgégcase applies
when b < (R ] . These equati are valid as |ong
as theA§“HElB{M§@méL-sz—RQLSRag%Ehe bi gger sphere or
d <R. Hg Ithi s &onstrai k an be rel axed
slightly softhat . For conpleteness, the expressions
for a, b, and c are: =5jR? - a = R?- As a sgecial case,
the s pTﬂ@s equpdienisecmapnhie fortlerghsingsraniioaspraishova ireligrre 10C, where
Thi s provi des nmuch sinpler expressions but nay not be
dpplh et be. effectively penetrated but the center of either sphere has not yet reached

the plane of the interface area. Figure 10D shows the center region of the smaller sphere
reaching the plane of the intersection area, while Figure 10E shows the center region of
a larger sphere reaclﬁng the plane of the intersection area. In either case, the intersection
area will be reduced by the area of the gap of the center region of the sphere thét breaks
the interface plane, or it will be increased because of the curved spherical surface area.
Similarly, Figure 10F shows that the common wall between the two spheres has
disappeared. The interface area can include the common plane ﬁetween the two spheres
(dashed) but may also inch;.de the curved inner surface of the smaller sphere. Whether

or not these situations need to be considered is optional.

In the present example, for an initial treatment, only the planar area of

intersection will be treated. These areas can then be expressed as:
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Anot her net hod of determ ning (approxi mating) the
| ocation of a transmtter can be seen in Figure 10G
wabios/omeshod 1032 conprises the steps of det er P TUSPOH034908
potential target area (PTA) 1034 and then estimating a
target location wthin the PTA 1036. This nethod is
partii y us in_th i tuatfi o one
mheréfh%t*%ketkf]néﬁdvgkl > ‘g—‘éﬁaggﬁgék Z%he§- <Ry —ty)
npt joverl ap due to interflerencekin the transnttter
si-gnal” hut; an roxi mati gn,cany s %ﬁge §ﬁ ?
nor 'éB al(Redtj w R hak; RJt‘ [‘ Wi } R; —t
Figure 10H. The step of dgter g the PTA 1034
further conprises the steps of |dent|fy|ng t he
recei ugr | f
tr anor e T g3 CRReEs 21368 s IR dak sphere The wpper
connectlng the rgceivers 1042, determ ning zones
AReRFP e IR Cat (R 5 tr WALl fiseat $356 2Pl e BisdR i —ti)
the poi nts where the lines intersect the zones 1046.

s@ééﬁtﬁﬁ@ﬁr@'vﬁﬁ& aB¥or! %Q@ tILe' e ﬁjﬁe&eﬁ o‘iﬁb@detﬁéblég@r sphere or

eStIITHtI e target [ ocation with

the PTA i acco n ent f the
F’%&; K deire i Fag br OB sHERTES flt 0y, o
several nethod for flndlng the center of the PTA An
exanpl e where there are two receivers with zones that
do not overlap can be seen in Figure 101. First, the

two r %%'c\sﬁ%%té&é@ AL &éiréé@f&hb fdredpamd'egei ving a

si gnal Il fe segnent 1054°i’s generated between

the receivers. Then t he ya ei vers
are determ ned. Thgn_llne ]§q§2e4ﬁ atst ause
there is only one intgyse T bk éac izon&y are

generated at the |ntersléct|on of the line and the
zones 1062._ Th bounsed by[the banfents, BRG)ZT

case the |iR& Bamett FnR § he pec@fyBis Uis t
The center of the PTA, Yhere Tgund al ong the I|ne

connecting rec pr v%des ~good _ap rOX|h?t|o f
the target t Re - mRRr—El 4R R ]7
Rl et

As a special case, the sphere can be assumed to have an equal diameter. This

provides much simpler expressions but may not be applicable.

Another method of determining (approximating) the location of a transmitter can
be seen in Figure 10G. This method 1032 comprises the steps of determining a potential
target area (PTA) 1034 and then estimating a target location within the PTA 1036. This
method is particularly useful in the situation mentioned above wherein there is no
overlap between zones. Zones Irtay not overlap due to interference in the transmitter

signal but an approximation can still be made.
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An example with three receivers with non-overl appi ng
zones is shown in Figure 10J. First the receivers
WO e@sioyiosy) a signal are identified Then |ine sSPCRENL084/034908

are generated between the receivers 1064. Then the
zones 1066 are determ ned. Next, lines, here secants,
are generated through the intersections of the |line
segnents and the zones 1068. The area bounded by the
secant A niwt ideaged AewRTArt b0 s mBdod isshoiwigindtigare3BH. The step of
-estimating the approxi mte or exact center of the PTA
Pdewthging DA 18P fiaxieBéhpiised the d€pst i @aitiflias @d Beivers that
of the transmtter 1074. This nmethod al so works when
t \/ . .
R A o IR L, S Sh HE ke Sspements
and the PTA 10.76 approxi.mation of t t ar get .
B e Tt R SRR iR R oy e s (i eoncrating
gﬁea of qverlap as_di scussed above, This nethod may .

nes tlggug}gglg PRHEs Whersthe [mesintersaefi the £9ess 1976 The area contained by
over | appi ng and not overl appi ng zones. Privacy
clbatined entinesithe M4 Bsthasxaminted estimogting] the target dodagion within the PTA
information for one or nore | ocation system
cH¥panarcompliBiddiacfindiny tHeecare ofhk iPIke dOh Rkidled & thetayt will
of ways. For exanple, privacy may be acconplished by
NRkodide thékelaf€ fdvieil nidi A IR @Rg MeichRPbERIPTY not
determining |location information. Privacy nmay be
managed by an opt-out protocol, requiring an action to
establish privacy. Privacy may be nmanaged by an opt-in

protocgl, requiring.an action to cancel privagy.

Pt - oot BEARE SUSEB e b SteBEes0a: zoses e gt overlap can be
action from establishing privacy. Various protocols

rigen BeFiguesdl Oln Fastahedwoiteseivarg H4S$ ae m@aﬁpg AS Eppeiving a signal.
Different | ocation system conponents nay subject to
dlfeherlaretsegmentoldSidds gébeaatpd betwieercthe decoinars. olisenghe uprses 1056 of
of object identifiers being subject to different

phe teeivkss, ars deforninies OMRerPRiRR |(Berd Bin@eiite bs&huee thefe is only one
privacy

intersection on each zone) are generated at the intersection of the line and the zones

1062. The area bounded by the tangents , in this case the line connecting the receivers,
is the PTA. The center of the PTA, here found along the line connecting receivers

provides a good approximation of the target location of the transmitter 1064.

An example with three receivers with non-overlapping zones is shown in Figure
10J. First the receivers receiving a signal are identified 1058. Then line segments are
generated between the receivers 1064. Then the zones 1066 are determined. Next,
lines, here secants, are generated through the intersections of the line segments and the

zones 1068. The area bounded by the secants defines the PTA 1072. Determining or
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protocol or a privacy status, such as privacy or no

privacy, while object identifiers used to |ocate
we@uwsp#med my be subject to a not-opt-out proPOLUE2004/034908

According to an enbodi nent of the invention, protocols

or privacy status may be assigned through a

estiotatipg teeppraxgmetapalskadt centenrpidheBEA nravides ageod approximation of

Accordi ng to another enbodi nent, privacy status for

ot tarpetdscatiph obthe tpmeiniienl1874my be acconpli shed by an

i nput device - 34 -incorporated in the |ocation system

conponent. Optionally, privacy status may be confirned

by an indicator incorporated in the |ocation system

conpongpl v, AR Oa‘i%oa\;vln?ég %vh%ﬁ&ﬁ?ecic%ﬁaé Ber [ ?%‘L%{c?ﬂptég gﬁ%{&éé situatioﬁ

objectsor wt ocations nmay be esta

of the use of iatjons include: determ.njn

o shetaiteEiefir i o Betrns Bt s pPai P haP s 076 and

that may be used to alert a fall of a person .

r PP EISHn @fothﬁ nqrgﬁdggatllg@ of the tEnsities HR$ are found within the area of
associ ations; location & equi pnent associ ati ons;

f oveglapl agdisossabawmyealhzraethadthagatsorbgtused yheh ihege is a combination
According to an enbodi nent of the invention,
asfsaetlappiogatdi@ioveilagpingBshebe stored in a database.

Associ ati ons may be perforned through a

bat ch- processing capability in a user interface.

According to anot her enbodi nent, associations may be

acco - an in : i

ocat DT SoRtiB Ak i SR SAFROREILEAES hfbrdlon for one o

status nay be confirnmed by .an indicator incorporated

i /Ot CE}t’&éa’?@’?"S‘i‘i‘ COYPOBFRTE ohBBRfE Y @1@"8’5{‘8&8}3@ IR yafigyof ways.
1 activating an input device on an object identifier,

f Foretampleapilvaeyiasns adcemplishoddryist knakggrleeatioprinformation

el ement. An indicator indicates, such as by an LED or
souailabhle bhby neisdberiahing hocation befomeationr Peryacydmay bpuianaged by an
device may then be activated within a limted tinme on

, Idﬁ??rdt&%ﬁtrb(ﬁﬁriﬁg/ﬁﬁ 8EACHABROABINL privac BEvATY RS} BSfanaged by
identitier, to establish an

an opt-in protocol, requiring an action to cancel privacy. A not-opt-out protocol may

a}so be used, preventing action from establishing privacy. Various protocols may be
used in combination within a location system. Different location system components
may subject to different protocols. Examples include various groups of object identifiers
being subject to different protocols, such as some people able to select a privacy
protocol or a privacy status, such as privacy or no privacy, while object identifiers used
to locate equipment ;nay be subject to a not-opt-out protocol.’ According to an
embodiment of the invention, protocols or privacy status may be assigned through a
batch-processing capability in a user interface. According to another embodiment,

privacy status for opt-in or opt-out protocols may be accomplished by an input device
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associ ati on between the conponents. Events or actions

may be initiated based on | ocation information
w@s®enimsd on i nformation or input device stat uBCT/U82004/034908

changes in any of these. One exanple invol ves sendi ng

information in response to an object identifier being

vinedrperatedrin Higdoeftionsystemmempencry. Shvienalls privaeit stefs magy be

exanpl e i ncludes pagi ng a doctor when a specific

phfienéd by beinslicatdr st porated dn te.loctijoasyszacpinpsnaft.

actions include entering information in a database,

sending XML data containing the current |ocation data

and status of a |ocation - 35 -system conponent onto

the neAé@BEilﬁtio s%fﬁ:%%b'e%tst\bﬁlﬂ Hiter 8!%'6?}% Bg%gﬁ tions may be

monitoring applicatioff typically use care

PPl aiglon o 5 155 ¥ afabRGH o FoRl g rocedure times

herein, includes a wde variety of facilitjes

8wt BIZaoRAPEK MY ¢l Hept meay Herised faaleit ad@lf of @ person, regulatory
Exanpl es i nclude hospitals, managed care facilities,
amsipdiaack, parsen Bagjuliprhéng essmatitiohs; doasion Ehequipoentiasseciations; friend
system according to an enbodi nent of the invention may

e feondsbgbtiad, il Jeathtikchbilinge Quesidifi@to dnhenbodd@ent@T tief
a particular patient, or the cardiac nonitoring

SRR MssSAMH RBrRBohAY e stth&l InCF@ltaiBe. SXSdoBM6A M may be
t hen auf omat | cally reply with location information to

. : LUt ‘ e n .
S5l b P LR B BhAM P 8B b ins o
activation_of an input device on an. pbject ideptifier
olpedpippuien driocfiions iy PEArconiiishd Mo gt deyigs ncorporated
| ocation information forwarded to a health care

iindke logeatigssysisrenmpeaento Opipnalbyn asencigtion situsaneebe sgyirmed by
by health care institution staff. One enbodi nent of
tdmandicatenirncorporayd inrthe tdcatten systdm eondporepar Oné etamngladsolves

to unl ock a door, or activate other security ,

etk  inpiit deQ@FR@A%A obfect RieAtifie fiked RCARIH idBntdfier or network
i nput device status. O her exanples include pages, WAP

NRAREAHRY el RY iRaiBRb} ﬁldﬁ:%\i—:s,as‘ﬁt:ﬁ \c’lé"Hf 891 8D or sound, that

association can be performed. An input device may then be activated within a limited
time on another location system component, such as an object identifier, to establish an

association between the components.

Events or actions may be initiated based on location information association
information or input device status, or changes in any of these. One example involves
sending information in response to an object identifier being within a range of locations
or a specific location. An example includes paging a doctor when a specific patient
enters a treatment area. Other examples of actions include entering information in a

database, sending XML data containing the current location data and status of a location
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canceling alarnms. According to an enbodi nent of the

i nvention, the conponents of the | ocation system do
wmoeaosnedsansnit signals if they are not recei vEGI/UR004/034908

wai ting until the next schedul ed transm ssion,

transm ssions throughout the |ocation systemarea are

roggeeePrapmment e thermetiverkd i ¢xample sshanse ofechacdiak mPhigoring

fixed location identifier 1000, according to an

eappbidativertypioblly heediimuépdlilocare mstitution tforadeedviny aweyorddf a cardiac

exanple in Figure 11. The fixed location identifier

1083t. | BheStefth el Guré hiRtiRbe s use@Rérefn Bic1RRYa wide van‘Aety of

. 2

illustrated and described in relation to Figure 3.
B R e R IR E BB iy hospitals,
recei vers 30,. 1040 050 .60 . he ovi ded

AR G o Bhes AR R e S oy iy [ Do usten
enbodi ments of the invention. An input device 1070 and

i 58P B odiens o8 EhedBrantign Mt be geafigier deieageive a request for
various enbodi nents of the invention. The fixed

| the dncation pHiapartituler pARo, of thewartiaguoeidoring ¢quenant sounding the
signals fromone or nore object identifiers 800,

adlaihr Tied Toesitidn sve@dn @@ahérodutdrd eidallliresls wi08catdAdnformation to
retransmt these signals to a network connection

elseinEndalf QQreﬁh%ﬁﬂt}jd‘H deh¥r %Igféeﬁt'hfgythg afidh & AR NsibfRlar ‘example

desi gnate which of the fixed [Focation identifiers 1000

: %P[ﬁsre&lﬂec’ EgtIVtajflgl? P% %11e1tn'8ﬁ'{ cﬁe%%%tcjnoarﬁ 0 c?'tl&elnﬁﬁ?r: 35 Odistress callbya

ormation re e retrans I ng

| ocation.identifi 1Q00, al sao. be ended, such as .

B, RS Flsten S o oD e Lioa oy KD Ferlsh cre tositution
allowing remote nonitoring of the fixed | ocation
| ERRRHpEonNysiom {ng prowet gientionviarheglib canetinditution safbf One
the invention, the fixed |ocation identifier 1000 nay
bemtpdomented the inlentiopuhaydiaverfaes withZ0Winegardincafaoe & drfl86k a door,
to enable input information or various signaling
fainetivae aitiet Yecufity@fhiprRdih @8spoH&toi1bé£i0h idBRRAatfR dF%hput device
status. Other examples include pages, WAP messages, sending e-mails and activating or

canceling alarms.

According to an embodiment of the invention, the components of the location
system do not retransmit signals if they are not received. By waiting until the next
scheduled transmission, transmissions throughout the location system area are reduced

and interference difficulties are reduced. :

The fixed location identifier 1000, according to an embodiment of the invention
is illustrated by way of example in Figure 11. The fixed location identifier 1000 is

similar to the object identifier 800 illustrated and described in relation to Figure 3. A
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need to be coupled to other conponents by the use of
Wi ring or other infrastructure. Therefore, the use of

WO poosi439axat i on identifiers 1000 enabl e a | ocap@DNS2004/034908
systemto be inplenmented with fewer network connection
el enents, as fixed location identifiers can provide
achhittollenE1 0iis prorvidedi in comsunizative withcantroleraiipod} €020. RF and IR
identifiers 800. Furthernore, fixed |ocation
| ganbdifiére bed 1426 ersClB30£X40N U0 IN @06RRHAS bepraiedstbihbividually or in
connection el ements 900 by providing an optiona

h&cﬁﬂlﬁﬁatﬂﬁl%ﬁ?fd[@t%maﬁ§ﬁ§éhl§d(ﬂlﬁ%ts tot? I’g}k%e?ﬁ? htfRRT W ifput device 1070

connection el ements 900 at ranges obj ect

i dent I, f i be .i ncapabl e of. reaching. The.

B Toshima Do REcH RBRRe froflagll 7 G S pibimepts of the
signals fromt fixed locatjon .identifier 1000 as
JULER B d h&[inwgﬁ?%ﬂ% idenfiger 10067 GPRiIITed OreeHYe Ygpalyfrom one
- 37 -identifier 800. According to an enbodi ment of

t premprpvabyack islentifipis 8961 andfdt othen mised lasatien wlentitiers 3000, and
contains hardware and software capabl e of receiving
stegmadnsit fresdrsiphas to x eetwlodcadnnectidndderherdti 900 aldi@Oxith identifying
According to an enbodi nent of the invention, the

NRifYRTakiof 8BNS WwBICR BB e BRA 16GYioN 3VeitifietsIO0H is retransmitting the
connectivity software, a | ocal web server, fixed

I . : hth _ _ _ ”
B R il T b
r enot er, softyware and.l ocal. per manent

< e YO v P PR e BREARA Bt status
the network connection el epent. 900 may al sq i ncl ude
cevermstien pllowinggempteponiipringa the Bkt lepaliongdentifies 4004.

t he mai ntenance and configuration of the fixed

| ocation identifier 1000. A |location system 720,
according to a further enbodi nent of the invention, is

i | | ust Aa¢sding)to wanof enthodirpémts bhthEligtehdod, 2he fikéd location identifier
| ocati on system 720 i ncludes vari ous obj ect

i P@Wﬂlgﬂl B& rovitfed wist WRIKISRBIE6T0 ONinficaidRN] (8038 QnaHid input
fixed location identifiers 1000. A network 400 is

| {nlfclflx?r}agirgﬁ %9 vgli&ll%ig\q'{aiiﬁg ﬁm%ﬁ&%*fﬁ; eFi%Zga) 10%%90111 P(féﬁﬁﬁgrg 1000 do not

resolv

)

need to be coupled to other components by the use of wiring or other infrastructure.
Therefore, the use of fixed location identifiers 1000 enable a location system to be
implemented with fewer network connection elements, as fixed location identifiers can
provide additional information as to the location of object identiﬁers 800. Furthermore,
fixed location identifiers 1000, can extend the range of network connection elements 900
by providing an optional higher power transmission signal to reach network connection

elements 900 at ranges that object identifiers 800 may be incapable of reaching.

The network connection element 900 is adapted to receive signals from the fixed

location identifier 1000 as described above in relation to signals from the object
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100. According to the present enbodi nent, a topol ogy

dat abase 152 is separately provided fromthe database
wa1®8/043pBe t opol ogy dat abase 2 nay be provi dedP@i/Uk2004/034908

information pertaining to the |ocations of network

connection el ements 900 and fixed | ocation elenents

ddntified890. xaccordiog té amembediticht efrthe frpBotiostlahnatwpd eogpection

information allows for nore descriptive data to be

Ri@ndnd 000 tagainsg hadwabearl dsofinatncaphbleljf eakivitesipnfls &b the fixed

800. For exanple, the location of a fixed | ocation

19&ibh idealifidOIH00TA RBIMRE to SOHRRSKEMER THROBREN RO tHERtwork
be specified as a particular office, hallway or area.

-Iég)lel{lecftlﬁ{l glen{ent ﬁﬁq mggg;g e neq‘?/o}lé 4 InfEc J&th{ f[w'afjeegtlégai %gb server,

na snha us o

tifi.er. 10Q net wor conn tion ele
&%e@é?caiﬂa% eppitgr 15 SRS et TS (A ST £4F 188 eqfﬁgf&edtlocaﬂon
W thin specific room office or area. -
dflenifien aiadysiete) agiempoel sereerpP B Poredtveage ﬁaﬂskocalrpénnmf pterpge.
resol ver 100. According to this enbodi nent the

| Axetdingto @sahiweliméi®bfithe invettive, flemetwdrksoinestion element 900 may
operating on the electronic device 1101. Exanpl es of

el RChEIRAS EorR)ARS, deklibe bACHSHIR pPIFRLD Dehsedinabie fR@itenance and
or ot her devices capable of i nplenenting the

f(%ﬂwgﬁ @bftﬁe?&e&%a*l&?ﬁfehﬁﬁedﬁﬁ)@l ver 100. As shown

exanp a location term ni ng nodul e 14,
accordlng to an enbodi nent of the invention, is
illustrated, by way of exanple, as including one of

net wor

the fixed |.ocation identifjers 00, the 400, . .

the elRcatin ByR72s aperding é]fPJb’]E%fﬁ“g%‘PdFE%‘E 0§ ﬁ}e HgRption, 1S

t he 'dat abase 150 and topol ogy database 152. An exanpl e

dilusiratesichat Way oS gample imtigses 120 Therleedtion spstem 720 includes various

institution setting is illustrated in Figure 13. As

oo ideyitifiens 800, rexaoill @nhectfongileneent890antefivedrlkcatio identifiers

provided to allow for comunication anong nultiple

NRIOOC AKn ERBACAT0 i@ MIRHBRRMGhe3Ph a database 1150 and location resolver
1100. According to the present embodiment, a topology database 1152 is separately
provided from the database 1150. The topology database 1152 may be provided with
information pertaining to the locations of network connection elements 900 and fixed
location elements 900 and fixed location identifiers 1000. Such topology information
allows for more descriptive data to be provided regarding the location of object
identifiers 800. For example, the location of a fixed location identifier 1000 or network
connection element 900 may be specified as a particular office, hallway or area.
Therefore, if an object identifier 800 is identified as within a small radius of a fixed

location identifier 1000 or network connection element 900, the object identifier 800

may be identified as being within specific room, office or area.
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A location resolver 100 is also provided in
comruni cation is also provided in comunication wth

W b@snesbr k 400. It is noted that the networ kPG BHUSIIN4/034908
limted to a wired network, as the network may be a
w reless network. A fixed |locatjon identifier 1000 is
i |1 ustpRekatreme dpgce hl Qowmieidest todwsiibe frcetien rrselver k100.
connection el enents 900. Various object identifiers
seoating id thisstmizddedemthaldoati@dresal veral 100Us inpthe €eran of software
equi pnent within the health care institution setting.

Tdperaibigeatthe eedtddic 868cSPW1MBLahR1dsbFeRFTYAIC @aLiced1101 include
with one or nore of each of the network connection

RIS R0Qs@Rd (r)llt Lg;lﬁelf devRds L9Bld &]Iﬂ;p%'{ﬁé% ﬁgecigeuﬂgtgcgl’ality of the

22 iI"I'Tustrated | gure 14, "a netwo
' hown way of exanple according to an

éﬁ%%g%ﬁg%ﬁw%éqg%e i nvention. The network interface
992, 120 - 39 -may be used in one or nore of the
net wor k connection el enents 900 and/or | ocation
resol ver 100 or other conponents adapted for
conmmunig shavarbyniven o bexaatple ik ocationaleteomkningimedfiledd, 8@2rding to an
120 is adapted to be directly coupled to a networKk.
Tanebadirhemtrof thenheerftongisIBBstraled)byray lof eganiple gasriecluding dne of the
one or nore of the appropriate configurations for the
CRESIQSEAIBH i hhtiFiBE VIO Sthe FiBw Pk 0D tBe elebtrdric éVits1 1AL B location
by way of exanple in Figure 14, the network interface

fi ' tdi¢,t 0 an
Arlychad oHe BRFRS 1) SR oplioRs b BRI, 7, "B0s
According to a further enbodi ment, the network
interface 992, 120 may be coupled to a tel ephone
systemto a nodem 996. According to another enbodi nent
of t heAR gyample gha lacptomaysigsn K nsetia pihsalth oge instipiopgptting is
be provided with one or nore of a cable tel evision
rijusitagedoin Fd@8e1d. Alslshown dyrveayi afsxmmplevin Fliguae ¢3 metWork 400 is
network, a UTP network card 122, to all ow

qrovided wadliosnforicbnamidhRon ekbas Kultisle BetWilY 86ribtion elements 900,
serial bus (USB) card 124 and/or a

A location resolver 1100 is also provided in communication is also provided in
communication with the network 400. It is noted that the network is not limited to a
wired network, as the network may be a wireless network. A fixed location identifier
1000 is illustrated and is in communication with the network connection elements 900.
Various object identifiers 800 are illustrated as a fixed to various pieces of equipment
within the health care institution setting. The object identifiers 800 may be in
communication with one or more of each of the network connection elements 900 and

the fixed location identifier 1000.

As illustrated in Figure 14, a network interface 992, 1120 is shown by way of

example according to an embodiment of the invention. The network interface 992, 1120
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medical telenetry transmtter 126 for conmunication
with a nedical telenmetry network. The present

WO pooéisioan has been descri bed by way of exanpl BCT/E81904/034908
nodi fications and variations of the described
enbodi nents wi |l suggest thenselves to skilled
anay sawgsdiim ong psmpiecdfdhevnetivotk capapetian elgménts APQ aad/or location
spirit of the invention. Aspects and characteristics
atsdiie 1aboveothes cormpe@nsriiastedrintconimyhi&eionsdth 4 network. A
conbi nation. The descri bed enbodi nents are nerely

| lekwWsrkTiadel € 90V 13001 Mapted td6e iRty dBHHIEd k8 %étivv‘éHt.V”Phe network

in any way. The scope of the invention is to be

TRARHLE DA 150 R RRSAAREEA BidlRe R URGE of AR pbbBriate

prece escription, ri I oNs an

equi.valents_that fall wthin the range of the.cl ai

b et B setmanlnedroy i oA cxaniple, 1 ifosfalEa by way of
clainmed is: . A nmethod for determ ning |ocation of an .
ceeels indogpeildi g netreork inpdacsr924 b2 menbaeprdigured to be directly
potential target area; and estimating a target
| to aa tHtlerneti teb orkthyev posfdttherabt dimuget 9% esccoRling trea further
met hod of claim11, wherein the step of determi ning a:

Rebdidaht, themeelorRiferfBcIni $EX ke bs teRsedlo:a telephone system to a
identifying receivers that received a signal froma

LhERSIbOS € AccHARE" 16 Lh AR RimBR & thd MGertRAMBR R twork interface
fe'i d

connecting t entiflied receivers; eterm ni ng zones

u (dentified, receivers; generatj L.
T Tl BRThe PEFTER IR CTmERaR e Yb e BRR QLG bps o
%@gggq%nggjg;@gt v?/lré’{ﬁgggbelta ITr.]\(;.d nekt)%/voﬁgg }E’Sngt?vo}rkhgard 1122, to allow

communication with a UTP network, or a universal serial bus (USB) card 1124 and/or a
medical telemetry transmitter 1126 for communication with a medical telemetry

network.

The present invention has been described by way of example, and modifications
and variations of the described embodiments will suggest themselves to skilled artisans
in this field without departing from the spirit of the invention. Aspects and
characteristics c;f the above-described embodiments may be used in combination. The
described embodiments are merely illustrative and should not be considered restrictive
in any way. The scope of the invention is to be measured by the appended claims, rather
than the preceding description, and all variations and equivalents that fall within the

range of the claims are intended to be embraced therein.
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The nethod of claim2, wherein the step of

generating |lines conprises generating secants through

W0 b@siosoes secti ons between the |ine segnments aPdT/Ukm®04/034908
zones for each zone. 4. The nethod of claim2, wherein
the step of generating |ines conprises generating
tangeﬁﬁlga_ta;ﬂ@mli_lﬁl ersections between the |ine
segnents and the zones for each zone. 5. The nethod of
claim2, wherein said zones are rings. 6. The nethod
of claim2, wherein said zone is defined as a sphere.

1.41 -Amettda (BRENGhiRT 6 @kiBh 3f aNbSe& PorBpSdidetiRistepaiod
zones i s scal abl e 8. Tﬁe met hod of "clains 2, wherein

ne Thie” et aim 2,
R
o moro S GRHREINE & RREEhsEoh VP PR R OB Rotne

step of estimating a target |location within the

potential target area conprises finding the center of

the potential target area. 11. The nethod of claim1,

vher eiThetohethed efclain tevisrannihasiemohddtentinmlg atpmtepsial target area
area conprises the steps of: for a receiver,

eshiphBéd the s@pd &f: St zone wi thin which a first
transmtter 1s |located; for remaining receivers that

can detect iéergi.f%ﬁ% r%e?&?:ﬁﬁh% REeiv&Ps BighalidR b itRdsAitter;

second zone Wt afirst transmtter is

lo? ¢ ? L : d;z o ﬁzg?e_ngr% Eg[; gn?qlglin 8} fl%r%eps%glgl{e S %o&ye%{ihgﬁl% i%l(lglgﬁi%}g freceivers ;

erm ni ng foca
an object, conprising the ste srm%I: for a receiver,
esti mat i ng KiEMiYps 7 a\%?‘l“ﬂilﬁe Teg HeCIVerF 5 ¢
transmtter is ) .
generating lines through intersections of zones and the one ore more

lines; and

designating the area defined by secants as the potential target area.
3. The method of claim 2, wherein the step of generating lines comprises generating
secants through the intersections between the line segments and the zones for each zone.

4. The method of claim 2, wherein the step of generating lines comprises generating

tangents at the intersections between the line segments and the zones for each zone.
5. The method of claim 2, wherein said zones are rings.

6. The method of claim 2, wherein said zone is defined as a sphere.
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| ocated; for remaining receivers that can detect a
given transmtter, each estinmating a second zone
wowakiogsshi ch a first transmtter is | ocated; BOMUS2048034908
-determning if there are overlaps in any of, the
zones. 13. The nmethod of claim 12, wherein said
estimation steps yield a vector (Zn-ni) , (Zn-m2
(Zn-mM 3 (Zn-m where P is the nunber of receivers that
c¢an heHre methdd bf elgim Ry whemint 4 Sze oflsdid Zines weschlableof
claim 12, wherein said zone is defined as a ring.
The nethod of claim, wherein said receiver has a
plurality of zones each defined as a ring. 16. The

net h og¥ﬁgm&lh@él BF éi%imm%l%ran%giid(%o%slﬁr@ hét%%ni‘ﬂ%d g&gg Yeceived signal

are defined as concentric rings. 17. The netho

claim12,. erein said zone is defined as a sphere.
ﬁ]iréangﬁgtl %}82\1%30{1’ claim, wherein said receiver has a

plurality of zones each defined as a sphere.. 19. The

met hod of claim 12, wherein said plurality of zones

are defined as concentric spheres. 20. The net hod of

c?-ai m Tz mefhed ef elanss], mehes¢in saiid gonesrare detsrmgingd aping fime of arrival
43 -2 . The nethod of clainms .12, wherein said
esftane®k e sipegls. use recei ved signal strength

indication to determ ne |ocation. 22. The nethod of

claims , wherein said estimation steps use tine of

arrival of one or nore signals to determ ne | ocation.

10.  The method of claim 1, wherein the step of estimating a target location within the

potential target area comprises finding the center of the potential target area.

11.  The method of claim 1, wherein the step of determining a potential target area
comprises the steps of:

for a receiver, estimating a first zone within which a first transmitter is
located;

for remaining receivers that can detect a given transmitter, each estimating a
second zone within which a first transmitter is located; and

determining if there are overlaps in any of the zones.

12. A method for determining location of an object, comprising the steps of:
for a receiver, estimating a first zone within which a first transmitter is
located; |
for remaining receivers that can detect a given transmitter, each estimating a

second zone within which a first transmitter is located; and
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23. A nethod for determning | ocation of an object,
conprising the steps of: identifying receivers that

WO e@eiy3mad a signal froma transmtter; gener atPCIyUS2IU4/034908
or nore |lines segnents connecting the identified
receivers; determ ning zones around the i dentified
receiver éetelgmnmgafthq@ re pEerlaps i eighof the eeresct i ons of
zones and the one ore nore |iné segnents; designating
the area defined by the lines as the potential target
area; and determning center of potential target area,

24. Thﬁndlﬁ&tﬁ@(@ oPllaied 8 m/}?egeln%ﬁr&hﬁaﬁ&?st%@ﬁelﬁfa vector (Zn—m)l,
gener ating i nes conprises generating secants throug

gﬁ-ergﬂ (%ﬁsngg 1 n)g %Jh%@ee}m ﬁ{tﬂg nhinB&r défq'gggfé‘rg’ th%g gaxf llik%r said first

wherein the step of generating |lines conprises

¥ng tangents at the intersections between the
i ne segnments and the zones for each zone. 26. The
met hod of claim 23, wherein said zone is defined as a
ring. - 44 -27. The nmethod of claim 23, wherein said
Zigne iEBhedatthoédf clainal2,phierein s2i6. zofib & definkdds ofingl ai m
23, wherein a size of said zones is scalable. 29. The
met hod of clains 23, wherein said zones are determ ned
usi ng recei ved signal strength indication. 30. The

gt hodrpf ?H glsc]gﬁn &L 3R e PRe8s Qgﬁlrglﬁ&%'f%ﬁ&d:ach

using tinme o arrlva one or nore signals

defined as a ring.

16. The method of claim 12, wherein said plurality of zones are defined as

concentric rings.
17.  The method of claim 12, wherein said zone is defined as a sphere.

18.  The method of claim 12, wherein said receiver has a plurality of zones each

defined as a sphere.

19.  The method of claim 12, wherein said plurality of zones are defined as

concentric spheres.

20. The method of claim 12, wherein a size of said zones is scalable.
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31. In a conmputing device, a nethod for determ ning
| ocati on of an object, conprising the steps of: for a
WO e@seioy3®B3 estimating a first zone w thin whi CPCHU$1008£034908

transmtter is |ocated; for remaining receivers that

can receive a given transmtter, each estimating a _ .
Jdecondheanethod ohelanghiZe iharefn sadd estimptionistaps jusg Egceived signal
| ocated; and determining if there are overlaps in any
sfretdib imbem®n t8 Actetmina laatiput i ng devi ce, a nethod for
determ ning | ocation of an object, conprising the

steps of: identifying receivers that received a signal

froma transmtter; generating one or nore line

?99 MR HOROEGF Lighd ﬁevdhg%[ﬁ{ il 8inh BB V&% Sse time of arrival of one
eterm ning zones around the identified réceivers; -

45 -Ogener alt itna tI i neslt hr.ough intersections of zones
ShETRE'E0HE DFEIBPR 9 %n'segrrents; desi gnating the

area defined by lines as the potential target area;

and determ ning the center of the potential target

area. 33. A conputer program product hol ding

i23st r Vs nieths] fox detatnaibing lpentignod ap abiset, tomprang Hid st

| ocation of an object, the instructions conprising the

steps of: fidentifyingeeiciess thasteceinéd agigaalffrom b thaneitter;

within which a first transmtter is |ocated; for

remai ni Ng reseiYigE Sné BehofAthds 86@hfs SorfleM@il the identified

transmtter, each estimting a second zone wthin

W@&%ﬂx& first transmtter is |ocated; and

determining zones around the identified receivers;

generating lines through intersections of zones and the one ore more line
segments,

designating the area defined by the lines as the potential target area; and

determining center of potential target area.

24.  The method of claim 23, wherein the step of generating lines comprises
generating secants through the intersections between the line segments and the zones for
each zone.

!

25.  The method of claim 23, wherein the step of generating lines comprises

generating tangents at the intersections between the line segments and the zones for each

zone.

26.  The method of claim 23, wherein said zone is defined as a ring.
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determning if there are overlaps in any of the zones.
34. A conputer program product holding instructions
wez@sisrbd e in a conputer for determ ning | ocap@DOSWN4/034908

an object, the instructions conprising the steps of:
identifying receivers that received a signal froma
transmtter; generating one or nore |ine segnents
connecting the identified receivers; determning zones
around the identified receivers; generating |ines

t hrough intersections of zones and the one ore nore
limne speehsd ofesing natwhgeihkeidalonaisdeiingeds y¥phdraies
as the potential target area; and determ ning the
center of the potential target area. 35. In a |location
system conprising at |east one transmtter and at

B or WSHESTaY B a8 Thar Sl Bonl Dlenisof Yot 1 om

the transmtter; estimating the zones of the receivers
the transmtter is in; determning if there are

overlaps in any of the zones. 36. The nethod of claim
2% t heéFhaomathod of plginn$h23, sthepein baid gvrgsraredeigmiined nsingrastived
overl|l ap between zones. 37. The nethod of claim35

fsigrtah eferp@indicaiiog t he step of determining the vol une

of overlap between zones. 38. A location systemfor
determining | ocation of an object, conprising a

| ocation determi nation nodule for determning a

ti . o -
EER R e e L
potential target .area

arrival of one or more signals.

31. In a computing device, a method for determining location of an object,
comprising the steps of:
for a receiver, estimating a first zone within which a first transmitter is
located;
for remaining receivers that can receive a given transmitter, each
estimating a second zone within which a first transmitter is located; and

determining if there are overlaps in any of the zones.

32.  Inacomputing device, a method for determining location of an object,
comprising the steps of:

identifying receivers that received a signal from a transmitter;

generating one or more line segments connecting the identified receivers;

determining zones around the identified receivers;

-45 -



39. The location systemof claim 38, wherein the

| ocati on determ ning nodul e conprises a receiver. 40.
wab@sloeoat i on system of cl aim 38, wherein the PODES10041034908

determ ni ng nodul e conprises a network. 41. The

| ocation system of claim38, wherein the |ocation i

det er m ni nggensEAling lingsroughsnisrssetionsrdf zevemrmmgtthepne ore more line

el enent. 42. The |l ocation system of claim 38, wherein

t he | ogghients; det er mi ni ng nodul e conprises a | ocation

resol ver. - 47 -

designating the area defined by lines as the potential target area; and

determining the center of the potential target area.

33. A computer program product holding instructions executable in a computer for
determining location of an object, the instructions comprising the steps of:
for a receiver,. estimating a first zone within which a first transmitter is
located;
for remaining receivers that can receive a given transmitter, each
estimating a second zone within which a first transmitter is located; and

determining if there are overlaps in any of the zones.

34. A computer program product holding instructions executable in a computer for
determining location of an object, the instructions comprising the steps of:
identifying receivers that received a signal from a transmitter;
generating one or more line segrﬁents connecting the identified receivers;
determining zones around the identified receivers;
generating lines through intersections of zones and the one ore more line
segments;

designating the area defined by lines as the potential target area; and

determining the center of the potential target area.

35. Inalocation system comprising at least one transmitter and at least two

receivers, a method comprising:
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determining which receivers can receive a signal from the transmitter;
estimating the zones of the receivers the transmitter is in;

determining if there are overlaps in any of the zones.

36.  The method of claim 35 further comprising the step of determining the area of

overlap between zones.

37. The method of claim 35 further comprising the step of determining the volume of

overlap between zones.

38. A location system for determining location of an object, comprising a location
determination module for determining a potential target area encompassing the object,

and estimating the location of the object within the potential target area.

39.  The location system of claim 38, wherein the location determining module

comprises a receiver.

40.  The location system of claim 38, wherein the location determining module

comprises a network.

41.  The location system of claim 38, wherein the location determining module

comprises a network connection element.

42.  The locati'on system of claim 38, wherein the location determining module

comprises a location resolver.
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