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WO 2005/ 009020 PCT/ AU2004/ 000983 A METHOD AND

APPARATUS FOR FI NDI NG A MOBI LE RADI O TERM NAL FI ELD OF
wakis0MENTI ON The i nvention rel ates to syst enBCDAU2004/000983

nmet hods for finding a nobile radio termnal. 5

BACKGROUND OF THE I NVENTION I n the past, many attenpts

have been made to devel op nmet hods of determ ning the

position of a target in a given area. Such

| i-an n e [
A IS AN O peRRA TS FEREERNBIRG (FioRRERpE G RN AL
determ ning the 10 | ocation of a vehicle which has
been stolen to enable it to be retrieved and
FIELDaOBIMHRIINYBNIEI(Hgsi ti on of a person who has becone
lost in for exanple, a w.lderness setting. A vital
The idivenfiowr rélotesite systientsadmadthadsdog hioding hengtdlq g germinal.
bet ween on the one hand, 15 the process of locating a
nobile radio term nal and on the other hand the

' B\ rred to as finding the
BAC%@@@&%@%WW&TQWt erature, locating a nobile
In thiEE;&!, Ry’ AR StstidvielfehAEEE S0 m@%l@Fm@ﬂho@lStdf @Rt miing the
de of the position of the nobile term nal. That
positurocs targst iaff giveadcrey. Sucheapelisativnsiadddmdeteroninizg the
therefore the accuracy of such sysEerrB IS Heasur_e,d i P
locatigneefi asmyildigry tarersiRiesH WerRRQHY 0302t Reseixteisrmiling the

whi ch such, an, estimate i s (Ljkel var rue
tocatifdivh S E PhER P Feleh G b B Y R s FB A b
deterPhREES thedSsGibR 86 a RREQITWAD HdsHcBeheAoBTR fof exé@ipd, Ral

I nvol'ves ‘a person ving to the sanme position as the
wilderobsd settingmi nal . The distinction may be understood

clearly fromthe results of the two processes. Upon

| ocating a termnal as described in the literature,

A iR RBERST TR BRI P SRl B8 Ao PRS0 B8 ome hanc,
the pP&IeSERL [obAMd NerobileUB RO RIrhdiAAL arldPA the B hahdthe process
term nal however, one has noved to exactly the sa

whichesilltbeoref@sed be as friingahe nisbilk tekmieald émphstitexbiere, locating a
later in this section, this distinction can, be very

mobidg gaminelasteraie heprasass wherdhy &t peimpircaaadeef e position of
the rrlﬁzjfl?ait t%%%g}aﬁgé'ﬁﬂgfn Eg(%sqegﬁ gsp a%]Ege Sec%ﬁg%ﬁ?a%ﬂ%r Q0 rasr}/c?gn% rgrrfo% and

therefore the accuracy of such systems is measured in statistical terms which indicate

the extent to which such an estimate is likely to vary from the true position of the
mobile terminal. By contrast, the process described herein as finding a mobile
terminal involves a person moving to the same position as the mobile terminal. The
distinction may be understood clearly from the results of the two processes. Upon
locating a terminal as described in the literature, one possesses an estimate of the

position of the mobile terminal, which could be many hundreds of metres from the

~ true position. Upon finding the terminal however, one has moved to exactly the

same position as the terminal. As will be demonstrated later in this section, this
distinction can be very significant when comparing the effectiveness of a location

system as compared to a homing system for particular applications. For example
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WO 2005/ 009020 PCT/ AU2004/ 000983 enabl i ng emner gency
response personnel to find an injured person in a

wo 2ovsloyoopmnner . The prior art contains nany exBOpAE3008/000983
hom ng systens. In the main these are 5 based on
radio or acoustic direction finding, in sone cases
with the use of a secondary indicator for the distance
to the target. Such systens operate in a conceptually

ver | e fashion devi.c etects a
enabl iR i TR R PR R AL Bo0p R Py
mannfr arrival of the received signal. The user is then
advised to nmove in that direction. As with all radio
signal neasurenents, the initial 10 angle of arrival
measurenent will exhibit randomerrors. In principle
The phiswerecontasns mhsy kspinplesdeihaningsyatenns. Trote mein Hese are

targ devi ce, eat ed asur enents enable.the
based %;r@ilp&rwcpas%% graf—fa@f Badime dnepme desehiveth bigdiveh 4

t
o IR eSSBS 0 s n
concég.@ﬁﬁ?}s @E]éf sibifle @asd‘héﬁcﬂ”h@ MolhiRg X8 iR0Ad 186t AN &4 ff@m the target
terning or be infornmed of itS own 15 absol ute

devickapat ineasioes threamdis of atevilorfahe oecedfed signahr et user is then
devi ce. The _device can op erf\%@ sol ely L&terms of t[]le, L
adVlSﬁéItQtnilQ‘ée u) that firgRtinat wearithrd meif Fighabeasiigments, the initial

|
angle gt el i Tieai o ikt Eafiny i, 0 AR AT fver o0
the hgﬁ%% BebRER Hﬁiveﬂ%wa\! 88 tigd &!?%étsdé\h@énr@péﬂtécﬂ ahddstir&hents

transmtters whose 20 positions are known in order to
enabldehe tyajeveortyhte Hecadjtisted infsuthea faghiohsakh tiverdvapsudlhethe homing
best known exanple of such a systemis the d obal
devicesomasdnithg exps tasatipmogthe toxgt. fevicexbips that 4t igyeg gecessary

for a GGt HPaiT B IR aanodP RBHIRRS Reah ot el PR
absol{olgé RIRIGHE By tﬂ@@béc@ﬁt@tlb@&mr@& ﬂ{er@apgét'd@@fldes "ltlﬁs&‘@mé@can operate

ervations by the nobile of the tinme difference of
solelyairl ievdls of$hetelatigadiection betihectbischahatg desice antharget device.
network. Both the GPS and Cursor systens involve the
nobil e term nal neasuring the signals received froma
transmtters

A1so Byl otd ekarigh ST RGN Sty B8 %Sr'f%l'ﬁ?ﬁg Reuitifese
syste}{lg &%Q%Qﬁg Q&Qnﬁgf&%ggﬁgﬁ%@sc)ﬁ%m Ehﬁ’fa'll'ﬂjabf'trfaﬂ%‘iﬂt&ﬁ whose

ocation systemis to neasure sition in
posﬁﬂi@@@r@kﬁow@f ifBorder to determine the location of the terminal. Perhaps the

best known example of such a system is the Global Positioning System (GPS).
Another example is Cursor as described in US Patent No. 5,045,861. The Cursor
system provides a means of locating mobile cellular telephones. The location
determination is based on observations by the mobile of the time difference of arrival
of signals from the base stations in the network. Both the GPS and Cursor systems
involve the mobile terminal measuring the signals received from a plurality of
transmitters whose positions are known. Such systems are known as self-positioning

systems.
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for instance within the GPS WS84 gl obal coordinate
frame. The performance of such a systemis specified
WO oos®09e80 of such concepts as the error radi uspehau2004/000983
i ncludes 67% of the nmeasurenents. The perfornmance of
a hom ng system however m ght be 5 specified in terns
of the percentage of tines that it enables users to

fiblnd target devices. A useful hom ng system will be
d t
he iPhge) Bl ARG Pl e e DR SEOR Mt e

for m@ﬁarﬁze 'Wi%ﬂlgthe Wﬂzs@@gmolal Sod 1SN tE FParRé. a’?ﬁé gt u%mhce of

e system i ncluding cBmunication of the i mat ed
such R@Fhiehos sPecifiee inaegeas ofismilec eot@ptdas tirafrréhaidiusthat includes
endeavouring to find that 10 device. If the error in
67% ofbepnedsuirements | That perfermaneeeof a lh@mutlm éyféela\d@ﬂ‘ﬁ@w might be

e
dev1c%§r %Aa? I3 h&lﬂ%séy L;}?srtgtfn%ﬂhﬁé‘ QﬂﬁttQQE\cFﬂ’{ésﬂagge{t%dvé& }tha

[Tcation o
1:verce|n@&gﬂat d)pﬂlhechrﬁé e cbOfse Deatib m@caﬂﬂ@)lﬂl dyetdnglcenlibbeused as a homing
subscri bers has been an area of great conmerci al
yqtennﬂoeut dlsis requices ¢lakotatiomeof tﬁeayet@rrFedelndnng&nmumcatlon of the

Conmuni cati gns Commi ssi.on dated that cellul.ar
estlm@b%df RegHeN R 40¢ R ephievice i &bﬁkﬁ lﬂﬁeﬁp "fidpeagpayayng-ttind that

dev1c§a§ ghégfr:(}g lI'lll %‘ltﬂe gogﬁl)ﬁ\% ﬁmsa‘t%é IQ% %ﬁé}PIh% &gﬁ(}k:ljalté%{]i&gthn

specifying t € req accur
systeﬁ?h‘fag%&% _}ﬁb@fﬂé&ﬁﬁ;\){ﬁé&@@ acth'aﬁg frRAHE "d@@ta&g@tucﬂ@\ﬁ&’e Wattbéhy
netrés 67% of the tinme and 150 netreés, 95% of th
degrdd ofecerfaanty, aedthereéyretcansot be cmmdemdrterh@a aseffullb'@mmg system.
metres 67% of the tinme and 300 netres 5% f the
The apphisatipn of Kedicdogri1bE A S9T Joraides & f ene subscribers

has bfeglg gé{?ﬁ%f% grel% &%1]9&8%'1 Wdfecs 86RL ‘T?lger fﬁ\)l(t%ﬁt%té%s Felibfil

parti ar areas

ComBRMAEMWhs G&%ml@ﬁ()ﬁ@@@?ﬁ@a@lﬂéc@tﬁb& cRUGhr\ WesforsPMBAde this
that the FCC mandate relates specifically to the task

capatnilityd[Rp@PelhiThe BOE hgemiistin@Gshet bemsenzelisowhemete positioning
E-911 callers, there is inplicit in the mandate the

systemstiappREwY 16 the Hedpiaed AFSHRRY EgxtalfmonisopmeTionabe
requlﬁ‘gcﬁégcg?rgfﬁs I%%trg‘g oth ?eﬁnng anéit15{‘5 %Qet?est, ﬁg‘%e& tge time. For

acy qur fement s
remo@@ F}%@ém@ RY k 1P€!i'ﬁe11t§ asé 300 Rletfesii7ghbytHealhahhg m%é‘ﬁes 95%
ITty. r the renote system for instance, in

of théﬂ(mm‘ It hleomﬂeldmm@ﬂdrthst thieke stasistica trequipesientoap pﬂy driewide
nobil e may be nore than 300 3 WO 2005/ 009020
scale foEmAine Gizgsdopor@nple. In particular areas, for example downtown, the

performance could be much worse.

Given that the FCC mandate relates specifically to the task of dispatching emergency
response personnel to E-911 callers, there is implicit in the mandate the intention for
the positioning systems to be elaborated upon and used as homing systems. It can be
seen however that the accuracy requirements in the mandate do not provide the
basis for a highly reliable homing capability. For the remote system, for instance, in

5% of the measurements, the estimated position of the mobile may be more than 300
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metres fromits true position. In an urban area, 300

nmetres is sinply not sufficient to find a | ost object
W@roos®0®eN, especially in an emergency when tiPET/AT20#/000983

the essence. Even the accuracy requirenents for a

self-positioning systemfall short of the accuracy

needed for an effective hom ng capability. 5 The

accuracy requirenents in the FCC nmandate, inadequate

mete @ P s LR e} opad T Subfcent o
- . I 0
i 551 U o TRAORE R PR BB TSR senco
Evenph@pegatiprequisdmanngoristliffpasitidiihg sasteivlll sbiort of the

mul tiple copies of 10 the transmtted signal at the
accurpey seedad forsirgefiectiviedwming epabdimonl y referred to in

the literature as shadow fadi ng) and near-far

interference in which signals froma distant

The #é%%ﬂ%ﬁﬁ&eﬁ%ﬁt%qq;é%@}nmté qgﬁ%é/cg.gar’%glé? téll&i%roﬁe%?h%mmg,

OSér transmtter usl ng
reflect Mg AgtrenMitnli isRsFtbclai b doaasility @l dormescill, asdely d§floyable,
timng observations nade by a receiver. The bias is a
mobileuetrphomedbcation syeteros.plbpseglamiitsard up 4o lebatreteniatics ohe
transm tter and.the receiver.. This_bias translates .
terreﬁtﬁaﬂra@rl@ HF%P?%?WWC[}E&&“&%H“@?{% HeeaTrivRbORa P copies of
interfe ngl _si 0 rat.i .
th op LT BOEEL AL ATRASUBEH LA KRG RLARL heEa to i
the lib@h€&E 88 sSRYA SN2 AR 28 di Head-feelrfter fORTICE iDNHIEh S)FhRrom a
(or a fewer nunber of receivers detecting the signals
distatt tamssmittezdhre bjodded atthe kexeiver hyrtbrsignalofion alosgr transmitter

. system. The detection of fewer signals neans 20 fewer
usingdfise saps fagie chvainglablaltngth ge Pﬁ?smt%ﬁdfs 2ha DlagdatheRmMing

and a cor i r i 0R. ] . - .
obse g SGHSBRBELAer, HSRNOGE £ Bk REEHIR HonhBgon
paths¥tedf ¥hé Bk AHiteHSn@théreckRea! TR 51§ LR RYed TAKD B ors in the
repeat ed i ndependent neasurenents and averaging to 25

positioechstiendthe Taemear-faninperdetenceahd sigrel obbairatior cofthe other hand

error reduction with this type of averaging y. be at
resuliyigst spHor puehes of oY e HEns B8teCiagky ﬂ’p?e’F’g’i%élﬁéﬂta self-
..biases coul for exanpl e -1 t of e .
posicRuRSE Pt o RSP PR 03U kol frpemiec
by th€hi&isile M tHRoRDSEIiMNS: stetn)) OFhdTHéte 8362 Ef Biver signals means
repeated neasurenent. In rmany cases where the
feweipolsdet v atoresd vaikbbs faardetéinaindog thecloartidomgad i darrespbnding
converge to the 30 true position at all.
degradation in the accuracy.

In theory of course it might be possible to overcome the accuracy limitations of a
location system by making repeated independent measurements and averaging to
reduce the error. In practice however the rate of error reduction with this type of
averaging may be at best slow due to persistent biases. These persistent biases could,
for example, be the result of one or more large buildings in the immediate vicinity
whose effect on the observations is not mitigated by repeated measurement. In many
cases where the position estimates are biased the average will not converge to the

true position at all.
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4 WO 2005/ 009020 PCT/ AU2004/000983 5 It is therefore
an object of the present invention to provide a neans

wo eoosongoeo efficiently finding a target. SUMVARYT/®B20DHE00983
I NVENTI ON According to a first aspect of the present
invention, there is provided a nethod for directing a
seeker to a target, the nethod including the steps of:
(a) meki ng one or nore observations associated with

Itis téé%éér%{qgﬁéb tao(r)fgﬁg pﬁ%segg x?er}tﬁogls% sl ?deh% F{ebaZns for more

£fi EMatd PR estimated error distributions of the

© Clon or r%dgf Ig@get observations. According to a second
aspect of the present invention, there is provided a

method for directin C%ﬂa seeker to a target, the nethod
SUMM®RY PR HIA ENYESHEL 15 (a) making one or nore

observations associated with the target (target
observations); and (b) generating a route based on the

Accogﬂg\gr 0 a] Is?a%&?ﬁf’ ﬂ‘f §eﬁﬂﬂveﬁg6h %Ef‘éjls?&‘e{ded a 1e(§h0d for

on target observationfs to provi

dlrechh altek@citd @nset, ee ieehddigeudirdOthibstdds éﬁcor ding to
a third aspect of the present invention, there is

pavi deshlingemiad thore obtiereationmpssosiatidkwithdhe targey barget
t he thod including the steps of: (a) making one or
obserygtignghaBfvat i ons associated with the target (target

erv
R R
estimbfdd &2BLHMHPEtSNS SEHR RAsemeRe earg@m@dewaﬁbﬁ t he
one or nore

According to a second aspect of the present invention, there is provided a method for
directing a seeker to a target, the method including the steps of:

(a)  making one or more observations associated with the target
(target observations); and

(b) generating a route based on the one or more observations and

estimated error distributions of those target observations to provide likely locations

of the target.

According to a third aspect of the present invention, there is provided a method for
directing a seeker to a target, the method including the steps of:

(@)  making one or more observations associated with the target
(target observations);

(b)  making one or more observations associated with the seeker
(seeker observations); and

(c)  generating a route based on a comparison of the one or more
target observations and seeker observations and estimated error distributions of

those one or more target and seeker observations.
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target observati ons and seeker observati ons and
estimated error distributions of those one or nore

wo arogebooand seeker observations. 5 WO 2005/ 0098CDAU2004/000983
PCT/ AU2004/ 000983 According to a fourth aspect of the
present invention, there is provided a nethod for
directing a seeker to a target, the seeker able to
receive target observations directly fromthe target

Accor(%a%rtow S%Fﬁ\l Gl é@t&%ﬁ%t&g@ﬁﬁﬁ}@ﬁl(ﬁryﬂd#e g rp'}ﬁof}%ﬁ a method for

direcﬁﬁgearéé@kéloﬂ&sa ?e& Qpltlﬁ’é %Ek‘é& hblettbeetal8edr g@% gh&eVations directly
obServations): tb) maki ng one or nore observations

fromahe taxrigat @dpmiviide tirecistaegerobseseations, thesaethatd imabjdingrble steps
(c) generating a route based on a conparison of the
of: one or nore target 10 observations, the one or nore

ker observati ons, direct targe obse tion
es@%ﬁpg&n&%ﬁom Ot Al PRI e
or Bt AL8ehspnd seeker observations. According to
a fi fth aspect of the present invention, there is a

G{B) ng raEMhg®rfeair mbke dbsdiagorss dssogiated Wik thersesiger
device including a receiver for receiving signals
sur r ourfetiekgr pheerhatitng; dedi ce and for 0 neasuring at

ﬁ st one sel ect ed agtrl‘%ute of those sj naI to
prelduc SRR YEM tELaSeHOBALATBHISOTY ’&rPrl‘ﬁRrp‘HPr‘? tareet

Pr ovi digge QbR BEQIIBAABed QeRel SBLerl Babhthd et targe

tar get ere n route 1 ntornat

det er mgpesk-vRYioge ARddstiehdtbd eh@FNGriBeVIoas of the at least one or
observations with target observations derived from

measur imgredprgetand sebeselseryatipnsat t ri but es of signal s
associated with the target and estinmated error
di stribution of the

According to a fifth aspect of the present invention, there is a homing device for
finding a target, the homing device including.:

a receiver for receiving signals surrounding the homing device and for
measuring at least one selected attribute of those signals to produce homing device
observations; and

an output for providing route information to a user to find the target;
wherein

the route information is determined by comparing the homing device
observations with target observations derived from measuring at least one selected
attributes of signals associated with the target and estimated error distribution of the

at least one measured selected attribute of the signals associated with the target.

According to a sixth aspect of the present invention, there is provided a method for
directing a seeker to a target, the method including the steps of:

(@)  calculating at least one probable location of the target; and

(b)  generating a route to direct the seeker to a most probable of the at least

one probable locations.
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at | east one neasured selected attribute of the
signal s associated with the target. According to a
wa@Rooslomspect of the present invention, there PGI/AU2004/000983
provided a nethod for directing a seeker to a target,
the nethod including the steps of: (a) calculating at
| east one probable |location of the target; and (b)
generating a route to direct the seeker to a nost
probabl e of the at | east one probable |ocations. 6 WD
2005/ 009020 PCT/ AU2004/ 000983 BRI EF DESCRI PTI ON OF THE
DRAW NGS The preferred enbodi nent of the present
invention will now be described with 5 reference to
BRIEFIBESORIPIHON QF BNHDRAWINGS ch: Figure 1 - shows a
first arrangenment of elements in a network accordin
The prefarhed emb@glémgnt plvidetpresentinyenison will sigpvnbe deser with
arran of elements .in a network according to the
refergiced e TURNEI R B8R BB - shows a t hi rd
and: : ' ' t
LT ot o SRSt IRIALAAR NI Reordifig to the
presedit iRRGRIG)! of elements in a network according to the
present invention; Figure 5 - shows the main el enents
ofFigutechi slpweeiseeratawangemenbotelemests inldnetvhodi ansarding to

of the present invention;, Figure 6 - shows the main
the PggseREHYENSIO, t ar get device according to a first

R R e R

thepgg@n{h{ﬁ“i@pect of the present invention; 20 Figure
S - shows a probability distribution for finding a

t Higrete 4 oslerwah generad arsingestent op elpnagpitty in &ingtwerldaccording to
shows the main el ements of a hom ng device accordi ng
the preseghinvanti®nat i ve enmbodi nent of the present

| 'T:‘{gé‘% DNih @S the main elements of a homing device according to a first

embodiment of the present invention;

Figure 6 - shows the main elements of a target device according to a first
embodiment of the present invention;

| Figure 7 - shows a sequence of steps used in the method according to the first

aspect of the present invention;

Figure 8 - shows a probability distribution for finding a target, overlaid on a
street topography;

Figure 9 - shows the main elements of a homing device according to an
alternative embodiment of the present invention; and

Figure 10 - shows a sequence of steps used in an alternative method of the

present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
In the following description, the homing system refers to the combination of the

processing means for estimating relative position, selecting search routes, etc. and the

7
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Figure 10 - shows a sequence of steps used in an
alternative nethod of the 25 present invention.
w®eohALdeR) DESCRI PTI ON OF THE PREFERRED ENMBODI Me\ITAU2004/000983
the follow ng description, the hom ng systemrefers to
t he conmbi nati on of the 30 processing neans for
estimating relative position, selecting search routes,
etc. and' the 7 WD 2005/ 009020 PCT/ AU2004/ 000983 hom ng
.devi ce. e .hom ng, devi refers he deavi [
homigs Hefe J0F RPIRIC T ER fhaya e TuRii Bt fifbugh
i ' 1€0Oh iSREHRE TertRYsedh@r” m
e R R A ol e A i 22 A L secher” may
be usédarhizh hhe rbferitm thelkeyindeg deoice tiself cortlsatifahe bbniihg device,
User and the hom ng device. 5 In the follow ng
or thepenrabirapies of the Uses and the haotsg sle¥ic scl osed whi ch can
be used to inplenment an effective systemfor hom ng
in on a nobile radio term nal. These - nmet hods can be
% : : ' . . .
In e g A e P R e B AR 1 AR ued to
impleREENAH Eif&RReigyatent Sorti@hirgf fresi atrhebil@pflid tathionl. These
To aid in understanding the different nmethods and the
methods camrbe appbed imdéferahi cdmbirtadipns slependingier the nafaire of the

possi bl e hom pg, appl i cati ons are, arranged ,Ln three .
apph@ﬁrtwb@nc? ﬁaﬁctﬂcgﬂwaf)%%cl‘ EH RIS RIS ?%qw he g‘%@?ﬁ‘ﬁ%&’mn-

.farget; an ' i i . r .y
vo 148 A5 AR A8 BB R RRAYRL el BRERE i whic
they @RldRAREHS theliSodsiie Bohfing B@FE&QQ‘M@@S spsdreqhdud inh® g groups

devi ce has no separate signa measur ement capability.”
accordhrigstoatheangebiities psovidedsty tteddrgat abidgworeinig deviceshiespectively:

target device 10 is shown within nobile tel ephone

network 1 including BTS units 2, 3,, 4 and 20 5.

Targgt. device 10 is 4 f

1.q; gnieehercn s defistdt TR EE M SRk S and epgrts
Sy St@EESH tHIMBAth MR 14 HotningHRIA@ ik n®Eeparate signal
i ncapabl e of, takinhg neasurenents of surrounding
si gnakssureb@mit kgpahititem 30 conmuni cates directly with
hom ng device 20. 25 Note that while the preferred
enbodi nent has Target device 10 making its

This arrangement is illustrated in Figure 1, in which target device 10 is
shown within mobile telephone network 1 including BTS units 2, 3, 4 and
5. Target device 10 is able to make measurements of signals within the
network and report these to homing system 30. Homing device 20 is
unable to, or incapable of, taking measurements of surrounding signals.

Homing system 30 communicates directly with homing device 20.

Note that while the preferred embodiment has Target device 10 making its
own measurements of its surroundings, it is conceivable that other devices
make the measurements of signals transmitted by Target 10, and report
these to the homing system 30. Alternatively the measurements may be

made by both the target and one or more external devices.
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own neasurenents of its surroundings, it is
concei vabl e that other devices nmake the neasurenents

w@boosiogmmad s transmtted by Target 10, and r epoPCT/AU®S000983

|\®]

S8

by 1MEAHIANNE P HRSISBTS ISR S
dev'ﬁteségcéosfdﬂpcll? to take nmeasurenents of

to the homi ng system 30. Alternatively the
measurenents nmay be nmade by both the target and one

nmore external devices. 30 8 WD 2005/ 009020

PCT/ AU2004/ 000983 2 Both target and hom ng devi ces

e RO SRR B e e IR et
!"%E%é‘l‘s%d‘ﬂ% Ethll'{e§e?o’cHéM}h dﬁ;"tétﬁt device 10 is
inb eph ne network. 1 including BTS units 2, 3,

4 and 5. Target device 10 is able to take
measur enents of surroundi n(% signals and reports these

Foisiantpangesnenhisdlustipted in Figane 2gorvakichiarges shefipe 10 is in

gﬁy'r’%\?%‘? PR AndnRugETa PIRGGR D o g Lyaekdevice 10
d ovi B bﬁ%?d ﬂke\lfﬁéés%lréﬁteh% S5 dﬁﬁ gs%nreatlggn@ ‘ri:g[}n&‘ils these to

ts own surroun asur e
| Bo@fie ey stal 3. tThathioddigigudenon dtorhtedéviee 20 is also able to

measurenent’s of the signals transmtted by homng

devi ek @neasurempotstof sueamding sighialghyd rapoms theggrtgdoming
and hom ng devi ces neasure selected attributes of

radi /&Pt s in their vicinity and report these to

the hom ng system In addition, the hom ng device
directly measures selected attributes of signals
tranashir, e¢hildit id F&f&ﬁi’b@@fordﬁﬁ hoeniapdesil0 @stakBs@wn

to the honi ng sys

i | | ustiratedingmBaguesedits, it istiooheivablgahatietlier eleyBes $ake the

em 20 This arrangenent is

nobi | e conmuni.cat.i ons networ kdbydhcat eddgener

Vlcq-gfjl @gfl report

Target and homing devices measure selected attributes of radio signals in
their vicinity and report these to the homing system. In addition, the
homing device directly measures selected attributes of signals transmitted

by the target device and supplies these to the homing system.

This arrangement is illustrated in Figure 3 in which target device 10 is in
mobile communications network indicated generally by 1, which includes
BTS units 2, 3, 4 and 5. Target device 10 is able to take measurements of
signals surrounding it and report the results of these measurements to
homing system 30. Similarly, homing device 20 is able to take
measurements of signals surrounding it, and report these to homing
system 30. Additionally, homing unit 20 is able to receive and process
signals transmitted by target device 10. Optionally, homing device 20 may
act as a relay between target device 10 and homing system 30 such that it

can relay the received transmissions from target device 10 to homing
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signals surrounding it and report the results of these
nmeasurenents to 25 hom ng system 30. Simlarly, hom ng
walenwsoa020 i s able to take neasurenents of siPOEAE2004/000983
surrounding it, and report these to homng system 30.
Additionally, homng unit 20 is able to receive and
process signals transmtted by target device 10.
Optionally, homing device 20 may act as a rel ay

bet ween t ar.get, device 1 nd. hopi.n st em,30 . .

? hat Siferh F0d et SHag Tkt ARRicP IRl B2 Psign directly
tar gt%th&gﬁ{%%,sjc&ltg@. hom ng 9 WO 2005/ 009020

PCT/ AU2004/7000983 system 30 rat her than target device

10 transmtting its information directly to hom ng
system 30. 5 In general, the hom ng process can be
In geneitad dhe donvihgayrohessicag hemensegdnf ashaying thp stpessage

and a tracki,ng stage. The searching stage applies in
a§§i§§§é§ﬂﬁﬁéP@dﬁhgﬁﬂﬁgééﬁﬁﬁhd hom ng devi ces are unabl e

to report sufficient conmmon observations, i.e.

observations of the sane signals to enable their

The se&}chiing/ ﬁaﬁ@ sibpliesid eadee whaas yhe thrgef @td hymifldeftgret Ak unable
stage methods are 10 used that enable the homi ng user
to repart pefficienhcamrebhiobiserviationar ich obeerviations af thet samg signals to

et Bl 0 b SRR SR Rk Ao re
t , i Ci .
o SERSHEIE S DGR LA S PR e i

the afnR @f FERAKhH BhPEQRREEON %kﬂ@eérﬁﬁonﬂtﬁ%ﬁﬁﬁ GRS dBICE Bfthe point
common sets of observations to enable the hom ng

that siéficiert tamorforcowasngenands cam hpinsdde. t @necheufpigisnt icommdn
the target. '%ree éh t the search, if _ sufficiently )
obserxHans AF8 available, the hrming systemreniess the ragking grosess yeing the

diffe%ﬁé%:lfoe%tgn%%nr]\ 35 se%ec?feclﬁ%ie{\yah%f%ﬁé %ggk)#grgcﬁﬁ%@?&iﬁig%vice to

owever, 0 achi

convﬁ%%irﬁb%‘faﬁ ®the %g‘éitﬁlrﬁef B0 tdRRt S Kk & A TRY bEASh A f

ile termnal (t target device) 10 that is able to
suffidieatbuechaistivectadreatittrin butuesessfuldimgtiag of the &rgedwithomt the
geographical ly di.spersed_network termnals of the
necesgy S LRI e king stagspiThe aigyhewayer, erioachiqys; thempost

efficib S {808 5ossible.

The system provides a mobile terminal (the target device) 10 that is able to measure
selected attributes of signals received from geographically dispersed network
terminals of the network serving that mobile terminal. (These network terminals
may or may not be fixed in their position, however it is assumed that their position at
any given time is accurately known). These measurements will hereafter be referred
to as observations. The target device 10 reports the observations to the homing
system 30. As an example, the mobile terminal 10 could be a cellular mobile
telephone. In that case the networl; terminals would be the base stations (2 to 5) of a
cellular mobile network 10 as shown in Figures 1 to 3. Alternatively the mobile
terminal could be a wireless LAN adapter. In that case the network terminals would

be the fixed Wireless Access Points. It is assumed that the location of the network
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may or may not be fixed in their position, however it

is assuned that their position at any giventine is
wa@aewanedoed y known). These neasurenents w || heP@rAU2004/000983

be referred 25 to as observations. The target device

10 reports the observations to the hom ng system 30.

As an exanple, the nobile termnal 10 could be a

cellular -nobile telephone. In that case the network

i inals. I t i. ’
term BRI € RE RIS SRR NGl Gufled thofyben the
mobif¥ {e2hfiRAI NBlep ot 3@ BH¥el-Pati drPpEitAiRing Q31 HabEifahé@l §&Sterminal
LAN adapter. 'In that case the network term nals would

it als@GupplieimfdimetdovVénablass thchenindoraners. 30 to identfystivae terminal
~that the location of the network 10 WO 2005/ 009020
(in onpieT tauze thy Wdogsatier conepiningitelogetpnhbier egmple in the cellular

hogm ng syste It, is.further assumed that, .when th .
netwiighi T PURRITErS HsnEERCEE RASS Y a7 O Peniba e Ajons with
ARfticular network terminal it also supplies
ormation enabling the hom ng system 30 to identify

that terminal (iri order to use the informtion

~concerning its |ocati on%. For exanple in the cellular
In th& seemaviordd Kigee, 1,ihe fandttbatsthedwmaingydavgce Hedpesaot have the

station uld be supplied al.on ith .any obseryvati on. .
capality Homal@nrasronepurana that el SR REf e Gan g applied.

i . \Y/ il ; .
The 299,00 Sablica GERBRLIL BRI, rspio e
movidRRiriiRe: Ife thgNAUTNghENEE At FONtinE Sy stése S0 & sBiland gather
technique to decide if the target 10 is nobving or

indepastdent bbsérvatiang everl® rangenefpesgtions: éiltevimgrifeny ki weauge spatially
I nde ent observafions. over

mmoir%}%gé g'éats(éagr? ¥I?G§$¥§erﬁtfl<?§ | Wge%%mefauftlggﬂsﬁ&%a% Sichya set
et G RS W S

enabB&S dnakf of iRthdhthaeving 2d ey Fsliow @ reafe YW illentercept the target
difections 15 enabling a user of the hom ng device 20

10. Mord ofti¢rowhaacouwaey whilbewulficient torkseghtle th éolfawdhbe pragress of the
More often, the accuracy will be fficienéto,be |l e
targef G BT NGNE HEST iDL R Faret T fet SIORPFEWAEgAd here are
usento [t Il e . ' .
srorl Sl Qa0 el el DAALERY IR D83t SRR KL A wying o
interéd¥tiid. the target is stationary before trying to
I ntercept it. 20

any diie

In some arrangements (as will be discussed in more detail below), it is possible for
the user to provide the homing device with information as to the mobility of the

target 10.

In the case when the target is stationary, (which in environments that give rise to
heavily biased location estimates makes the target more difficult to find), the
following strategy is employed. The homing system 30 uses the observations
reported by the target device 10 to estimate the most likely locations for the device
(for example by calculating the probability density function (p.d.f.) for the location of

the target device). This p.d.f. could be continuous but for ease of explanation we will
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In sone arrangenments (as wll be discussed in nore

detail below), it is possible for the user to provide
w0 b@sloagweng device with informati on as to the pobalRdy000983

of the target 10. 25 In the case when the target is

stationary, (which in environments that give rise to

heavi ly biased | ocation estimtes makes the target

nore difficult to find), the followng strategy is

RN R e -
repre%éx{ftﬁlﬁ tHPRRAIHI fhak tﬁé“t%_rg@cvd&ﬁce_ {4 ratgne F@ﬁ%g%&‘% pfosi)tions.

cal cufating the probability density functio
The Ho@hi stean 3Dithen plar3G tete tthatyeisitd ehé aejst likbiyslopatiorhs of the
coul d be continuous but for ease of explanation we

targeifirst, hut thenaosisy posostgbrivsaliiehulwetons (akngmate acgaymt the

in the formof a list of |ikel osi tions .and . .
street{QpGErARIN- JRSHRBT IyTYARREEted i st o8 g hgming device, by
standakd Shd1e0d, Pt Q§H{%ﬁe§i%c?_€51cg?9ék9 %r%ﬂla'gé. W€r then travels the

respecti Ve posit’i ons. he hom g system then pl ans
routedobRitpefor bialo ¥t $istial ¢ipAs obdie fakkel N. IBCASt oNsting thdenost

target first, but then visits increasingly less Tikely
likelyl locatiomsn she tisdd ofghe icoiagatamice ishikely &1 ftedthe target in the most

efficiganABRE AL 66 I ToU AR AL HEARES PlefErIgeUte, the user of
n ' NI . [ . The user then
e nEYHERB R S Bt i LRSS

audi o or visual signs

of the target 10. By first visiting the nost |ikely

| ocations, the user of the honming device is likely to
Accofding tolaa dspegetf tha pragentddisventif, tlee¢ aser intarfrme need not indicate a

_However, by follow ng an exhaustijve planned route, the

positigpelor 6he FEehEUh aﬁlﬁgaa@\ﬁe&@ preage ﬁpﬁéﬁwaﬁeﬁdﬂlﬁeform of
. ar : cor di t .
interfefi, 8 ca 5 RREHi8upBoAa TR 8L e\ ePHESFAL infesface that

preseP@h liO8f é@sfsiﬁl@ %o&ﬁfo@@t ThidHvill 84 A& Mmake@ WrBokOliR&y that the user
taken to find the target. This formof interface wll

will foHowentl edmifstivetseatdhqrrooesstanel {herebyofudched is ndirgtheatarget

interface that 15 presents a |ist QCI‘epos&

| e
deviggodiheirgHse PlARINGPFPcesh R PRIREC; the fpitle 1%? Rusly fackgys as street

the, user, w || _f ' I r
opo SP3BT RS PR e
a5 0SS DL B0 Mot e v
10 beired att thoss popitiohsicheld b&kebed posiledtdhs rowerwih dhplavestexpected

~distances between the possible positions and the
distapegsoci at ed probabilities of the target

It can be seen that an aspect of this invention is the observation of signal
characteristics related to the path (primarily the distance) between geographically
dispersed terminals (2-5) of the radio network whose positions are known and a
target mobile terminal 10. Accordingly, this invention also applies to mobile
terminals that are equipped with GPS receivers that make observations of the time of
arrival of signals from satellitesv. Similarly it also applies to remote positioning
systems that make observations of the signals transmitted by the mobile using |

remote terrestrial based receivers for example.
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20 10 being at those positions could be used to sel ect

the route with the | owest expected distance. It can
wheooseeg2d hat an aspect of this invention is tPE€I/AU2004/000983

observation of signal characteristics related to the

path (primarily the di stance) between geographically

25 dispersed ternmnals (2-5) of the radi o network

whose positions are known and a target nobile

term nal 10. Accordingly, this invention also applies

to nobile termnals that are equi pped with GPS

Insoﬁ@%gé %@#&?ﬁﬁlgﬁé??ﬂgﬁ%Bﬁ?& H%ng %I?S o npfelatlve %osmon

arrival on1sate |te l'arTy i1t als
calcuBRidns @9 d! D uit€ BEIL&iRO&1ct Atoat Hermydlatnpoinhahdakely use the
observations of the signals transmtted by the nobile
homlngldmg'ldaa(ﬂ()rfammane fmmnmnlmmwnt@dé\emumser In this case

exanple. 12 WO 2 090%%hPCT/A 004/.000983 %{Gouf)ciTEse some

the eI BBY FRECHEM eBUNg dE¥igduttdhga
o’cherper ! g{f{:‘nﬁ%g?é ch%{rﬁgrﬁc%trl] er me tj('l'e %ﬁgﬁ%ﬁh%%rerﬁg#ég This could

meart ffc‘)? mﬁ@ﬁ&é‘l@\a@lﬁ h@@r&ﬁuﬁﬁ & Iﬁ@ﬂﬁ'& ¢PabFIRFTROULE Bk B @he dlrectmns
with the g user. In thls case 5 thé user may not

comneweitateeledaahe edisting gublive madip wwiork therebiy sigréfidartbureucing
use sonme other general purpose comuni cations device
deplaygnericsistee the directions. This could nmnean for
i nstance that police requiring a homng capability
coul d have the directions communicated via the

FBbd I b 00 kn thEE ehapiek ke abé
s BB BoPE P AR SR R S RS et ove o

the pbsition®fslis tage8Thahoiisg apgent 3kwil tasuldhea sstof hkely
nove to the {) osition of the target. The hom ng syst? )
posit@mswif the taggeu (bta@daprgéf@d%dlrﬁcm@nﬁo tb@éﬂsﬂ hesifying pa etficient

ar get and de_di t.iaons t use
search 3off yflna S PERPEUERT b VaslePe oF i fngting o the
capalﬁﬁldlag % gévik8 -8 uYgﬁft?&MaP\fthﬁ{éﬁhg BRRNAL VAR has an
capalll Ies of the homng device 20 in
inderRaideie pbsitionieyt bepattilier drondnFodelié casehahermnthe homing device

I ndependent positioning capability or not. For the
does bag@amed@etnd@nh@@m@waﬁpmab%e Ohw@%ﬁaq&%ﬁ@@%@rﬂ the

e KB SRR A0 B LR Bt rorm
of a rERYULE AR RORIAWELN TS TROVe (£8r kar® M arrow on a screen also
relying on the ability of the GPS receiver to detect current direction of movement).
The directions could also be automatically updated as the user moves. However, a
simpler alternative is also viable. In this case the instructions could be presented to
the user step by step in terms of local landmarks such as street names etc. The user
could be asked to orient the device with respect to a particular street. The homing
system 30 would rely on the user to indicate when a particular step had been
completed. This would be suitable for instance for people using the homing system
in an area where they were familiar with the local geography. One such application
could be searching the streets surrounding one’s home for a missing child or pet.
The ability of the system to operate without requiring a positioning capability in the

homing device would enable the cost of the homing device to be much lower and
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of arelative direction in which to nove (for instance
an arrow on a screen also 20 relying on the ability of

WO b@seRB20 ecei ver to detect current direction BET/AU2004/000983
novenent). The directions could also be automatically
updated as the user noves. However, a sinpler
alternative is also viable. In this case the
i nstructions could be presented to the user step by

i n. terns,of, cal | andmar ch as .street S..
perhganonhist GBrd g tost AORETEH b PR PYERTISF R FISViCLd Bevice for
eet. The hom ng 25

omas‘%ﬁ%i ar{:r’?gg % d{ia gﬁgin%] R{St EE to i ndicate when a

particular step had been conpl eted. This woul d be

sui table for instance for people using the hom ng
Turningsn@mto ithe a;remma)fvﬁlguee 2 ndych\mcéuqimll ﬂmelement& pfethe first

| ocal, geography._One suc |ca coul.d be

aspedf HAe dmEE /16t 220N pithe 1 8 IREe GpaRle of
measblﬁlg% Bg S ]9'{ tgb){% opﬁét‘wor];m?%r?ﬁ altﬂr{%tgé ad ﬁfe t§¥§étq{gvt1& 10 The

requirin 1 'oni hg capabi |1
homihg my§tg;nh9(')rbé&9 ug@’e‘kh§ @dﬂ@c%rﬂﬂ %ﬂf@bfr@tibh%%ﬁ&m@@r bhﬁfag
h ng device to be nmuch | ower and 13 WO 2005/ 009020
partiR(3Y Aldrabls GHO B8mipgshsies ddtemiavefoemraisaartthntdie afoxteration
one mght be prepared to_pay for a deyice for
to a teasking Biesle ‘ﬁb?ﬂ‘ tleereiase sgﬁwrﬁ@fmﬁem%’swa&@m 5%Eorted by the

homlgglrzlal tgl(féy k hg?es ¢ u %r%c f F' %1}(\? l%e d'uré% Hzﬂgﬁlatlon

aspec
of théigem@@e GsitiSns BPHIRY ﬁ&nﬁ%hﬂﬂ)@& W HBvided. eﬁﬁﬂh\é%&em@@fe
of neasuring the sane types of netvvork si gnal
commabh hdid @sons thibentlalegatmdmevaceardi@ coffmitationion ghesyeda eve
30 can use this additional information in a nber of
posumystham ﬁepqratqu calcatating Gdpration abthedatang ag 9@& evices

and 44%8%9 {l}el,lr&s 'éﬁe Cl:sgﬂlﬁoclge ‘fﬂ“ RSLAN abeb%etéa%“a ES Bsaﬁohggqmg
comxfl\_ﬁﬁ %BE&Q’aEXng he, Pé%tﬁ‘x‘?erﬂfr’cﬂls g@@tdof:tﬁé Eﬁ%eﬂ%ﬁﬁﬂl@%@enano of

I's tracking node can involve direct calculation of
Figutiel®e Ineldatitive tpdsé pomsiabfortdveutwayiingrandmieat,gbe ablhty to
devices. In the presence of comon node errors,
companaeletive pesitionadiseqtht @%’bﬁﬁ%@?@% seter Qbrerviadions .evelbles the

o S B RN LR PSR e e
of ps&f&é’k nchkBhsiR n% ﬁ?&ﬁéd@f IHRRAAYhissd Heahshid hMﬁlm% system can

pOSIt ons usi common observations is a feature of

operdtbiesfeaipe ¢ twith féxhér hetveorkiterminald thensie eradéd bgfmethods and
Figure 2. In addition to the potential for accurac

. systepnepfdhe peier art, lier @Eﬁmpleyaqttbat described in US Patent No. 63/529 165.

This aspect of the invention could also operate if the target and the homing device
were equipped with GPS receivers whereby the GPS signal observations from the
target and homing devices are provided to the homing system. (Note that the GPS
receivers are being used to report timing observations, not to solve for position). It
could also apply to a remote positioning system, in which case the homing device
would be equipped with a mobile telephone transmitter that could be observed by

the geographically dispersed receivers of the remote positioning system.
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conpute relative position directly froma comon set
of observations enables the systemto operate even in
waie@goeteoni sed radi o networks wi t hout requiri PQI/A2004/000983
use of pseudo-synchronising nethods. Indeed this al so
means the hom ng system can 20 operate effectively
wth fewer network termnals than i s needed by nethods
and systens of the prior art, for exanple as that
escri,bed in USPt 29 165, This.as t _of
s oSSR HERP a0 0B o R BB Sy e o
[
be A B TS B BBER: K e et Sormnediate point
all tha lech@z[’ﬂd’i@ dimd arahe anterpredidtd pdittpartid ehdrothen@lessit eawigation
(Note that the GPS receivers are being used to report
inforiatiomgrophizenicated ke thetveming devige. for position). It
could also apply to a renpte positioning system in
whi ch case .the homi ng device would be equipped with a

A fuﬂ?ﬁ?ﬂ' feSrdigl g @R@gﬁswg@m }s%etrd}ahsm%fﬂa Pf‘ea%@ $6f URhMing

geographi c Frsed receivers o e renote

devide0O® fol LRUNG] Y Thédthg é3Eb it AQEAQO0HDH cifying a series of radio
PCT/ AU2004/ 000983 As di scuﬁfgéd wth refer efr%lcegto t he

chanfiels $or dreperget alevice, totrheaqmm Ahissyreibdas the lhodmatle;sﬂy steme 30 to

desi gned to have the si %ﬂ obs rvatlﬁn g mra
focu%t@eanewr@mﬁeare&p@r%.qﬁt e tageet dendce A9 omtheiry S that can
be he%tggi)hec egﬁg{ﬁg%e%gcf ﬂ)oth%‘f ﬂ'\%tée{gﬁ% {I{é %x{é‘%ﬁ%?%mmonahty

ormati on CO nica

thet‘gg\fbﬁﬁtm sbedfdfrdReFvaiRakur e of the present aspect is
the provision of a neans for the hom ng device 20 to

send a data nessage to the target device 10 specifying

a series of radio channels for the target device to
AlternattgotheT B ENEE THONSMIEIS e BANG0ECEVifegl 9 measure

e s} “re%naﬁlﬁge?“h’%fugdnﬁiaé%gt PR e
hom,g,%\zslygﬁmg@ot hereby increasing the degree of comonality
he two resulting sets of observations.

Al ternatively, the hom ng syst em 30 could instruct the
hom ng device 20 to neasure sanme signals as are

Therwquj AR @ BIONISIORy Qétth‘%i’@\?g% efgice inadpeate ghe gsipmegwork
chantid] parame(t)ers 19 e ﬁommg (c)lewce, enabling that device to detect the signals.

These channel parameters could include frequency, timeslot, serving network access
point identifier and code. The advantage of a mechanism whereby the homing device
directly measures the signal transmitted by the target device is that the accuracy of
these measurements in positional terms increases rapidly as the homing device closes
on the target device, providing an extra, highly accurate source of positional

information, enabling even more rapid convergence of the homing system.

Of course this facility will be much more easily implemented in radio networks
where there is no duplex separation between terminal transmit and receive
frequency bands. Examples include a UMTS network operating in TDD mode and a
TD-SCDMA network. However in other cases technical and economic factors could

also make the addition of this capability to the homing device useful.
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There woul d al so be a provision for the target device
to indicate the radio network channel paraneters to
w0 b@sloagweng devi ce, enabling that device to dep@ravdee/000983

signals. These channel paranmeters could include
frequency, timeslot, serving network access 20 point
identifier and code. The advantage of a nechani sm
wher eby the hom ng device directly nmeasures the
signal transmtted by the target device is that the
accuracy of these measurements in positional terns

A furmb% ififezehnl af ¥higss 0;5&@ WA eK LI %hca! @RE&iorPAndife

arget” device, providing an extra, highly accurate

anten%@%&ﬁe abniifgideveraln caseb ovivat live, of et proga anfteam Imfs€p0881b1e
rapi d convergence of the hom ng system 25 course
betwedn theftargdtideyiagidnd the lmmmm\@cgatbe Idyrachpn dingting @nfenna

r adi et wor k ere e is no X separation

couldjia werehin arapaard e HeHRE ate o BesTaBId faBgRgray O the target
bands. Exanpl es i ncl ude a UMIS network operating in
TDD nbde and a TD- SCDVA net wor k. However in other

In th&@a%@ swh&ehnk faninBdeRiRNerble foaekeiirethetithe8f AlrBal of the
make the addition of this capability to the hom ng

directsignakfrosethel targes, then 20051160 @0RhenRCI¢EMUIRCDH $PeOBS pessible.
further |rrprovemst of tgi aspect woul d he to include
The eahaneeéaﬁ%aﬁsm?a.t 8t Pethteg Re MRS IRy 1¢foich i efeygetelevige is able

ases, . wher e f  Si I Si
to meﬁe’tl\fﬁetéw i H@d t51 é@eéé\ifﬁ%éﬁg‘n altykhom Ry q g\glﬁf e, bl Cﬁ%e sent to
homlﬂg @2&&»}&9@0 td aﬂ&mt@ﬂ{eem@m% &ﬁgb dnfoRniasRe uddddelow. Of course
way to facilitate a very rapid convergence on

it will lh@uhdemd}od thmttthe hoasagwesie 2theid havg idew s eoinputational

le to neasure the élrre of arrival of the direct
ablhtgﬁglﬁ ahe flrruﬁgtaﬁérapa¢ g the targst 1a comicaiedtatbe h@mmg&evme by

a stargef) BRRSRbiceRis PR 3Rl Y SOR HIRIE R A e3e 2 e ollR e
range]-QohptHéB@(%H{r?o 48Eicé RWEH% tta[’% en\%k{etrfg)rhﬁlg Ji'@\fl@@(@ﬂ%rc%mmon BTS,

hi's | nf or mati on coul hom ng system 30 to
and thalrmgeﬁcbfethbhergmdeom toahg eoimmfian BABI "ﬁhlsq:&emctfelthw;th@ sides
course it will be understood that_ the hom ng devic
of a tiangleuprisiigienit infosmationrtpanals sradial-gastial locedon meaﬁﬁéement
nicated to

adva of the.target

whery S e PEa i PR AR TR b E B e s 00 not
provid®-ad abitRlie tﬁo@&fbr{ fix | SURRRS &Qb@l&&h‘é@%iﬁt%qo&ﬁﬁwrﬂ& the target.

range fromthe hom ng devicé to the target, the hom ng
This éativeel ocatidh enexstramemdiSill increase in accuracy as the homing device
moves closer to the target. The relative location can be used in a similar fashion to the
direction finding antenna to indicate the relative angle to the target (and also the
range). In order to use this relative angle information, the User will need to be
providéd with an orientation, for example by a compass or by asking the user to

align the homing device with a particular street.

A particular example of this aspect of the invention applied to a mobile telephone
network whereby a user 40 of the homing system 30 is able to find a mobile
telephone is shown in Figure 4. Figure 4 depicts a segment of a mobile telephone

network 1 which includes a number of geographically dispersed BTSs, 1,2, 3, 4 and
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and the range of the target device to the common BTS.
This provides the three sides of a triangle, or

wa@ adosioedoemt i nformation to nmake a radi al - radi aPCT/AU2004/000983
| ocati on neasurenent when the position of the hom ng
device is known. This nmeasurenent does not provide an
absol ute position fix, but does provide the relative
| ocation of the target. 20 This relative |ocation

R S ATl .
taroet 8891‘(: «?Hﬁgﬁe Wssdl1d l@le}tﬁb‘n@ﬂlgl Cfc@é@' ﬁg hg fr{ and target

rec:lon ant en toin ate t

dewc@@ akeable tb fé&clﬁéi{ge&atéaﬂ&i tled fbileeelephbgehetworlg! lld EN ofeGhat
use this relative angle information, the User w |

althonghdhe BTSe 2, proundEdreiypically ornsdered part of tre mobipltelephone

a compass, or by asking the u r.to.25 align the
netwaémlﬂg Sgp‘of‘“cl@ ek t%reﬁ%?%g%dh%? ttinal CompgRPRIRllthe mobile

e 3R SRR RSl | PSS AR BB

homlhgrﬂﬂagta§ éttcfé%é’é% Iﬁu@@i&xahgefcbﬁm Be (P4 blRort neéBREOBE vice
shown”in Figure 4. Figure 4 depicts a segnent of a

(SMSirob otleertdate phdrengeGonoedaud skppzowadcbly thealetratosk fominstaece a
of geographically dispersed BTSs .. 2,3,4 and, 16_\WO
packgdwﬁ@@‘@@zgomwnw@mﬁwmwmﬁ@%ﬂ%ﬁomtw% nbehoming

devidtp YRR RER26 o7 BHT R DAt RN e i 0,

travefRLeitd oI RIB RY V"i‘é‘goﬂiér(ﬁl%r mE&Nd 6EGaRéorbl e to
exchange data via the nobile tel ephone ‘network, 1.

Note that although the BTSs 2, 3, 4 and 5 are
typically considered part of the robi | e t el ephgne 5
The m@n\/ﬁiememts of thedwining davdes 2q are sém apFiguse 5. It includes a

sand AP ST BBl 2, CBR R e RIS 21 ot o

been bfiffan NS RR%, "rﬁs[l&ehpgﬁ\&e?&%d Eee&a%ﬁ@%%n@@% thdding

via a s ort nessage service MS) or ot her
recei e bigngklepeBtaeblinghgpfortthe bb(yaddaet dﬂmrmi‘d(oﬁ adlr BTSs that it can
i nstance a 1?acket based data communi cati on service
detect wiBuntitschaighbeiecheedworhie acrHeadgyonithgvhishdhe reivey ip ble to

t he osse |on of find the
measpilt ik Seg; L s Of TS Brdar b agreR 68T GM B PRl inffitrdfrents as
Spe“ﬁg%ﬁom iz fgﬁw I 81\/2 ?2 §§°g& \Aﬁnﬂk%]l:ﬁg%ﬂr"cgfé@ﬂﬁﬂﬁﬁmgfmn system
(phademhLgieEo ararstrdsedan dndubidpeidre RoPharact fsdnaeby idorpaiated by

1‘efereancréD sz'k{eemtegqluiggg?s rcla?peocr(tesI Xv%ruld fnZ(:lflgg tmfr(])?gqahon identifying the BTS
corresponding to each measurement. For a GSM network for instance, this would be
either the full Cell Id or alternatively the Short-Id. The receiver also provides the
capability to optionally perform measurements on a specified list of radio channels.
These channels could be specified in a message received from the homing device
along with other measurement description parameters. The enhancements to the
receiver could be in accord with those required to support a standard location system
such as the Global System Mobile (GSM), Enhanced-Observed Time Difference (E-
OTD). Alternatively the modification could be special purpose. The homing device

20 also includes a general purpose computer or processor, 23, such as is commonly
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15 been enhanced in order to make, upon denmand,
accurate neasurenents including received signa

wo ewslossoand ti m ngs for the broadcast channel spof/AabRd04/000983
BTSs that it can detect wthin its nei ghbourhood. The
accuracy with which the receiver is able to neasure
the signal timngs is of the order required for GSM
E- OTD neasurenents as specified in Annex | of ETSI

M 05.058:, "digi [ 1 ul I [ i "
found 5 pypisdelspfiof s paafiel Fer R A PadBit el T ¥5h6Y 2+
capaMBlof Pris2nBREePhabNHR pﬁQﬁ@ﬁm?ydisﬁﬁ&e@ 3¢t 8ssehli@l, however it

neasur enent “repofts uld I nctude 1 nformati on

woultlgebvide/a dentdrge@ieasoto @W@Edbﬁ& gaidaded information to the user.
measurement. For a GSM network for instance, this
It shomdd Ibe ripged ehattibe maredisplay weuld bd implementedaas a/digjtad meap

s S et P! ik B SR Mt oo
be usf & %«?ﬁ\g’%f BARR G RrnaiohNB3he %Q%')Eﬁéﬁ a§ gﬂlagrckw indicating compass
specified rn a nessage recerved’fromthe hom ng SRS

head @0 fiéthEr O fiGHalrB@aBLFESEMe HRSIEIE] diePXHRIR beraScompass,
The enhancenents to the receiver could be in accord

25. Sukh b cohgsmss cegld bedf sdidsipporansaristiondprayitiotpe soall and cost
effectEyq e I o OB P e G0 2 a3 P14y to be optionally

. ernatij vel h iof [.O [ al
e SHRBALYEAN ERECITRALES GRALEP HRHES By SRESLEN reporess o
the oflERRLBh iRYYRRRSHE AEPUERALethP G RSS Buch 2onipads @8uldSalso
commonly 17 WD 2005/ 009020 PCT/ AU2004/ 000983 found in

enablenblativetteheiplydndiatidhe fdrtinerigrape v be preaendedhbamsistently

) include a display, 24, _capable of presenting. a p.

irrespagtige of Teiagionms the sevicp bythReser s Dot Lpa}n}g wispetlsg includes a
woul d provide i ent Q . e

man S h RS, G A e R pFGTYEH R B tlpphones

whiclh BAbleB endBeerdh t%aﬁ?%gupﬁlfbﬁﬁhﬁ&@%ﬁ&rﬁﬁxgﬁﬂ@ IR Inobility
map 5 di splayed on a standard graphi cal screen.

of thedmegetddevitey t he map display could also be used to

convey other information to the user, such as an arrow
i ndi cati ng conpass heading. A further optional

el.enent of t hom devi.ce 20 woul.d (be a ass..
The :358 ekorls dfip J0PBLHar 5400 Bt TadPHaR 278y 2 & MTRBRRins o
stand@ P SRS feRiphoPle Q¥Artintigte?, Pl')ﬁlrﬁolﬁ[@te?ﬁﬁ{oneelf&&%%h\&@, that has
I npl enmentation. This conpass woul d enable a map
optiodapbayn hodified pih acimilhy fasDiar teetheariobile tedephynendchiver 22 in
respect to the ground, aligned with true north
the hewdag deeiss 20fandi hpresiepedt¥k i on i n whi ch the user
rotated the device. Such a conpass woul d al so

The steps used in the method for the homing device 20 to find the target device are

shown in Figure 7.

Detect Movement The Homing Device processor 23 (refer to Figure 5) receives
measurements of the received signal timings and signal strengths (the observations)
measured by the target device receiver, 12. The Homing Device processor 23 can
determine if the target device 10 is moving using techniques well known to those

skilled in the art. For example it could inspect the sum of squared differences
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enabl e rel ative bearing indications for the target to
be presented consistently irrespective of rotation of

w0 b@sdespece by the user. The hom ng devi ce al SBCT/AU2004/000983
includes a man machine interface (MM) 26 such as
commonly provided in nobile tel ephones 15 which
enabl es the user to optionally input information
concerning the Iikely nobility of the target device.

The n_el ement.s th rget dev 10 .are s R
betweig AP TR0 BB A YA e C A AP RURRP 80 BB aR et test o
deterkﬂlﬁ@“imhtd@{s a %%f\ afPBhA et o SRR ASS ﬁ'ei’éacfed Hen @method

as 20 optionalPly been |f|ed|naS|m ar fashion
woultiprobeedrabitep “Ditislah dnereqgadloge” 2Zhetwist ittadsarriesghe target is
device 20 and a processor 36. The steps used in the
effecimmlpr@mtfcomry lnadignes g tiknexistapte ealeilate piset. tfé}tgmatlvely if the

user Qé%e%r%ré\% @%Vhlgt%lvgg bgg g?egc e% Z@tége ngr}ej?ltgﬁg{gt\ée ”§8 shoul%l treat
the ta;rggfeé%/\gln% F@ggﬁé@ﬁgﬁg ?hgfénégﬁgd rv%:lﬂ'dvs?%t%'t %@éal&ulg‘(%g%l f. which

ren servat'i ons
isthets!wrttcﬁrtﬂ@geed@wb&atg,@cel ver, 12. The Homing Device
processor 23 can étermne if the target device 10 is
novi ng using techni ques well known to those 30 skilled

in the For .exanple |t culdlnspect the. su
Calculg truP A il he B RVEE & 98 By 0B BINg and Signh] sength

PCT/A 4
s TR AR L 0 R0 g e
offse@elr8kAbLAR, (as ORI Be dona witly fhd heddd @E@d?fﬂféd ihfUS Patent
novenent is detected, then the nethod would proceed

6,5291165Blep B)DH&pE@T]DrstaEHC’caed) tRenita$ possihlertwi @déculate an estimate of

assunes the tar fectlvel y stationary and goes
the target %%VIE%RPS%@ﬁ%aP?)d é‘&lt 8 It%@gﬁnéa@remeﬂ“éf‘r neei wWH
methpﬁg Ebsuﬁ(??r&mg% (%Ssetngg %t?)g t]%g pf)ﬂ%lO ae?&é{at& dF(t)p@t(ample a

methég v@ﬁh% gf' b%ﬁ?&lb’@orﬁ?ﬁta@%ﬁ@ﬂd%&l@ e @ded t@tcaldlﬂate the error

cal cul at is the start of the search
ellipset raategyng ﬂadtd:hb erwrpatk Gauddian hodithg psysioenmdg@@tisnkican be
receive timng and s strength _10 neasurenents

|
lmeaflﬁ%neﬁeth@érlgfepowvnegQa&tﬁrgﬁk d@\ﬁée H&t QR accurate technique
woulS RGeS, B e RBA L RaBlS: PR S M. Schbirana .

Boashash - The bootstrap and its application in signal processing, IEEE Signal
Processing Magazine, 15(1):56-76, January 1998, the contents of which is hereby
incorporated by reference. This could involve a technique such as selecting random
quartuplets of common timing observations from the set of all available observations.
Each quartuplet can be used to calculate a unique position estimate. The sample
distribution of these quartuplets will give an indication of p.d.f. of the target device
position. This p.d.f. can be discretised to yield a list of possible positions, with

corresponding probabilities.

If the network is not synchronised and the base station timing offsets are not known,
the signal strength measurements can be used to make a less accurate estimate of the

target device position. Several methods are described in the open literature for
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6, 529, 165 Bl or by the E-OID standard), then it is

possible to calculate an estimate of the target
walensoa0posi ti on based on the tim ng neasur emrePCEFAU2004/000983

Usi ng known nethods, it is possible to estimate the

p.d.f. for the position estimte. For exanple, a 15

nmethod with only a small conputation | oad woul d be

used to calculate the error ellipses, assum ng that

S L B R B SRS SR F T 8P anc

. i T . . i . | 1 \/ i
S L
radio4@iPidrk ATBE BT ranBaadhash Vehithir Tedh®ldggpidnges-v's, February 1997,

application in signal processing, |EEE Signal 20
the canrtentssafi wihickkeye hienehy insotpoBed/By rdferenmey Thiopetdfgnethod is

comr g BHRIEE N CoUE $hbBFYET R KRelisAMR)

..sel ' a r.t.upl . I 10
posi G458 bARGHZRARD UG LR 1% e BUTRAGH IR can lso e
used BPELEMRLé BSp.d.FEacthisleadet upl et can be used to

cal cul ate a ‘uni que position estimte. The sanple

di stribution of these quartuplets will give an

indication of p.d.f. of the target device 25 position.
An expinglepfry algeaﬁvaé{ﬂat By ets %%3 toFalGuente tge Py ‘@fﬁ now be
discugoes i ble positions, with corresponding probabilities.
% he network is not synchroni sed and the base
station timng offsets are not known, the signal
strength measurenents can be used to nake a | ess
This @gotitlaiel eslopred scarth rdnete B0 patigatardegiongwithsthelaam of finding
Several nmethods are described in the open literature
the tapget. Tthe/pinp obtreptgotithupdyingenrraloptuds thatdhasshe gamimum

ur e ts...for e I rtin | | ebr.andt . . Rudgl f
expedlid R AR g, Brg o TR ot dlds KRG Al L it shovia
appr@é@ll tHed GGkltyydf nobiles in a cellular radio network,
| EEE Transacti ons on Vehi cul ar Technol ogy,

46( 1Baged-ofl theFshzetraationkdganeratee pestrl-elitysdefsi btiau €p.d.f.)
hereby incorporated by reference. This type of method
i s Sforshedorayionst she tdgelo Hrerg ace pinunpbesrofNBayioitis can be done.

11T pogs aHa SmPHRRATY YEHhBe P e ki kvl Gtk for the
used 10 CAHMRLRIE Pl whir Vil @R Eriafe RIARRISE the

of an al gori at ‘may”be used to ca ate
route wlbbgeevatishs. 10titH &eussad.gaussian, then the standard equation

for a multi-dimensional gaussian p.d.f. can be used. In this case the
contours of constant probability will be ellipses.

- The covariance matrix approach assumes that the errors are
gaussian distributed. An alternative approach, that does not make
this assumption is to use bootstrapping resampling in order to
generate an estimate of the p.d.f.

¢ Once the p.d.f. has been derived, then the p.d.f. can be overlayed onto a
street map of the region of interest. Transform this map into a set of
vertices and edges, with the streets corresponding to edges, and the

intersections will be vertices. For each edge, integrate the estimated p.d.f.
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This al gorithm devel ops a search route in a particular

region, with the aimof finding the target. The aim
woboosloaoad gorithmis to generate a route that PEEFAUR@®4/000983

m ni mum expected tinme to find the target. The

following is a heuristic algorithmthat should 15

approach this objective: Based on the observations,

generate a probability density function (p.d.f.) for

E Elesl) g‘% 2 o%éag regl&"é‘;ggggde :}g:gg ‘%Dﬁpgg%iﬂ? "toFhat ®iRice. The
ca cya]at:?ntlla&hoqpyﬁm@a%é@&f § Nl er 1Sy RASESBBIE Sopsist of a

ere Vis the covariance matrix of the 2
o bs esivgile pstioh fof theamar Gos eaampyaifshe aegiohverly hhd parallel
standard equation for a nulti-dinmensional gaussian
p. d. foadsdhabwere 800 matrepleng; ased were 5Cbm¢tr@a epags then the
const ant r obabj | i Wil |

|
covatTaHetoReRIon 105 sroneAes CTinmsbRERld be fdCupRglestmetres
gaus3;0) b bh iRl Ad RIDILIES Ry 0o, ¢ hat

does no this assurrptlon Isto
baot $hé pREH18sh RASRGWI Heefl refinéd €& Fintitn ﬁ@t eﬂoﬁ@ a set of vertices

gne
estimate of the p.d.f. Oncethepd? has been
der i wed edgbenvithe grobalfility assigrediceed dyeastieorithds groblem
street p of .the region _of [ntere Transformthis
map farmilaticais Biitec By s Mcgréaééé$ow-t h the
streets corresponding to edges, and the 30
intersections will be vertices. For each edge,

This !a RIbAIR hdWir gsl'éi@the&oﬂldjeqffor éR eVRiR0RNRE 9&2@@ seeker that

/ AU2004/ 000 over the adjacent region in order to
will msa]t dmn thee ghraedbiekpegted dinhdr bt locetet thegargkihe Tha giraceehitre just
region can pe defined in a nunber of ways but woul d
describgrbissasegrwhen §h1€h9eéecb MQvesperyrstemn ée%@rrganeqﬂa@ mavgipgny. In the

case h‘é‘t\’ﬁg% : glﬁed\o%ggfg ?sd %ﬁ%é%{:lf (Lnsﬁggr%?lon{lﬁgﬁt\q?% V%QQO the rate at

whichth& & rgEf i BEYVARTY, fFHr RAGRIRAGReE Sit ‘ise@ﬁﬁké’}? What the szqtem
rectangl e 50 netrés wide, centred on the street,

woultitf¥Oablets eetdcobtite mblvenend bhdthémsoredivmedd opefata ad foothe non-
finding a route along a set of vertices and edges,
MOVIREtdaS&a probability assigned to each edge. This problem

In the event that the data indicate that the target is moving (and therefore at some
speed) it is no longer possible to offer a route for the seeker that will converge with
the target. This is because it cannot be assumed that the velocity of the target will
remain constant and also because to guarantee convergence, the seeker would have
to be capable of maintaining a faster speed than the target - something the homing
system cannot rely on in attempting to compute such a route. Therefore in this
circumstance, the homing system will inform the seeker that the target has been
detected to be moving and rather than providing a detailed search route, will offer a
simple route that leads toward the likely location of the target. The idea is that the
seeker should move towards the current vicinity of the target in order to resume

homing as soon as the target has slowed sufficiently. In the event that the seeker
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formulation is suited to analysis by graph theory. 10

Thi s aspect of the hom ng system provides for an
wetdosoowed route for the seeker that w |l resPCT/AUZ004/000983

the shortest expected tine to |locate the target. The

procedure just described is used when the Detect

Movenent step determ nes no novenent. In the case

however, when novenent is detected, consideration nust

RN D —
then é&ﬁfhtim%&llgﬁﬁgloﬁiﬁéﬁ Q&to?&fnég e novenent and
ereefo Wou

re it operate as f the non- noving
case. In the event that the data indicate that the
target is noving (and therefore at some 20 speed) it )
Display RouteoBgeed podle pidsf. calcoldted paeyiously, itds pohsibkdiskdgtermine a

tglat v_\fll,,c nver el,yvittl]th,etar et., This is because it .

routectgahyill gésih e et ey ledadions o5 e gt st 1 Rfogressively

move tonesdartd Pessg "ﬁ?&léf"‘l%% 51'?59 R%ﬁgﬁﬁeeeia%gféacg%ﬁtcﬁ% route would start
Se ave o] bl"e  of

conver gence, eKker wou e capa

at thd Woat %fc_fﬂa'ﬂv% podifdheind AeetmbRaduthard 8ri&ncen &QENPEEY having
the hom ng systemcannot rely on in attenpting to

regarddopthe @astech ofthemiteets. THeis ebutesinfermatien 2éuld be displayed on the
ci rcunst ance, . the hom ng systemw |] informthe seeker
map gisglay, R4 of shgBemHRg dssis: Siotteonish a}ﬁe hs&rﬁaﬁq@toaﬁ@ user by
L.rather.than providing a detailed search route, wll
te)‘tuﬁﬁ Lefudio %Fﬁégggs-r oute that |eads toward the likely
| ocation of the target. The idea is that the seeker
shoul d nove towards the current vicinity of the target

Filted Obeerations Waslstthe homiing dasice @0mmasey, bige dbsegetatibiascan be

 slowed sufficiently. In the event that th’f seeker 21
filteragbusiogsy wetozd thad reeeuts 400Heves b neYch (Hiercatgiyel known to

close, to,the target faqr.the t em. . .
ose UGGt B BRI BUB T B, RS s provides
more@?:ghfdt@ ds@aRS G 18l timirld SR BnRPMEEnBRS GtheQtbskReations from the

p.d.f. calculated previously, it is possible to
targetldteics] T0e can bb filewéd in hatmilat fashicsi, in thie casestakingity account

| ocations of the target first, and then progressive

|

the dagisientoade i3 thindetess Maviepegn} stere gendsrringAhgimplpidity of the target
. exappl,e of such route uld stapt ., at.the npst,,.

devicy QBN ArnanE Sof (3 ieh M uiest oF i hiine Fp8 20 1 assumed

il ' hBg i aftg to the pattern of
to be%Egggg%égﬁé%%ﬁﬁ@gﬁ?g%ﬁgﬁFrlgtgl on coul d be displ ayed

on the
If the homing device 20 has an independent positioning capability then the absolute
positions inferred by the relative position estimates can be averaged. If the homing
device moves over a wide area, this should improve the accuracy of the resulting

estimates.

Calculate Proximity Metric The calculation of the proximity metric will only include
observations of the BTSs that are reported by both the homing device 20 and the
target device 10. This subset of the observations will be referred to as the in-common
subset. For example, if a particular BTS is observed by the homing device 20 but not

the target device 10, then the measurements by the homing device of that BTS would
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map di splay, 24 of the hom ng device, 20. It could

al so be provided to the user by 10 textual or audio
wore®sag®so Filter Cbservations Wil st the hom PQr/dei0e800983

20 noves, the observations can be. filtered using a

met hod that accounts for novenent. Such filters are

well known to those skilled in the art. An exanple is

the Kalman filter. This filtering provides a 15 nore

By T SRR R T -
of folrhd.t BhETinh e§t wolid BE théaak grjrrgced st B L‘Pﬁ’é?bé%é?\gthe filtered

into acco t he deci sion de in th Det ect Mbvenent

estm&‘t@ofﬁmﬁﬁeg éhh(ﬂl glg&*laii streigihi frymothethteningr datice 2@und ehe filtered
Wil st carrying out this step, the user, of the hom ng
estimades efdimieg amd amhe@engiﬂﬁ fm@npﬁh@gam |1ﬂgdlez11dm:§by ltlee number of

BTSs/iadha i FoaBuan e Ly Sbr by bRhAos coapinRe P e Re Srimates
of th@@?ﬁ%’i{l&op&c&b ﬂﬂﬁ dbgé [tl%?u]gby the rel at ive position -
esti ha e

aver ag ed. the hom ng device noves
over a wide area, this should inprove the accuracy of
the resulting estimates. 25 Calculate Proximty
MoreMatptiistichied vatstarisatfitbis metriharegraszibie. tyonmtem'\pley\iflm is equal to
only include observations of the BTSs t are
the nlﬂgthﬂrtcg FTi5y IR FRMFARA FiEPIEENER %e%fﬁw gt fiadineyhe

welgggv ectﬁn (5)9 Pg&?ﬁe@ SR W Qlud S pc%%gnq ¥8td|]:o ?@g aA hg?‘fme}ar

as the 1 n-conmon

funct?olpéf N qq{eaﬁorBTlﬁealsﬁﬁ{Q%h\«eaumfbé &%d@ﬁ%nﬁc&%ﬁhgpy luce the

but not 30 the target device 10, then the neasurenents
size dfytht meethiors nhe devibee of B HSsan tlm’ﬁl-mmlmhd)rﬁguh@t mcreases Such a
2005/ 00902Q PCT/ AU2004/ 000983 not. be i ncl uded
function winwhd ke i skhis neRdingasity i ‘P%ﬁeﬁ"ém ﬂte yiipys Phﬂ%oraenon that

os thEHIREES 81 (hOIme, The cohpliesl: ould b ey el gt edingly

likelst td@&gcmg S§h&r@1~q§t rength fromt he hom ng device 20
and the filtered estimates of timng and signal

strength fromthe target 10, divided by the number of

5 BTSs in the in-commpn subset. The weighting woul d
If thetmunm'angfé@daﬁtcat%éhégth%f% deyfice Hband helppming dgyice 20

are clooe b & ea H OBef bcﬁ YR L Rod would enter tracking mode by the use of the

Common Mode Differencing step otherwise the method would use the filter

observations step.

Use Common Mode Differencing Once it is determined that the homing device 20
and target device 10 are close to each other, then it becomes possible to more
accurately calculate the relative position. This is due in part to the possibility for
eliminating common mode errors in the homing and target device observations,
particularly relating to multipath biases. In the GPS prior art, several methods are
disclosed for calculating the relative position in such a situation, some of which
would be applicable to this situation. The simplest method is to continuously make
position estimates using the observations from the homing device but limit the

observations to the in-common subset. Similarly a position estimate can be made
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More sophisticated versions of this netric are
possi bl e. For exanple, if Nis equal to the nunber of
w®I®s/00992¢ he i n-common subset, then instead ofpPdi/aigiongoosss
by the 10 wei ghted sum of squares by N, it would be
possible to divide by a non-linear function of N The
non-1linear function would be chosen to increasingly
reduce the size of the nmetric as the nunmber of BTSs
._in the in-co n bset i|ncreases. .Such f.unct i on
using, i SPSETASTOTRAE He iehBRFICEy O isih a5 FRgnhRAn subset.
The rgg\fiv%?oswiq&? IQlateR 3y ta?&n%ﬂ?e J}‘@crfgf]gifpé?gnée%&%en the two
evi ces nove closer to-each other they are
positicicéganateg! ikbnatikdy yhé eeldevepbsitiva @ate dl&tatedfdikdaly
proximty metric indicates that the target device 10
whichean treguine aisnplige wupeba®f reteoek teraninelseach ot her,
then the nmethod woul d enter tracking node by the use
of the Comon Mdde Differencing step otherw se the
t Ll.ter i .
Beco A8 o Bof e Wiferkhih e EBICRRIFOY R P e ol elative
positidied e fineatdRY keudd mag Belinsigetted Q¥ iabindOn Hiepfrd-a6Rrmined
to each other, then it beconmes possible to nore
routeaandfallevya dakdidraventweonéd mtdiceseq byithe selatiVhilecation from the

due_in part to the possibility for 25 e].im nating

homing AssAegdbedrest deiver hgl%%m et s Qf htgetionsgpiid be

._4.. 0bservations, ;. rtdcul arl at i [t | .

ncicRREL A RueBE S 208 B BRI B st cesvi

the MI/$ %9@%&}&@&% ddiliad indtliddie Esthphiésy o5 RBsiditRRohould be
such a situation, some of which would be applicable

providedtihiterras bfiatiitableThdicatormpdre e maphtisplayg, whose orientation is

_continuaqusl é) make position estimtes using the . .
adjusprd apepaelingh® thearlative heghinggodag itaigebdevice i pnglbe gientation

opser.vat,i ons }.0 .the i n:co n subset. Simlarly a
- of thepﬁ%’i’f‘t“i‘%ﬁle&c?i‘ﬁ%&l%y?ér?tBlée e 23 WO 2005/ 009020

PCT/ AU2004/ 000983 usi ng the observations fromthe
target device 10 using only the in-comon subset. The

The prekahity engoRi dandre rescaballsteldattesitapld inkénrglsttbenveitdothe
di fference between the two osition, estimates.

progmss ef tha hewing dreice 8 dewardpds tergat deairepd. dathaprardmity

et 0G5 AR G SEULE RS RSl Bherging e he
user gae ‘fgf Fi\gxgeéeegoai& t8RhE ptIdHRE Rit& (S SuibftAY b fified version of
the predefined route), and the method recommences with the Filter Observations

step.

If the proximity metric continues to indicate that the target and homing device are
converging, then the method continues with this current step. As the homing device
20 continues to approach the target device 10, an audible or visual indication of the
estimated distance to the target could optionally be provided to the user. As this
process continues, the relative position measurements become increasingly accurate,
and eventually the user of the homing device 20 establishes visual contact with the

target device 10 and the method is considered complete.
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position determ nation, the user may be instructed to

abandon the pre-determned route, and follow a
wa@l2oosob400n or new route indicated by the rel at PBEAU2004/000983

| ocation fromthe hom ng device to the target device.

This nodi fied set of directions could be 10 indi cated

on the map display, 24 (see Figure 5), or given as

audi o or visual cues via the MM 26. If the hom ng

devi ce ji.ncl udes. a co SS.1 .2 he direction could be . .
n 3 R S AR SRTEBE et R PG oBRed REmihag etail

di spl ay, whose orientation is adjusted according to

the relative bearing to the target device 10 and the

It is a@Eiu@etahhpothahe hioeningrd evdcetBined tith BpEeyl Phawd a béteof
time. 15 The proximty metric can be re-calcul ated at
obseryatioabkesdcinted veitls thannnppese thaé theresge esuibset aftfbese that are

s B S AL A SaE A
e PFp b NSRSl Bl L b e

signallB@bhé@oarvEtisding MidasdPernbatdroeded fiftkdndattend BISd Aderdingly,
net hod reconmendes with the Filter Observations step

the ob$ert’hgons fori the fiystregtd $econd i Tharesntanimding sugppolse tharkare N
target _and hom n]% device are , ﬁ\gnver gi ng, then the )
obseryatingg i eI sDaNete thRitarsel s o Hy cagpon pRserKatigsh iy T =
device 0 nt i pUes. t et  devi ge, ;
(e 15m5 A€ s T aEE IO DS i B BB WAL G il tere
denotéd ghRpeR. t O the target could optionally be provided to
the user. As this process continues, the relative
positi on neasurenents becone increasingly accurate,

. - ual.l . t i i . .
e SRR OIS B 08 O ARG 814 spion o

the Tapet whad bet hod i s considered conplete. 30 24 WD
2005/ 009020 PCT/ AU2004/ 000983 An exanpl e of how t he
above can be cal cul at @7 $™bWCHASi dered i n nore (1)

tail. 1§, o ' ing
wherS55% o SRR DRkoROLbE OB BARH 60 BRng o
(c). ThSSB6tbAERMHWM, ) ilpitheSupanaer tdadr td BRI séivatidhss@afadornmon
of these that are 5 shared. For exanple, the hom ng

mode §&PICEOPMAR tg RethHAG Bosingdavicstand hyeet) drds theriolyg components
associated with the target that are not in-common with the homing device. Note that for

certain location methods, it may not be necessary to include the ¢ parameter (e.g. systems

relying only on signal strength).

Similarly, for the homing device, we can write

(n=g(xy)+d+ny | ' (2)

where xy is the parameter vector of the homing device, ny are the noise components
associated with the homing device that are not in-common with the target. Denote the offset

between the homing device and the Target as ox, i.e. dx = x7 - xp.

The most common way to estimate the offset is as follows

S = g Cr) - &) = &7 (g(xr)+d+nr)-g™ (8(Xu)+d+ny) 3)
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measurenents for the first, second, and third BTS,
whil st the target 10 m ght have signal strength and

wo 2ovsogoopeasur enents for the first and second BTBAU2004/000983
Accordingly, the observations for the first and
second BTS are in-conmon. Suppose there are N
observations in common. Denote the target's N

i n-common observations as X T =10 (~T1, ., N', and
the homi ng device's in-commobn observations as xiH =
(~sl, ,~srv)' where (.)' denotes transpose. If the

Howeh@mmg dekeMice elimishid the comnget moeVéress aind aldoaRes hex gacide gradual

ot her, an observation equation for the Tar get woul d
convesgents O Theg@ser)+d+i nT (1) where XT = (xT,yT,ST)' is a

par aneter vector denoting the (xy) position and tim ng

offset (s). The vector function, g(.) maps the
Instedaaftadrpbp@se‘deatﬂbulh& thheffsﬂv&efolm\xisons d are comon

errors (conmmon ‘ggth t he hom ng device and

t g’e/E(fT @H'F f’@(’tTWé"Trféf tc¥ifponent s  associ ated with (4)

the target that are not in-common with the hom ng

device. Note that for 20 certain |ocation nethods, it
wheravais sonic sniable cm@smfynd:tmm Addinglehit awrwcpamaMMron(mo@ errors are

| t
ctimifd SR E) P TS B REF EURERB Y Rey e Ha cflaping
appro'a’c:h WheEMRL Wheh fo b RALAINREBFse Y@kioh cal bé Rknfiged. g

device, 7l H are the noise conponents associated with
the hom ng device that are not in-comon with the

If the Qﬁ ogtaﬁ‘:é sn[ﬁ)glrl] 3;(%6 t h %g% fugl%g sta@ggr\é’e@ertegt%l %ggilx %}?%qﬁ\” ce

common way to estinmate the offset is as follows dx = ¢

1 (oybT.) - g 1y f bH,a)éb:Q% 1(g(xT.)+d+72T)-g

1(g(XH) +d+7nH) (3) 25 05/ 009020 PCT/ AU2004/ 000983 )

However, this does not elin nate the common node

errors, and al so does not provide gradual convergence
whereod{’ deletes arsgeil.chandensttizachservatioss, pndj osthd Jia@boal matkiatgiven by

the offset as foll ows:

[J]j = OyityeeXN) (©)
5’0’

The general solution to this equation can be written as

8% ~I* (GG, (N

where (-)T denotes the Moore-Penrose Inverse. In the case where equation 5 is

overdetermined, equation 7 represents the least squares solution.

These equations hold even if d¢ is not small, because observation equations are linear

in €.

It should be noted that a smaller number of observations are necessary to solve
equation 7, than equation 4. For example, if only timing measurements are available,

and the BTS’s are not synchronised, then, as noted in US Patent No. 6,529,165 B1,
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Ox'" =h((T - CH = h(g(xT)+17T-g(YH) + 1ZH) (4) where

h is sone suitable inverse function. Using this
wappsoemk) the conmon node errors are el i m naP@mDAU2004/000983

There is no general solution to finding the function

1,, however the follow ng 10 approach is useful when

no such general inverse function can be identified. 15

20 If the Jx, by are small, then we have, using

d di f f | hat
o NN O R A
termih3EO R 1k ¥hid 'cé{fé"%l*@‘e aEe]J»ﬂl _thed @ﬁ]%ﬁ‘é\'krn%am&@s (6x, &y,

genera tion to I s equat on can witten as

60, s& By ﬁm)re@ m—gdhhﬁd'n BTFs a}?éretmﬁﬂ t0.solvedgraimtionss (except in
n

Moore- Penrose | nver se. case where equation 5 is
certaipvgaodeeteical eradigurgtiani srhasradbihedEHfisdaing cpdinenr).

squares solution. (7) These equations hold even if 5s

is not small, because observation equations are |inear

In orcﬁ%cto e%r(?i ddte %aﬁy‘hgm 9e1t 1?5&&5%%%0%&1% | (%erﬂé{%i rth@Location of

erva l'ons are netessar I've uat1 on

the h6RRS HePich. They dGeandt avel tt» Me»ftltumrjgadmmra@rm R Sny
are available, and the BTS s ‘are not "synchroni sed,

practtdabmsteaﬁ:ea,cthedaaoblaisnmrlans re!btlveﬂyﬁﬁwmwm sipgll y@ors in the
2005/ 009020, PCJ/ AU2004/ 000983 observati.o IV
estimaBnRR TR R ISHS 106 ORe A PRI pﬁe&éetdp@quaélpn 7 can be

succet et Bec il N Dae SR RE Loy e bl o BT eRE 0 1 °

three i n-common BTSs are required to solve the
equation 5 (except in certain geonetrical
configuration, such as all the BTSs being co-linear).

An example of an algorithm that develops a search route in a particular region, with
the aim of finding the target is now described. The aim of the algorithm is to
generate a route that has the minimum expected time to find the target. The
following is a heuristic algorithm that should approach this objective.
¢ Based on the observations, generate a probability density function (p.d.f.) for
the location of the target. There are a number of ways this can be done:

- One approach would be to calculate the covariance matrix for the
measurements [J'V-1J]1 where V is the covariance matrix of the
observations. If the errors are Gaussian, then the standard equation
for the multi-dimensional Gaussian p.d.f. can be used. In this case
the contours of constant probability will be ellipses.

- The covariance matrix approach assumes that the errors are
Gaussian distributed. An alternative approach, that does not make
this assumption is to use bootstrapping resampliné in order to
generate an estimate of the p.d.f.. Bootstrapping is a standard

approach used in the prior art.
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5 1n order to evaluate equation 7, it is necessary to
have an estinmate of the |ocation of the hom ng

walews0a0200hi s does not have to be particul arl yreraue@ie00983

as in many practical instances, the Jacobian matrix
Is relatively insensitive to small errors in the
estimate of the hom ng device's |location. The estimate
of offset in equation 7 can be 10 successively refined

AR DG Aot RSP A e DR s BB ey pato @ street

D IRPRIL Rl B, T oI P Pl O i and
t @dbes GeIR R Stréets @BirRsphiadingasd dges,Mird mémqﬁéf@@@idh@ will be
time to find the target. The followng is a heuristic
alvgoticash ol lkath stigelidtegppteche lestimase obp ekl bver theemhacent

on the observations, genera

robabi l i Sit
f FRBIONIA O(rseatq assigryp Pre lech% ﬁ%aﬁ V%*“‘Fh%ﬁé&ﬁ ¥reglon can

T TR B S DR PSR 0 0 o
f Qred.Meor %@;M"eqm@qioh IiHadlp M‘H@Frééd&hhhﬁfere 1000 metres

covari ance rix of ervatlons the errors
aflengausisvarg 50 hestreslpast, ahm:i“aﬁda mm@'atlon reglon fbh each edge
mul t1-di mensi onal Gaussian p.d.f. can be_ used
c 4sfzeet) would ke uiestaorle dhsehres widspeantred gnifhe ﬁtrﬁ%t, and 1000
ellug %3. The covariance matri x approach assunes t hat
$9'6P'¢ are Gaussian distributed. An alternative
approach, that does not nmake this assunption is to
use bootstrapping resanpling in order to generate an
eSlHefoblezh Hab@opv Hedn refBrdt tetfiredipagroge alosiganstarad vertices
approach used in the prior art. 27 WO 2005/009020
PandAdzes awiiboosebability askigngd do eachadgeedhe asniiytaifind the

th b I d t t
R e R RYSTR AU 0L Bl IR Pl

éar}ﬂgfe'ﬁlx ?&%@Qﬁﬁnqg O&iFed Y4 éﬂalﬁlgﬁgm f'l@g‘[e&lsc‘cqrgrrﬁﬁﬂ PRBAY For a

ges, e intersections
small number of roads, the problem can be solved using simple enumeration,

for larger number of roads, more efficient methods are needed.

An example of an approach that is more efficient than enumeration is as follows:

If the searcher is outside of the search area, move to the closest street in the
search area.

Move to the closest intersection.

At the intersection choose the street which has the highest probability.
Continue down that street until the next intersection. If the target is not
located, assign a zero probability to the section of street that has just‘ been
searched, as the target is clearly not in that street. Continue in this way until

the person has been found.

In certain street networks, it is possible that the searcher will reach an

intersection with all zero probabilities (because all streets from that
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vertices. For each edge, integrate the estinmate of

p.d.f. over the adjacent 5 region in order to assign a
w@e@samokety to that vertice. The adjacent regPOIAT2004/000983

be defiled in a nunber of ways but would consist of a

sinmple portion of the area. For exanple if the region

only had parallel roads that were 1000 netres |ong,

and were 50 netres apart, then the integration regi on

wRtier e ian e olrReiis Bebp seitchedls MobS Caag TnbrPoe TR firest
T BecBr @k B2 A a5a000 DRBHAIRL DA Ao cfiddls bl L1 ©

a set o vertl edges w th pro pabi ity
assi gned to each edge. The aimis to find the search
path that mnimses the expected di stance taken to
o f Qfcbotinge, this gégorithim svill Sepniviteas $@mad tie seardher das fednd the
to anal ysis by nethods of graph theory. For a snall
nia#get- of roads, the probl em can be sol ved using
simpl e enuneration, for l|arger nunber of roads, nore
efficient nethods are needed. An exanple of an
This %g?fﬂ%%ﬂhﬁévé S réRiicel fqvhb@ﬂ fakc hate, g8 Hﬂ@&@yltaﬁl ithe Host
I f the séarcher is outside of the search
probablestreaiiyehbeert. He willed@sbe sthi@etivienetdry naseasrolprabahility street
Move to the closest intersection. At the intersection
will betssardhetlhe street which has the highest probability.
Conti nue down that street until the next intersection.
If the target is not 25 |located, assign a zero
This G AR o AP eRSEEAToPin S Sin ke oAb orom is n

trackilg @@lde. @mielmlﬂfackihg hicgleneye pmﬁabihtytd‘]ﬁr}hﬂtmmahdﬁe
been found. |In certain street networks
recalqpydatsidp taking intotageowriiherrsided; information. aﬁlerathe person doing the

jntersection.with all 0 bilities au al |
trackisE e ST B FHORAR MBmA BOVEPROREES BTN BOoA obbau!
mfon‘nﬁh%hsem ion have al ready been searched). In this

nove to the nearest street that has a non-zero

pr obabl lity, and continue as before. O course, this

algorithmwi Il term nate as soon as the searcher has
An exfasople afitbis approach, is shown in Figure 8, in which the concentric ellipses
(401 to 404) represent contours of constant probability. The inner most ellipse 401
represents the highest probability contour, the next largest ellipse 402 represents a
lower probability, and so on to the outermost ellipse 404. The straight lines represent
roads. Suppose the homing device 20 is starting the search at point A. It can be seen
that the target 10 is most likely to be on the arm connecting the points (A,C). The
next most likely arm is (A,B,C), and the least likely arm is (A,D,C). In this case, by
simple enumeration it can be seen that there are six possible search routes
(A/B/C/A!D/C)! (A/B/C/D/A/C)/ (A,C,B,A,D,C), (A/CIBIDIAIC)/ (A,D,C,A,B,C),
(A,D,C,B,A,C). It can be seen that the path that has the shortest expected search time
is (A,C,B,A,D,C), because this first traverses the most probable arm, then the next

most probable, and finally the least probable.
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5 target. This algorithmw ||l have a relatively short
search tinme, as at every turn, the nost probable

W@ 00s®bo0e®& chosen. It will al so be exhausti ve, PEVADR004/000983
non-zero probability street w Il be searched. 10 This
al gorithmcan be sinply nodified for the case where
the hom ng systemis in tracking node. Once in
tracklng nnde the probability distribution can be
recal,cul ng t5to acc unt t he

e

ded )
Apply RS gh L B S lie 366 Sehueh siprtg g point A.
The a%: ¥t %ﬁhttﬂg Ef@&@s@t § whif Bgthe bHcF]h’bﬁ’{éc@iBnt(tAe,C).

t|ona 15 in xanp e of

Accoﬁlm Ehatte sdascltr @/vusuldrbd?xmgtmete& tol ovbiatdnd fhes street until
concentrlc ellipses (401 to 404) represent contours
mter@ttlonﬁ“stsaﬁacltﬁcb bébthls py'mﬂth@ megigrohplle adternatiee isghe arm

(o8 A5 RsaRE e LSS P RERRR o PRI e
mterﬁ%gaoﬁ% %nre'iaghéc? S\ %g?@ﬁgth@lrhbﬁﬁﬁgﬁﬁé e, sm%t Rt Aa )t so that

I NeS represen roa ose dev ée

will Bestrﬁé%'éécﬂ g:%) ddi‘ﬁpl%ﬁﬂg(afbeaiﬂct{)@ﬂ e tﬁholetaréé,n"['h@ s6&€R trajectory was
that the target 10 s nost likely to be on the arm

(A,C BohizC)i whidhhey gisiplesntmeation hethemmute brgtminikétes them
is (A B C, and the least likely armis (A D C. In

ekpeqtﬁﬁi§e%r§]§‘ém%y sinpl e enuneration it can be seen that
there are six possible search routes 25 (A B, C A D O,
(AAB,CDAC, (ACBADO, (ACBAADQO,

This é)érn%lg flaPalso be lifdklddEnbnéitatelHove @ Bgosiitm dpiilestine

pat h" that” has the shortest expected search tinme is
tracking. CAgaifs, dds@ne that thesweatdli stafts raspointa%emubs ridten mesking mode.

robabl e arm_then the pext pr obabl e, and
Accorctlngbf yhe ﬁ%arr:b eyl 1BEBY aﬂt @g‘g vﬁ%emgt% as the searcher

appr?eﬁ-{tgAgi glﬁ%/ sﬁ%ﬁ@%gé {%{é}gglégg rﬁS&% glaﬂz%ﬂtgg] tnte%/ p.d.f. for
the tal:b@t @EEQC( 8h u%&ﬁﬁtt]bnvgdtﬂeﬂeﬁefr&h&hé%rﬁhemléé IStpdse this

he one connection (A C. Accordi ngf’y t he searcher
mformmlod resulitsiat & highed probatuiliey fdrdAgDiA) & ns thlzarethet(ﬁl,B JA) arm.
intersection Cis _reached. At this p0| nt the

mos
Accomlagab [tae aqeatréhﬁrawalt/@qvSe alerg hedG &) By Atstéeteﬁé of this arm,
the sedaﬁ rﬁ(z:rheﬂ]amen R sb R (A %t@fjartrr?, S%Dcvo%xpie%n% Al BhakMve search.

Display Intercept Route Generally, for public safety reasons, it is best not to
intercept a rapidly moving target. In this case it is best to follow the target device 10
at a distance and wait until the target device has ceased movement. Once this has

héppened the method continues with step calculate p.d.f..

If both the target device and the homing device are moving, then the observations
can be filtered to reduce spatially uncorrelated errors such as those due to fast fading
using a method that accounts for the movement of the devices. Such filters are well
known to those skilled in the art. An example is the Kalman filter. If the network is
synchronised or the offsets between the various BTSs are known, then the filtered

timing observations can be used to calculate the positions of both the target device
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intersection Ais reached. At this point the nost
probable street is (A D, C, so that wll be

wo caser®ed, so conpleting a search of the whol BCEHAB2004/000983
The search trajectory was (A C B, A D C, which by
sinple enuneration is the route that m nimzes the
expected search tine. 10 This exanple may al so, be
used to dem)nst rate how the algorithmapplies in

and th ¢ kil n% hﬁ}ersrgfgsﬁe tfglg%:l%rgag %tl%ﬁgﬁ{: htaﬁetﬁg%’{}gnsta%aﬁé {]ged ina
calcuﬁﬁﬁﬁ'\% Mthin 1'6‘90’& RLRRY Cy(eétigatesl\@ﬁ’\fhémf%ﬂsh(%th@% € device

searcher approaches the system nges to tracking

and thedendng desliceul ates a new p.d.f. for 15 the target,
based on informati on gathered fromthe hom ng device.
Suppose this information results in a higher
nt

. t C D h .C. B, A . ,
e R Pl Al e R s kS 1l o
step e R PO QLR T K GBI, AL e bdRons ot
homifigdefive H0arld Hidl RYgétiBiGeTl clRpiges siralse aipdated @ be applied to

public safety reasons it is best not to "intercept a

the drs@fmdofyﬂmcmgtmearc’ge’t route, Eh$ane aeuinstansepdis step will result in
foIIo the t vice 1 i stance and wai t
the homing ng@&a‘gﬁ ?éaergﬁsgo E%'[é%%& QRIS SFAURHAEE: thi s

has happened the mst hod continues with step calcul ate
p.d.f.. 25 If both the target device and the hom ng

A thlﬁ&aép‘&t B EhdRieRtion] WAICH hfilabeEgi¥ak kfnSecogdrhspect, takes
| ttered to reduce spatl ally uncCorrelated errors such

advaa’@gemﬁme thot that thastsef aliihedromiigndevdceratilbd mowing for a
accounts for &E rmverren of 'the, devices. Sugh i I% r,f,
signifgant i PoreR A ey R 0B & RPTYRR i a1 e tizget dgice. While the

..
wser SRRV PP, Eubl gl b I AU hagnr
measAFEnERRWE thé BRMal Bﬁrﬂ:hkés&hﬁﬂa@%dr?fﬁi%rﬂm&%ﬂié @NSrocesses
can be used td calculate the positions of both the
such hafaggefadiagi By c&@nbi@n@ﬂ@sémagmmdm@mth@@%gam filter,
the hom ng device. O herwi se th gnal strength
the hgpdRg (aYIcsPan aAVERSRASELY] wm&rr aiegATERTS o the SgBekphervations

and atcgi/e\g‘rgtrﬁégg’u?rcac@ atgng 1RE %hos %a@&%‘rﬁérﬁgslﬂkeih%gnmg device has

an mﬂ%&@ Ridrh %Byfé’@lﬁr}b &t i%%ldéh'l'b?é RfavaagdBscédtifstes while
the Displ ay

the homing device is moving. If the homing device moves over a wide area and

therefore a wide range of slow fading conditions the accuracy of the averaged

estimates will improve.

The context is where both the homing device 20 and the target 10 are capable of
making signal observations. Since the homing device 20 will be moving in order to
converge on the location of the target, it will have the opportunity to filter or average
the observations it is making in order to decrease the effects on the convergence
caused by the random variations in the observations that occur in the mobile radio

environment.
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step. The route can then be displayed on the map

di splay 24. As the positions of the hom ng device 20
wa@ap@sbm2d ar get devi ce 10 change, suitabl e updetBAUL@000983

be applied to the display of the reconmended route.

In sonme circunstances this step will result in the

hom ng device 20 finding the target 10 before it

becones stationary 10 A third aspect of the

The %gégfgtgé ﬁgtﬂa‘ﬂﬁg ggngoeusltq%%e £ ) O\éteehéa\ctg?q gg (éE g} a@}?}%{%&lon of this idea
bt A e T P il b g

1mp1é§ggh@¢10n\j\hl e the user is noving the homing device is
therefore able to gather independent 15 neasurenents
of the signal attri butes that are varying randomy due

. to p ocesses as f t fadi ng. By conbining these
It is P?Pfﬂ ‘EH%E}ESHI ’fwg@aﬁ Y @S&&I man filter, the

hgﬂ Eg V\c/ilet‘é/thg s a&ge?g%?&ssﬂ@ts r%'lal Yeh 65\0/8{ Eﬁltﬁé@ d errors

servations € noreaccurate
rebpti Vv@hé’cﬁét Mo MBas HEelB 20 has bh mH@?MIﬂGnQﬁW ¢féneasuring
has an i ndependent positioning capability, it is
possi blits pasithwrer age the estimates while 20 the homi ng
device is noving. If the hom ng device noves over a
wi de area and therefore a wi de range of slow fading

Aqsu&fqn rstt #bap%t?télqlenﬁ%i& %{iéé Xﬁd tgrg\%ﬁ gl\{eemggflgrl?g éfgﬁln?gt%éngth only
and 88V tl%@rgg%‘ge%t!@ 2b @Q\Q@hot?—@oé’sre@s W%?&Heﬁ@ Hﬁ\ﬁblﬂlﬁ'tg means.

Sl gna vations. Since the hom ng devi ce

' The ebgomir\mmbemg weddo dicect tomkiemieg davich@0ltovatdethefargédtere

target, it will have the opportunity to filter or
operating apshe f@?@l‘@ﬁls%g%tltlﬁ‘tﬁﬂ@ wing somernAgel(s foF g attenuation

se the on the c L ed b
suttefe hE Bs o nEe fhediut SEuEPRHTF IRARE B RE Ry e
mod%@ 18endRkE ls@vérﬁ%%&’ran?ét&sr ﬁ@]tﬁﬁﬁ t1R0s R dal ﬁQ@@o@Q ent which
CT/ AU2004/ 000983 The f ol g par agraphs give sone
varieg depertlihgaxathd estuoé of the emptomadamto Anahe thsendeddanymther
shoul d not be interpreted as a conprehensive |ist of
mforfrmlop@ thy miitgal \{W@@ﬁ\@éﬁ paypgneters would be set to some typical value,

representing for instance the vicinity around the strongest cell. As successive,
observations are made, the signal levels will vary randomly due to shadow (large
scale) and fast (small scale) fading. The statistics of these two sources of variation are
also modelled in the propagation models used in the homing algorithm. As the
homing device 20 moves, the signal level observations it makes will vary randomly
due to these two effects as well as more deterministically due to the change in range
between the BTS and homing device 20. By observing the degree of variation, the
homing device 20 can adjust the values of the corresponding parameters for random
variation, in its models. In addition as it moves closer to the target (known for
instance by an increase in the number of cells heard in common), the homing device
20 estimated model parameters can also be applied to the model for reception by the
target since the closer they are, the greater the likelihood of similar propagation

conditions. This similarity may arise for instance if both homing and target devices
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51t is useful to distinguish between a few cases: (1)
whet her the observations are signal |evels or timngs

w@ 2)osinbmbher t he hom ng device 20 has an i ndepeaan004/000983
means of neasuring its position 10 Assune first that
hom ng device 20 and target are neasuring signal
strength only and that the hom ng device 20 does not
possess any i ndependent positioning neans. The

are i SRAFR FHhe v QEtead B EEY ho BFPUATN PeRERyRg dctice o the

' v, i : th | '
et S, SRLIRBATROTRAL ) AR A0 i
from thierdZEl BUB Meanas ithesdedh shodel that fed %ﬁﬁ)&%@ﬁ@h@haracteristics

0

paraneters including the so-called pat SS exponent
are duhiichted\tyr thewrikepena ofjtherstreets inatherdciofityt Hgmilarly the large

e FP P TEDh SBEE1E8 2l S S TR R e
cos R SR Fes PRI SRR PTG LIRRACE bl o

estim@ﬁﬁgrtH@%la@ﬁﬁE;ﬂbﬁtH@i@ﬁdohhﬁal%jnﬁlét@fs, kIR gl rithins a¥R ¥im to detect
randomy due to shadow (large 20 scal e) and fast

the ufdedyingsoadas) sigmdl leyel Mnectsteftactt thepasitidried seforamtion. By
. sources of variation are also podelled in the
filteringdps ghee it tiops aTile@eyngov el FHoae Atraalitgs Posthie tagreduce the

the homi ng deyice 2 e t he,signal | evsl
rand g S B e ciaeen SPTT e Ehdfies 86 o these

two effects as well as nore determnistically due to

the change in range between the BTS and honmi ng device
Now 28swiBy thitsthe \Homginghdevde? (@ afuipped atittoar indepedblent positioning

. hom ng device 20 can adjust the values of the ) )

facilityor Fessarantigigophednedelrarpgieterssapmow ke ideneanorg intelligently

nodel s. In.addi.iti.on as it moves closer .to the target.
becafRbipassPIE FhuilBully lar PR, fedRh R st Gitons ona
smallcRhleS 44 U dink N aRQTHBY on tﬂhelatlgép R41edaHif5& by?bhalysin

esti mat ed nodel paraneters can al so be appl’i ed Yo tghe
obseratiehs hothe komjrig deviay 20 hpproathgset sirticelat kell,thedeiming device

they are, the greater the |ikelihood of simlar

20 cap copwyde parlativebotght meds! forrthe varigtipain signahleval veesus range
for..i ance i.f both hom n nd, t ar.get i ces, 32

to thes3oly BoB636 aEH AROBNBBBTEE ot T LI RT i i to have

a mof«{:l%cﬁ'lgf"fé}mrgﬂ g?&ﬁ&%ﬂﬁ)ﬂ“ﬁ%d@[ ughtsit Bsr lﬁﬂﬁi&% e %g‘éqbemeen
the ame street” as the target. In such environnents,

the tdrfetraid theudaindonrcedli goflusher ingprateidgnt that can be achieved using

the independent position information is that the filtering of the observations can be

done more effectively. For instance, using a Kalman Filter, the actual motion of the

homing device 20 can be supplied to the filter, enabling it to more effectively isolate

the random variations that are not position related.

Now assume that the homing device 20 is measuring signal timings rather than (or in
addition to) signal levels. In this case the timings will also be randomly perturbed by
multipath as well as non-line of sight. Assuming the simpler homing device 20
configuration, without independent positioning means, the homing device 20 would

be able as it moves to observe the degree of variation in the timings (by comparison
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frommcrocell BTS antennas it has been shown that the
propagati on characteristics are dom nated by the
w@eiosoo@mo on of the streets in the vicinity. Spai/Aaedoy/000983
the large 5 scale fading which arises for instance due
to large buildings has been shown to be <correlated in
sone circunstances at distances greater than 100m In
addition to estimating the statistics of the random
araneters, the.algorithns.al.so ajmto detect..the.
betw BB Oh s LRGN BT LOLr R NE Hepte Wanulf in the
vicinfvi\g%l;nﬁ' t‘i’t@?éfof@ér?iﬂf@‘&ﬂcf&brr@bonfd'hllé RIrGin R o leBBStions to
ile noving over a large area, it is possible to
be tuheduppropratkly.r aApshdth ves dighhlosnterigfth eheaptesthent) thofdet that the
the small and | arger scal es. Now assune that the
homingrdaviceVisdikedp to mayguiviep @dvider kremenatdeptheddming observations
positioning facility. The adaptiopn, of .the nodel
to be BNPHIRECERS A 2GACT Sl SISAS I RE AT EPpd %ﬁwﬁ spadkisale
multipath %8‘?&%&9' Ealk %l'lij(')gteh%gg Lall bfeoreaﬂ gxtent between the
Panaom varations on-a Smalls ‘Scafe (fast fading)
and those on the larger scale. In fact by anal ysing
observations as the hom ng device 20 approaches a
Movipgrtbithecase whkte theHeorhing deyidel0 elso 126 acaindepapderg Eositioning
relatively tight nodel for, the variation in, signal.
meansethe hepjiig deyign de cap gophdistinguish hetwegp thgingeyariafions that

occu TR FRSLAR AL BB I SEL! PSR o By sl

(mor&M¥ely @SariseRAf & NPOI)r adivwhd ik dke Wi fghaEeheldfodel
t he tyarget and the common cell. A further inprovenent

adaptibat theattodee the homirg desiced0 hbees tudidyedarz {apdetetmonred from
information is that the fil teri‘qr;% of, the observati ons
the cemmareobspsNationy cthermere thedraranegersiindhe madel oy the target can

atso bRl i Bl TR PR el B P02 K e

signa?Hr@ﬁ%ﬂhY&{s& ﬂh%%lkﬂahgt()jili‘rg ®f [RiRmIvAl baditional HmAish, enables

not position related. 25 Now assune that the hom ng
the fittew icmo26 effectiedy vepagtstignadridtionisigsimatghetisihg) éron the motion
in addition to) signal levels. In this case t

: e the
of the hewniag derice 281386l these arigieg spndemlyidis myltipath apg AFROS
S I1.as non-1ine of siaht. suning .t he sinpler
theref}f AoV n Qs oty SRt T hB T g pondent
positioni ng neans, the hom ng device 20 would 30 be
able as it noves to observe the degree of variation in
An alté@ativeiengsodiment oviiatdve bs desciifie 2 G0MIOERMoming device, 20, is
PCT/ AU2004/ 000983 , ' ,
modified to provide the capability for direct reception of signals transmitted by the
transmitter, 11 in the target device 10. The main elements of the modified homing
device are shown in Figure 9. These include transmitter 21, receiver 22, processor 23,
map display 24, compass 25 and MMI 26, all the components of the standard homing
device (Figure 5). In addition an uplink receiver, 27, is provided, having the
capability to receive signals originating from the target device transmitter, 11. The
modified homing device 20 also includes a directional antenna 28. In this alternative
embodiment, the target device 10 is able to send to the homing device 20, via the

mobile network, 1, information pertaining to its own transmission including the

radio channel parameters. In this manner the uplink receiver, 27 is able to directly
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between cells for instance). This would indicate the

degree of nmultipath in the vicinity and therefore
wep@bloaothe corresponding terns in the al gori tkei/avu2004/000983

equations to be tuned appropriately. As with the

signal strength nmeasurenent, the fact that the hom ng

device 20 is likely to nove over a w der area enables

the timng observati ons 5 to be averaged on a w der

obtafi b T the SieAR e g RSy it o iRld. 1PSifid be

- noted ‘ﬁ%{ gthé\ﬁﬁﬂ'pﬂ%eé Bf g@&rﬁﬁﬁ@ iR %‘It%rﬂﬂﬁfé“&ﬂb@ﬂl &Yt' PﬁS %qumed

al so as a ependent poSitioning means,
that Bethic @ d20 neanorlo\thé uplihkguidsdowaling éreduefity Bands are d1qt1nct
variations that 10 occur on the small 'scal e@ﬁgue to
necessitlatingat sepazate uisdebarishreceivens ClearlyHer narwerkssehgre this was

nore |.ikel o arise due to NL was t.he _case .
not the phsey i 6P é‘ﬁ%l TefRAAN FRRAGIL Yé@gg% Ps @rovédcbsb%ewéng
By device 20 noves to the target (as determ ned
recm?%c?r% t he common observations), the nore the
paranmeters in the nodel for the target can also be
tuned using the know edge gat hered by the hom ng
The methiarkothis dlsermiatiive ehedtimreing rshastn éngiguredelt intledes the first

- availahility o{ i ndependent_. positional infarmtion
four, @ﬁ‘é‘bﬂhééas’ftsﬁpd? of thegprev ipussnabedimenti(Goynde Figwied )t ewever it

replof SR CARTAE PR Plebb b R el J8 Rl steps

with 'i‘ﬂéw ét@?‘f» rCﬁE‘LQlaN_L aI Q@é NI Exh A Dife RRNEFIAG Y. B General
esti the a ing. 20 An alternative"

termgrthe dmeﬂand fmlld)‘Ws mhavsé[me @eemdth‘e dsidesatibehirt Rigulhe Fidiffering only
devi ce, npdi fied to prOV|de t he caP ability faor
in thepaydn W]@@bﬁhﬁ <§¥ﬁcl$fn%$tgﬁﬁil%m‘t‘1? lgmeanited da naytiewlar, intead of using
the target. devi ce

the pEp AR bieffic phdertibal PRst A i S et i Biakimity metric
using” f]rga‘ﬁcf‘dlﬁongp&&&t'rﬁ@ésldﬁi@mtehmgtﬁf e@@levfc%%%ln‘éﬁhq%gns in

‘processor 23, map display 24, conpass 25
add11ad>ﬂ1 té Hee ctbep oneomsnad observatiansd AWHeh dlne pgoc:ésscdem (lﬁ the
In additjion an uplink receiver,

ure 5 'S
hom \@%3 ﬂa@dﬁ@thaﬂi éhe gangedolthe jaugst fewiseVd is ﬁlgfrﬁwe@tly small

for a BT A 0 LAY 98 9L 80 LRI L ik then

emplgkrbﬂ?é HRB&korR1 bR a2 td ShthiH a?‘dﬁJeEter'h@%ﬁr%ﬁ\ent of the bearmg to

odinent, the target device 10 is able to send t
the tdrget Immdiﬁmg:&e\ﬁee pYoces$drel3 dimdsi et usetthe ﬂh(recflonal antenna
information pertaining to its own transnission
untiliiffaas aistigng kedigatiomef 81\% rasight, Qihemrise éris likely torgiye an

incorm@n mdlcagonl{_lgtﬂenhsgrecel ver, 27 is able to directly 34

In particular it is considered that a directive antenna, in particular the line of bearing
(LOB) measurements from it, are not generally useful until there is a line of sight
(LOS) path between homing device 20 and target. This is because the signals
received at the homing device 20 are likely to have travelled via some indirect path
and therefore the angle of arrival measurement would indicate an erroneous
direction to the target. However when accompanied by a selection means that

determines when the LOB is likely to be reliable and incorporates it into the homing
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WO 2005/ 009020 PCT/ AU2004/ 000983 5 obtai n observations

of the signals transmtted by the target device 10. It
wa@baslodvobe noted that for the purposes of deseeT/AUDE4/000983

this alternative enbodinent, it is assunmed that in

this radio network, the uplink and downlink frequency

bands are distinct necessitating a separate uplink

band receiver. C early for networks where this was

[ { bi L, t I

proc, o Geid <pyld raetl e aaBR B s S g erd
fouomng ﬁbﬁggé}gﬁ tegger qéregteﬁxb?%kueyie% %&ﬁﬁgﬁi@gst’th@sc{:éé%‘ﬂgﬁa@ign could be
maddir evi ous enbodi nent (shown in Figure 7), however it 10

repl aces the Calculate Proximty Metric and the Common

Mode Differencing st eps with new steps, Calculate
it e A
receig\id 9:%%%[]&}?\? fégl 'Ehg WBisticbf fis L Ga (?111 )C/}ovx}e@el' agpg‘.@é{' ohwhether

stage 1s 1 nplene

thereR3kllireWfaight H&W@@ﬂ tied tﬂéﬁblﬁ@tteﬁeﬁﬁi Pdcexiel] Tf/theed fs) the envelope
descri bed preV|oust, it conputes a different

variagionxenis jowmtdsiacRitirudistriputhen adwireasonghe @bsante of such a path
the PR IIGENES Fishdo Bk elgﬁet iRt eGURIa dRsrelprb e heming
dev1c§%rﬁcc%%ﬁ8 o gr%/’e thQ S gt gfgrﬂ %nﬂi%ﬂ? %sg %?Em X Sﬁhter}l%tmmg

He Tange o the evi ce

procés88lthen fHfre & dliffibieRt EPRIRhLE Fvn@thd eMeelope AL otf@ lrfteof sight

target 10, the honming device 20 then enploys the
path.dFoea wldeladmchayaeama f®8e>¢ampibtthe UM T TR tradmemeesamettvork,

furtngy 9%12@@85 Chaeradohiy s 1Rk 20ea b ran i he Shisghed from the
outp%’{1 Pl ‘\:}\(/'i)rr% a?cfr \Mrkgeﬁl c?eq}a%%%f?l% oqfthe Hgnﬁgl H Mibionat

Ve an orrect

mforhﬁ@ﬂo‘ﬁ% 'aQQﬂé‘tSlem ehd!&Gent thit @férﬂdrﬁﬁ'lgade\h&e DG heoBSIe %@Qvledg;e
at a directive antenna, in particular the Iine of

of thebpamen @v&ﬁkéb@)bmmﬂmbgs thier pmgett Measrirgg the average
generall use until there is a line of sight (LOS)
receiyed fighat [eygha whﬂgmee dcoy) mcem%mg TRAt 110§q prediction

ecaus rec d devi ce 20
woulf i hli & B ppi Ot i Pk IR T PR ot

and therefore the angle of arrival nmeasurenent woul d
indicate an erroneous direction to the target.
In théloavevehershtin hacciogpdaiedisaplatcseleestiedhe hipae of atrital of the

direct signal from the target, then a further enhancement to this aspect is possible.
The enhancement assumes that both the homing device and the target device is able
to measure the round trip time to the same BTS. If the timing advance of the target is
communicated to the homing device by a standard communications means (e.g.
SMS), then it is possible to work out the range from the homing device to the target,
the homing device to the common BTS, and the range of the target device to the
common BTS. This provides the three sides of a triangle, or sufficient information to
make a radial-radial location measurement. This measurement does not provide an
absolute position fix, but does provide the relative location of the mobile. This

relative location measurement will increase in accuracy as the homing device moves

36



10

15

20

30

30 determnes when the LOBis likely to be reliable

and incorporates it into the homng 35 WO 2005/ 009020
wWEONsALDOO4/ 000983 process, this facility coul BCEAERIE000983

nore rapid convergence on the target. The follow ng

par agr aph descri bes sone of the ways in which the

determ nation could be made. 5 It is well known that

mul ti path propagati on results in randomvariations in

ecej v envel The tati.st S
close, B ther Rt O RE T CHE JETITOS CAUHER Rt i e btaigaghioh g he
dlrec@én%gllﬁttg Qﬁf]\f‘@l%nco GichiAMReldtRe eﬁ‘i‘g@e{ R 4 et (iuttd also the

e envel ope variation tends towa
rangdyl GhaRdét tdtusehlils elatiMeedrgds | mf@rﬁlhaoﬁbﬁﬁl’ld@rabﬂbm o be
path the multipath gives rise to a Rayleigh envel ope
providiedtwithani Qrtenta’th@n dboexample by Aicogpess ge by sk dwulggr to
gﬁfrve t fadin pattergi and only use the LOB in the
align faerhAging 8L§§§V ErPARER@TSECEhLf f i ci ent evi dence from
the envel ope fading of a line of sight path. For a
w deband system for exanple the UMIS TDD radi o access
This il?ér\hﬁﬁjée erfHddiR@ht QMil¢RAE Be dlesdriteeBirainbadtibtailbpfurther
line of sight path could be obtained fromthe out put
descrifing thetwelratostepshowi ng the delay profile of the
channel. Additional 15 information is available in the
event that the horri ng devi ce 20 has sonme know edge of

Slonﬁlg@&g{l Vﬁ’\%ljg r\{g | ﬁ(}%ﬁ%@}é\g gee tﬁ 2%\219 I{Ieég g‘ep 3?7;{%%&8 th tune to

the réiio CREnRATh rﬂ&e% Vt'h@%al\%%t dedicearmishiingr, allp"fﬂlb h'o@rﬁﬁﬁ device
predi ction wou provi de further indi ‘cation on t

uplinkirkedivtiwoZitcaf use in@Bnpatdil kid®whnn thepcias ertioeneadure the received
hom ng devjce is abIetE neasure the ti of a”l}\;%
signabstremgih afic Biee ofiaghapl A+ Bia haneingadeaee 2¢ Rancurrent fiepmation

anc nt to.this b
on thE HEREE Fane i iheS B of I REStier Hfmmiseeg i the
homﬂxb‘?iet\f?cregﬁ cal€¥dtemirke @l &egﬁé@oﬂﬁ;@éﬂieﬁldﬂlﬁ the Han the target
to the sane BTS. the tim ng advance of the
10 to ﬂa&‘ gahsmitterc d'ﬂmnnumagacbwml:ﬂld‘]emlpmﬁai gnodelj teabestimate the
standard comuni cati ons nmeans_(e.g. 25 SM5), then it
rangeq & t@@ééﬁ%ﬂt d0¢15 thp hrring d@ﬁlecer-é?ﬁ’@é FNGANS ﬁferrwaﬁ%@er the range to

d h he ho h
e S ek e e AR S RS
o S R SER AAe W s 18 Sige s ums
meashiegathigntheaasichenmnize rﬂ'éamml\aaatlm]ﬂrbn tpreffeesedniat the range

provi de an
inferred from signal strength. However, using methods well known in the art, it

could be possible to combine the two estimates into a single estimate of range.

In either case (signal strength or time of arrival), the homing device 20 can then use
the calculated range as a metric for detefmining whether the target device 10 was
nearby. There are a number of ways in which this could be done. One simple way is
to determine whether the range is below some initiation threshold. If so, then the
homing device 20 would be considered to be close to the target device 10. If the
measure used indicates that the homing device is in close proximity to the target

device, the alternative method of Figure 9 goes to the Direction Finding step. If on
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absol ute position fix, but does provide the relative

| ocation of the nobile. This 30 relative |ocation
wore@soo®eent will increase in accuracy as the PONADZ04/000983

devi ce noves 36 WD 2005/ 009020 PCT/ AU2004/ 000983

closer to the target. The relative | ocation can be

used in a simlar fashion to the direction finding

antenna to indicate the relative angle to the target

ol A8 R e o
targe%é\bicgrq\gﬁ 'tﬁ@h?ett%l&T rf)?éredg)férﬂ% ﬁlt@y 0]939%95@81?&@
asking 3

e user n the hom ng device w

particul ar street. This aI ternative enbodi ment wi | I

now be described in nore detail by further describi n?
Diredtivm Fimsling W Is¢repse two P&Sglballl’ﬂ&h@’ﬁgﬁﬁ fiwst isiit oflyea signa

hom ng devi ce' plink_receiver,, S abetoLag
strengid estieate 43R YAl S thg sgeen ys#ﬁera!ﬂa% g baggiculated from the
" gans tter, 11. The hom ng device uplink receiver 27
me i ¥e™ means wel | known in the prior art to neasure

the received signal strength and time of arrival. If

the homi ng device 20 has current information on the
Signal Strargtht@ahs Mhediamingodericé 2 eduldf intihmt¢ tv Jetusteyviean audio,

transmtter 11, the 15 horning device (?[O can determ ne
textupher graghical arowethamhecﬂiﬁwmﬁ peepgrad direpHamendigaode (ie.
trackifigPrEiuin Aanod R e EorabPetE 28 HahERed it the signal
path E)P{}‘%q{Ql’ngT% dévibdre rg&ﬁﬂr&g?_@' exd R ﬁ&ﬁbib %%?h@cfal indication of

neasuri ng the range to the target 10 by us
rangd (agidegi vl dsoresigmt], stltehgth)l it psboidled tooh& Uset. Inkemaangethat has

bet ween the hom ng device and target. If the range_can

been Hesadedneftestbefsrai thenplﬁ@r 15, theddefraptaiestherhning devige with
be prefierred to

the rigjflg @r@aﬁ# SR ndlanten s BRE'S! BipkarteiiohdBake rane
indic¥gdd K89 | R etdifeciblhy ofirhini&Rith FaRée. APRShEIHO A @ntinues in this

conine the two estlrratesmtoasngle estimate of

modéd M@Hheltlrﬁttlb&i faask of she ralgesincangedalorvet a MZsmfchresh()ld
arrlval) the hom ng_devi ce 20 can then use

(whichainéghtdreediffeseridrom thedpitiationsthresholdr Hitqugnmb@ﬁ% the desist

e A AP RN s SO i RSl
targe{ Qe?fé& §h 5 3 &‘H @%%et‘l“letrﬂgthroﬂrkﬁechb 21t AW SOABodiment would

ation t res then the hom ng device

rever2 b weulilderdshseengidiarseeb.t o be close to the target
device 10. If the

Range is available from Time of Arrival In this case, as well as the range, the
homing device 20 can calculate the relative location of the target 10. This information
is then used in a similar fashion as is described in the Common Mode Differencing

step, with the range metric used as the proximity metric.

A further aspect of the invention is.the provision for the user of the homing device 20
to advise the system 30 of the likely mobility of the target device 10. This additional
information would enable particular constraints in the computation of relative

position solutions to be tightened, thereby increasing the accuracy of the
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measure used indicates that the homng device is in
close proximty to the target 30 device, the
wa@bdosoomo ve net hod of Figure 9 goes to the D PEDAUZ004/000983
Finding step. If on 37 WD 2005/ 009020
PCT/ AU2004/ 000983 5 the other hand the netric
i ndi cates. that the hom ng device is not yet close to
the target device, then the method proceeds to the

compiialifh BRE TP RN th R ialcf FLhd Pal PR oM e sRafwle
whers 180008 %nltémtcﬁﬁ g@ﬁ@ﬁ{etesl%/sﬁﬂlq td R%nfeeﬁ\‘)&gn{o"m]ef a

range can calcu ate m time of arrival

subscSilQaﬁ@ InSriean@hitplenthy offieethmigitdbeteekigs tZﬂappmhénd a stolen
indicate to the user, via an audio, textual
vehlcge hpiosaingin empt mobiletinstalled govewdlyhiasthe meémcdet In this case the

targef hicai ﬁ@ﬂ%@ﬂfe{bﬂg FisSinG e pgﬁaé?%?%gh? ot Eoick thg foming
yqteEf{;{o I’RSa %@%mggl%bg aBbut ﬁ?e 1191?]) é GEe ?al[cﬁgﬁo itto

an a e or |ca 1 on

deteﬁhﬂﬁ@ ¢h&©én &ﬁs’baé@:doffth@mb%egmiongt B§ a@ﬁmstl i8 th OMficeedalo
the User. In a manner that has been descri bed often

respdrefing ¢o an enfergpndyocalbhfrom tl‘reewtlsm of avehigke d¢ragh Honding the

devi ce VVI th the rigidly att d| rectional antenna,
systeghtp Boaifhpitaigeh s siRECBATY 60Y IRyB0TS arcitpEgstBRates of
absolglg%sfc' F]eulatéxtfg ﬁo? hggg tahaghg;ef{:@ g}: %%Fegg ta”fggl g%h %9 dme of the

accideht.t he range increases above a desist threshold
ich mght be different fromthe initiation
threshol d). Increasing above the desist threshold
could be an_indication that the haom ng device 20

The mﬁﬁ@f@n gegibeddhargin Proyiges 2 grare cletove rapdibly @aémdmz a

hod. of .t he. al. tern rrbodl nent .. \Wo 20
m0b1£ V‘éﬂE tt?rgupﬁL(l}or{utn& nzﬁjc aatnI S PTIqr agp &é%giﬂ%tg do this becaus?
it cartMf 1iRABRe Hr%m ]}4 e ﬁesé{&ldf%uhﬂaaw Bn £@3Rior@® i¥8ble to find
as the range, om ng device 20 can cal culate the
the targetin ceaes mre naareifartuh’erfeaemt aritl).or Bigrsal iobbouratioharduce the
is then used in a simlar fashion as_ is described in

numbgieofciatpesablvsignats 1 Sedprinh thatsosyeptiongldecation systryas can no
metric used as the proximty nmetric. A further aspect

longelORetate nyention is: the provision for the user of the
hom ng device 20 to advise the system 30 of the
likely nobility of the target device 10. This

Compah@idt toana@dting radio homing systems such as [Dop], the invention is able, in

its simplest form, to operate with mobile cellular telephones without requiring any
hardware modifications, and is able to find such terminals even in challenging

suburban and urban areas.

While the above description contains many specificities these should not be
construed as limitations on the scope of the invention, but rather as an
exemplification of one preferred embodiment thereof. Many other variations are
possible within the scope of the claims. For example:

Whilst the Probability Density Function (p.d.f.) is the most likely form for

representing the error distribution, it will be appreciated that other suitable
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i nformati on woul d enabl e particular constraints in the
conputation of relative 30 position solutions to be

wo c@heged, thereby increasing the accuracy of P¢hrau3®4/000983
WO 2005/ 009020 PCT/ AU2004/ 000983 conput ati on. The
application of this aspect can be understood from an
exanple where a | aw enforcenent officer is using the
systemto hone in on nobile subscribers. In one

e SRR o P A pHEAREE ! 81 2BB DL ome cou
e SR DB o C DM o e el o

momERIsGE thodidigkukign. system to nake any assunpti ons about
the nmobility of the user allowing it to determ ne
that on the basis of the observations. By contrast if

the officer. was responding to an energenc all from
The iFRETLEPHILTe BARIERISAE BT B Ot et R CAe LoispaRiHa as an
treat the tar ' r A :
eppE3] ab O YA o PR PR IR R0 ve st

to mﬂ@%hﬁﬁ@&e@@@re&ﬁ@{t@%@ Fi® Rr B8 Blobil&Bdniak] landl thathonfifig device.
scene of the accident. The invention described herein

Thesenmeabuiesmentsoveuldfther bewsed dyabidrittal siterin theytdmgtessystem in a
. nmobile radio termnal (homng in on it) than the prior .
similggrmanper asthegprefersedgmbpdimgat Huerder o pflopathesqser of the homing
t he tﬁrg(et inlt he presence of multipath. In
-}e e]én’\ .

. fi.nd
devicg §9 79 ¥nto dte to find the target in cases

where near-far interference and/ or signal obscuration
reduce the nunber of detectable signals to the point

The ihvaiti@oovedidlombé imptahémed iy seEnositaming systengesuch as E-OTD
operate. 20 Conpared to existi nlg radi o _hom ng systens.

as angpphicaion pgg|on. {hshis seenh the mabiledpraingl in the Rompng deyice and

form, to.operate w th mobjle.cell ul t el ephones. .
the mgRREER ot Fre i e Rl e e To AR rE e Bming
meas@iRetQ thaEnele Bitd ErHBsP dhasY&Reh R wHAld @aiddrocessed at the
subur ban and urban areas. 25 Wiile the above
centralesgtrinpt sintilaeanbanharasrtha prefeemdf érnbodasenttesdloshthd dser of the
not be construed as |imtations on the scope of the
homingderiqede, mpue t¢ theniermiRalan  exenpl i fication of one
preferred enbodi nent thereof. Many other variations
are possible within the scope of the clains. For

The e?é@t'g%hﬁénce of steps in the preferred and alternative embodiment could be
varied to still bring about the same effect. For example with multi-tasking system,

some of the steps could be performed in parallel.

The system can also improve the performance of Assisted GPS systems. For example,
if both the target and the homing device contain AGPS receivers, then the AGPS
timings can be used in a similar fashion to the observations described in the

preferred embodiment.

The present invention has significant advantages to the existing ways of homing in

on mobile terminals.
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Wil st the Probability Density Function (p.d.f.) is
the nost likely formfor 30 representing the error

wale@snoedi on, it will be appreciated that othB€T/AU2004/000983

sui tabl e 39 WD 2005/ 009020 PCT/ AU2004/ 000983
representations of the error distribution mght be
enpl oyed. For exanple, one could use a Cunul ative
Di stribution Function (CDF) or sinply selected

ik R B PRI R ISR AR AT LI Bem such

1.

N

w

-

as Trueposition as an application add on. In this

case, the renote positioning systemwould be

| % bdthb@dor direfkea kbdliargo AEaBLEt LlRRThEtHRI IMtudRigdle steps of:
nobile termnal, and the hom ng device. These

nmeasurenents woul d then be used by a central site in

tpe renote systemin a  simlar manner

Y

s.th
F er rRANIBGHUE FHOTE ﬂb%?FHé?O%aSéPF@WCf Wég]h@k?rtabﬁe'ft(’f?éget

hom ng_ObJSQr‘gd%?éinggaHa nove to the termnal. The
i nvention coul'd dl'so be inplenented in

qu‘f - pogd bte&[ﬂaglﬂ rSY@RIBd sahe dhelor@ble @Ssedations and
application add on. In this case, the nobile termnal
i n t he estimated denvir cstaibaitionh ef fxboheot exare talget pbsdreations.
target would be instructed to report their timng 15

measurenents to a central site. These neasurenents

woul d 1 hen be processed .a h eptral. site.ip a.
srhrehOfReRePag 67 PSR b nbfidn dASRbER i Rus Rrftyppt and the
t REr i3 BbshvaliBRs aROPHARG sERMI pBrarRetdRye to the

term nal. The exact sequence of steps in the preferred

and alternative enbodi ment could be 20 varied to
still bring about the sanme effect. For exanple with _
m# methad reeey diys fesaimgowhersn the oge epaqigirigasebservations

perfor [ aral lel .. The systemcan al so i nprove the

p@?ﬁﬁr%nd%%ﬁbé)raé%% t88%ePs systens. For exanple, if

both the target and the hom ng device contain AGPS

receivers, then the AGPS 25 timngs can be used in a

siAreéhofl astvrding e tlhenebwhensn itloasne os atdreaarget obbervations

preferred enbodi nent. The present invention has

siagartacedit a devinsteaxdaal b theaadio trmigalvays of honi ng

in on nobile termnals. 30

' A method according to claim 2 wherein the one or more target observations
are made by both the radio terminal and a device external to the radio

terminal.

A method according to any one of claims 4 or 5 wherein the device external to

the radio terminal is a base transceiver station.

A method according to claim 1 wherein the one or more target observations

are made within a communications network.
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40 WO 2005/ 009020 PCT/ AU2004/ 000983 THE CLAI M5
DEFI NI NG THE | NVENTI ON ARE AS FOLLOWS: 1. A nethod for

wal2oosobdorgy a seeker to a target, the nethod i neCTYAUR@4/000983

the steps of: 5 (a) making one or nore observations
associated with the target (target observations); and
(b) generating a route based on the one or nore
observations and estinmated error distributions of the

one or .nofe target, obseryations. 10 2. A pethod,. , .. . .
RIS fesoet o TaRb) SMEteRL e £ fordted St tiptsibution i
t ' [ i i I
S G S R T

t hseRatimsnore target observations are nade by the
radio termnal. 15 4. A nmethod according to claim?2
wherein the one or nore target observations are nmade

by a device external to the radio termnal. 5. A . . .
e/ RORINGE G6F oI (0 ot Favheraa B ﬁstméteo#%rramﬁ dipbribution is
t arget £ [ . iQ. -

{ aPARARE S R od SRR BatTOf o YhabRihitof & dyijonment of
6.thA radichesmasgor ding to any one of clainms 4 or 5

wherein the device external to the radio termnal is

a base transceiver station. 25 7. A nethod according

to claim1l wherein the one qor nore target observations

ar® nprthedacepnicing te slainnt Buthes fuaclyding fhe star ofp

00T 003020, E5TL R FRRER b R PR, BRI Mg

cal cul g4k &'&o@&ir%lﬂet hod dependant on a
characteristic of e target observations. 9. A

met hod according to claim2 wherein the estimted
error distribution is, . ) )
A method according to claim 1 wherein the location of the seeker is known

and is a constraint on the setting of a route to the target.

A method according to claim 7 wherein the at least one or more target

observations are made within a cellular communications network.

A method according to claim 1 further including the step of
(c) making one or more observations associated with the seeker

(seeker observations).

A method according to claim 13 wherein the seeker makes the one or more

seeker observations.

A method according to claim 14 wherein errors in the target observations and

the seeker observations are correlated.

A method according to claim 2 wherein the target observations are

transmitted to the seeker.
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17.

19.

25.

cal cul ated using a net hod dependant on a
characteristic of the environnent of the radio

wo evoFionmko 10. A net hod according to claiml fRCT/ABR004/000983

including the step of; 10 (c) determ ni ng whether the
target is stationary or not and nodifying the route
accordingly. 11. A nethod according to claim1l wherein
the |l ocation of the seeker is known and is a
constraint on the setting of a route to the target. 15
12. A nmethod according to claim7 wherein the at |east

oo i TRGEA N Ae, aBAGKAohLORT oL PR oBh i H hohre

aGEA st if@Alte thé sédRet biyttht hedid t@ﬁlhu@hlng the step of 20
(c) meking one or nore observations associated with

the seeker (seeker observations). 14. A nethod
oK e eh o P B2 S oSS g 18,806
é 8{11%]3%&‘,% ghr{)\,ﬁﬁtw@%{(gep errors in the target
erv

i'ons ‘an e seekéer ‘observations are
correl ated. 16. A nethod according to claim2 wherein
the target observations are 30 transmtted to the
s e kesthod 2cod20) & 68026 WwhavepoOsbelone@3rdlg thédobservations
nmet hod, according to claim 16 wherein the ta
ob%dfvay iﬂ@%aCHP gem@mahmmlqecfommogéléwebetwepﬁbe target
radi o t d_according to claim 15
wiEPetY ]toﬁlé aggéc}ggrse%hegé% Sgﬁval%é)ggt one common
observation with the target. 19. A nethod according to
claim 18 wherein the seeker controls the observations
medlendtiiod hecordil@td dnithridlwhereim ficiaete gonemnal rdsylts in
between the target 10 observations and the_ seeker
opedueingiapfistance between the seeker and the target thus increasing the

commonality between the seeker observations and the target observations.

A method according to claim 20 wherein once there exist sufficient common
observations between the seeker observations and the target observations, the
method includes using differences between the common target observations

and seeker observations to generate the route to direct the seeker to the target.

A method according to claim 2 wherein the one or more target observations

include network terminal ID, signal strength and/or timing measurements.

A method according to claim 2 wherein the route generated is overlayed on a

topographical map of a region containing at least one of the target and seeker.

A method according to claim 23 wherein the topographical map includes

streets.

A system for implementing the method according to any one of claims 1 to 24.
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32.

33.

20. A nethod according to claim 13 wherein the route
generated results in reducing a distance between the

wae@smnoand t he target thus increasing the corPODAERIOHP009S3

bet ween the seeker observations and the target
observations. 15 21. A nethod according to claim 20
wherein once there exist sufficient conmon

observations between the seeker observations and the
target observations, the nethod includes using

di fferences between the common target observations

a . . .
aite AP R S REAINALA RO SIRBUBLRIAR Y fink fne of claims 1
aggonding to claim2 wherein the one or nore target
observations include network termnal ID, signa
strength and/or tim ng neasurenents. 23. A nethod

according to . claim?2 wherein th oute generated is
oﬁs?‘PW@g dspice fopiise Hbmglfrsé’ﬁmrﬁé’l?ci?é‘b‘ “ "a region
contai ning at | east one of the target and seeker. 24.
A nmet hod according to claim23 wherein the

t %%ﬁ@ﬂ'f@ﬁ&ir@&&%a 6baIdR %0 SthARY StheIHethodBinc M ENS {8 teps of:
for inplenmenting the nmethod according to any one of

cl ai ms () t o 1R4king>NAD12D05¢ OBSOLti ICTAsRORB0H AODOBR target

26. An apparatus for inplenpentjng the nethod according

to any one dfargphehseryatiqns)and 527 A homi ng devi ce

for use in the systemof claim?24. 28. A nmethod for
directing a seeker to a target, the nethod including

the st S Orlﬁenefﬁhg@%@tﬂ HAIEd Bk tHB R RIREMALBLRPFations and
associ at ed th the target (target observations); and '

10 (b) generastiiaged ermouidésthibsieidns of thmsedaszed bbpavations to
observations and estinmated error distributions of

t hose t ar getProBiske Nkaly derations of thg fageet.i kel y | ocati ons
of the target. 15 29. A method according to cl aim 28
wherein the seeker is first directed to the nost

A method according to claim 28 wherein the seeker is first directed to the most
likely location of the likely locations and then to subsequent most likely of the

likely locations.

A method according to claim 28 wherein the estimated error distributions are

calculated using a probability density function.

A method according to claim 29 wherein the seeker has a position capability

and is presented with directional information to follow the route.

A method according to claim 29 wherein the seeker is presented with
information directing the seeker to a first landmark on the generated route,
followed by subsequent landmarks along the route once the seeker has arrived

at a given landmark.

A method according to Claim 31 or 32 wherein the route includes streets.

44



10

20

34.

0
Gt

38.

39.

40.

likely location of the likely |ocations and then to
subsequent nost likely of the Ilikely locations. 30. A

waoredosotoaccor ding to cl ai m 28 wherei n t he est i Pel/at2004/000983

error distributions are 20 calculated using a
probability density function. 31. A nethod according
to claim 29 wherein the seeker has a position
capability and is presented with directional
information to follow the route. 25 32. A net hod
according to claim?29 wherein the seeker is presented
i : : » . " o By ) .
i anethBJEP L g oL EEANS o A RihcliboPisiohidihng the steps of
subsequant |AARER dse of ARGe bBSerAtbAS 08LRIAEE WIBEKRS target
has arrived at a given landmark. 30 33. A nethod .
accordi ng t dtadigai abSrvations); wherei n the route includes
streets, 44 WO 2005/ 009020 PCT/ AU2004/ 000983 _34. A
met hod (Pbr  JNAKEYS PRE G BER EPseryationg pgrociatedhaviphthecreeker
i ncl udi ng tr@eé’:ﬁe?%%s%f\f tio?l ](1%%‘ maki ng one or nore
eqd Wt ﬁ

observati ons assocl a e target (target

obser vatj onSYenePatity a ¥BH LAV cHMPBriOHS BF Ua biaNs
associ Z(F)ed v?e{nﬁ Etltfwlgggeeker S(seer\lkeﬁ ogslélrvati ons) ; amjnore

(c) gener at itaggea obsertvatioas edderekercdhspavatioms afd é¢dtimated error
one or nore _target observations and seeker

obser vat i onsligiiPtsnshaitagseeroer MArs tanget pnd seclsr

t hose one or bm)rett arget and seeker 10 observati ons.

35. A met hod é?SEvoafH)lrﬁg to claim34 wherein the

observations include attributes of radio frequency

signals around the seeker and the target respectively.

19A Bfethéd retdraling ¢ olatlinrig wheeliaitine Shserheti@idinchele attributes of
comparison provides directional information to guide

t Hadiplsravenymgoals ereund ipseckerand the target respectivialy

to claim 36 wherein the directional information

includes direction cosines of a vector between the

SR KRthBA AL RSP him 35 wherein the comparison provides directional

information to guide the seeker towards the target.

A method according to claim 36 wherein the directional information includes

direction cosines of a vector between the seeker and the target.

A method according to claim 35 wherein the seeker observations and the

target observations are made by the seeker and the target respectively.

A method according to claim 38 wherein the seeker is directed so as to

increase the commonality of the seeker and target observations.

A method according to claim 39 wherein the seeker makes observations of the

same signals as the target.
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20 38. A nmethod according to claim35 wherein the
seeker observations and the target observations are

wora@s/omp2d¢ he seeker and the target respecti vel RCT/A82004000983

nmet hod according to claim 38 wherein the seeker is
directed so as to 25 increase the commonality of the
seeker and target observations. 40. A nethod according
to claim39 wherein the seeker rrakes observations of

B0 P 900h8 S8R50 Pl 50009 Ry

4%3\@@ ftﬂ:u‘l{}ﬁ h%%e\kaec{m{snstructs the target to nake
ar 5

parti c observations. 42. A nethod according to

cl AinfetABd whes:elifly thelagaekerhe®in Had saekbed inetrited to make
observati ons of the sane si gnals as the target. 43. A

methisey aiovs oditheysaroe slgaiats ardthatiergsitn upon suf fi ci ent
commonal ity between the seeker observations and the
target observations, the seeker is directed according

o, 8, Quh e deten i ped, R oUsh AL EERLERSAS PRI B 1P

conmmon ar e ervatl ons er O serva 1 0ONns.

4%%&@&1&@&&@@@5@&%&& @ﬂu@uﬁ@ St vatidi®, iy @Rker is

isaradiotermnal ina radio comTunl cations

netivextdd a@tﬁrdmgmmnmtadem’rmmgd by wiiag differenbeyigitween the
the radi o conmuni cati ons netvi? 15 is a cellul ar

r £8TENEB st EResTYALONT AN PREKAODSAVIREIORSd accor di ng

to claim34 wherein the seeker is noving and seeker
observations are filtered over tine to reduce

SPAthaiHod MB%&‘@' tatcﬁﬁlﬂéf Wh%rélﬂ th& g,@? fKPFadio terminal in a
observati ons. 47. A net hod recting a

s excbo cbmmum]aa’gems neth\eorkeeker abI e to receive signals

A method according to claim 44 wherein the radio communications network

is a cellular radio communications network.

A method according to claim 34 wherein the seeker is moving and seeker
observations are filtered over time to reduce spatially uncorrelated errors in

the seeker observations.

A method for directing a seeker to a target, the seeker able to receive signals
directly from the target to provide direct target observations, the method
including the steps of:
(a)  making one or more observations associated with the target
(target observations);
(b)  making one or more observations associated with the seeker
(seeker observations); and
(c)  generating a route based on a comparison of the one or more

target observations, the seeker observations, the direct target
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48.

50.

51.

52.

53.

directly fromthe target to provide direct target
observations, the nethod including the steps of: (a)

woralosogoene or nore observations associ at ed w pOT/AlI2004/000983

target (target observations); (b) naking one or nore
observations associated wth the seeker (seeker
observations); and (c) generating a route based on a
conmpari son of the one or nore target observations,

th k ti 4 the di t t t 46

20051 009020 TS HHSTBABHESEI BHSTF TP iy Of the atleast one
t' t d - - - 3 t

est i mt ed_ergan ] phibouid Q0kPLLLARagbabeast one or

nore target se servati ons. 15 20 25 48.

A nmet hod according to claim47 including, upon

determining that a sufficient Line of Sight exists

beA weethotllrecerbikg to aladmt47enchrdeg,, upien determinigngahiat asufficient
of . Bear| to refine the route. 49. A nethod

addBp @?ﬁggq%@xeﬁt%b%ﬁwpﬂ SEeleranet a\ertél‘ﬂett detgenining a Line of
ohservat.i o Lncl s field strength neasurenents.

5 _ea’&m%eohrggngéfg%lrxgﬂ%g to claim47 wherein the direct
target observations includes tinme of arrival

measurenents. 51. A hom ng device for finding a

t ak gedthotl echmting ¢o diiinc®y wheteinlithngdiractrtacgdtobsefvations
recei ving_ signals surrounding the hom ng device and

f oinclydesdipld sireasth measursmeerts) ected attribute of

those signals to produce hom ng device observations;

and an output for providing route information to a

USEmdtAollideboldifs t @RSk 47 wherein the direct target observations

includes time of arrival measurements.

A homing device for finding a target, the homing device including:

a receiver for receiving signals surrounding the homing device and for
measuring at least one selected attribute of those signals to produce homing
device observations; and

an output for providing route information to a user to find the target;
wherein

the route information is determined by comparing the homing device
observations with target observations derived from measuring at least one
selected attributes of signals associated with the target and estimated error
distributions of the at least one measured selected attribute of the signals

associated with the target.

A homing device according to claim 50, wherein the receiver also receives

information from a homing system.

A homing device according to claim 51 wherein the route information is

received from the homing system.
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54.

55.

56.

60.

61.

62.

wherein the route information is determ ned by
conparing the hom ng device observations with target

wob®snvake ons derived from measuring at | east POEAU2004/000983

selected attributes of signals associated with the

target and estimated error distributions of the at

| east one neasured selected attribute of the signals
associated with the target. 52. A honmi ng device

according to claimb50, wherein the receiver also

receives information froma hom ng system 53. A
homhaghile et o0 dinBdo Ll 8 Ruthe MIRIGAR GBI for
informat Pon is 30 refeived fromthe hom ng°system

V\Qa RAQ&H 00 B2 URETH f8LRAE4A000983 54. A homi ng devi ce
according to claimb51, further including a processor

for <calculating the route information. 5 55. A hom ng
dev ce .accprding to,.claimbl ein the output

irpaaggﬂ%@lqeagfs%rdmafts%m S*hEdineh sfii Grbraides the route

' %H{rﬁ?att{(%% A8 foftn B2 TLA% A8YHAGHEHCOrding to claim Sl

wherern e output provides t e route information as

vi sual infor rratl on. 10 57. A hom ng devi ce according

to claim56 wherein the visual information is a nap
shéviamginghde rictiaeccodiang i daiom 51 veharein t}@&utguhpmmges the route
devj ce accordln t.o.claim51 further including a
d?r}p%%a 108 357 9§ %lénfqm“ﬁé?ﬂ ce orientation information

in conjunction with the route information. 59. A

hom ng device according to claimb51 wherein the

r eCBb¥Ah @@Qera%@&‘ddﬁg to SlAmMBewakfaR ithy visi@MrifBnation is a

t ar get to provi de direct target observations and

wineae slnowheg thet mute nuerlaid @f thenmapout e i nf or mati on
includes the direct target 20 observations. 60. A

hom' ng device according to claim59 further including

i’lOS’lcl}lg %ltré@‘ cte%E&Qﬁﬂ% tb HaiAH A RS ifcllA'S CERp fasto prowde

earl
dewce orientation information in conjunction with the route information.

A homing device according to claim 51 wherein the receiver also receives
signals directly from the target to provide direct target observations and
wherein the determination of the route information includes the direct target

observations.

A homing device according to claim 59 further including a directional antenna

for obtaining a measurement of a bearing to the target.

A'homing device according to claim 51 further including a transmitter for

transmitting information to the homing system.

A homing device according to claim 51 further including a transmitter for

transmitting control information to the target.
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25 61. A hom ng device according to claim51 further
including a transmtter for transmtting information

Wo eooslhesob@m ng system 62. A hom ng devi ce accPCTAIZ0H000983

64.

65.

66.

claimb5l further including a transmtter for O
transmtting control information to the target. 30 48
WD 2005/ 009020 PCT/ AU2004/ 000983 5 63. A honing device
according to claimb51 wherein the receiver also

DR S e O R L 6 e

ne F ' : cal cul ating at
Ie%cts}?g(gnlgfdprﬁo tgg] %Bﬁ&?&?ﬁ%ﬁﬁ{ﬁﬁsﬁ%ﬁt arget; and (b)
generating a route to direct the seeker to a nost
probabl e of the at |east one probable | ocations. 65.
A freneibgddoe ohivticting aseeket to Hargete tes methql indhiding the steps of:

T ot % 8 S iR S b S
| i f - babl
ocati oy T etfEGnE Y DHRSGUERL: 1B SR 983 thEst propae of the

accordi ng toatqbggtmr@%f@hgbgilecgtﬁqﬁtoute i s generated
to direct the 15 seeker along a m ni num di stance to

the at | east one probable |ocation. 20 67. A nethod
according to any one of clains 28, 34 or 47 wherein

0 . . ; . .
t hd TReflCE acgeripgie glaimKekwharein adluaaity pftrabeble locations is
di s t rovide a mn mumdi stance for the seeker
t oca{lc?\.g%tgeld, ?188 M e&g%@letsgglé%rt is df{gec‘iec‘[1 fifst o Phe most pr§ba%le
location, followed by subsequent most probable locations, until the target is

located.

A method according to claim 64 wherein the route is generated to direct the

seeker along a minimum distance to the at least one probable location.
A method according to any one of claims 28, 34 or 47 wherein the route

generated takes into account a travel distance to provide a minimum distance

for the seeker to travel to find the target.
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