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WO 2005/ 009020 PCT/ AU2004/ 000983 A METHOD AND
W @RMTFO? FI NDI NG A MOBI LE RADI O TERM NAL FI ELD OF
1 | ON The invention relates to systend(GrAUZ061/000983
nmet hods for finding a nobile radio termnal. 5
BACKGROUND OF THE I NVENTION I n the past, nmany attenpts
have been made to devel op net hods of determ ning the
position of a target in a given area. Such

A MEQRIODas NOn 3 HFCR 4TI TRORFINTING LA 81OBACR R ABIOTERMIN AL

mlitary target to direct weaponry to that target,
determning the 10 | ocation of a vehicle which has

e tol e o.enable it to be retrieved and
FIEL&%&E‘Lr ﬁ'lhgféml@&m on of a person who has becone
bR nple, a etting, . A vital
The [RZheRBatBlies %}&lﬂ%“af’ﬁg&tfeﬁﬁn@gﬁs ngRanpBile 5@élﬁ§ermmal
bet ween on the one hand. = 15 the process of locating a

mobile radio term nal and on the other hand the

BACKCGROEENIMOE THE ONVENTIENGrred to as finding the
nmobile termnal, In the l[iterature, locating a nobile
In the @ags. many eftempts badleeqn mede $0 vﬂheelelpwmthcekstofntdiﬁmmmo the
t he. position of . the bile term nal. That

PO“%%SE% fanget 4y 4 SRR PR au%FPE IGatemsrinakska datenrining ghe
10caﬁcﬁ‘?{vf€g ﬁ'[lﬁtaltr(} %al%%? 'tg Wﬁﬁ%ﬁ l&v %ibe{r%ég%tx S ruglq'lg tli]1e

stical-terrs ate
locatid 6t setslhleanhﬁ:athag&te%nl s$o1t3h kg |eMaEl% iV & Ye Eét%\rw %nHr ue
position of the nmobile terninal. By contrast,

detepninirg thedees tivh ed alperstmwie Hasrigticogresloanivi foe ex&m@m ral
i nvol ves a person noving to the sane position as'the
Wﬂd‘?FB'S?FI%e t88mi nal . The distinction may be understood
clearly fromthe results of the two processes. Upon
| ocating a term nal as described in the literature,

A vitAN@isHASHES EeS aa{taRRHi C@%muttthé f@ii@wﬁ'ﬁfnétjw nocin ifne hand.

nobil e term nal, which | d be many
the pn@:teseef formmg ehmomkeuadpmmrmmﬁ aridoen tlé Bhed GrahB&he process
nal hovvever one has noved to exactly the rFr’e
which aglmhed‘ﬁfeageq beas g dhe mubilgitermb] d s liteasiene, locating a
di stinction can be very

moblleattsgrrﬁm% gﬁ{' Irg\hdc’ Cetc%l}%%g% tﬁbelferl?é Ay ¢stinitedp sradepf the pomtmn of
e B S S, O G AT o
therefore the accuracy of such sy stems 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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PCT/ A U 2004! 000983 enabl i ng energency response
personnel to find an injured person in a tinely
WEBMSheoodne prior art contains many exanples ' .
systens. In the main these are 5 based on raglilcoﬂgm"ﬂgm"”m
acoustic direction finding, in some cases with the use
of a secondary indicator for the distance to the
target. Such systenms operate in a conceptually very
si npl e fashi on. The hom ng devi ce detects a signal
enalflingmmergenay gesporde viecsoranet toEad ureisydred prgheirof timely -
arrival of the received signal. The user is then
manggli sed to nove in that direction. As with all radio
signal neasurenents, the initial 10 angle of arrival
measurenment will exhibit randomerrors. In principle
The PQW?\A?J oé)lﬂe?‘ins tnl?ﬁnh%rﬂgleg o hotnihs: stry@’?é‘?tqs tl&v\ﬂﬁ Qﬁaﬁﬂﬁese are
arget device, repeated neasurenEnts enabl e the
basetlfod) 2elioby atoudiir didgdivinelthdidgstibrae basdivemh She isd bed
eventual ly the hom ng device cones to the exact
secondaat indicager fardhe diggencadievthe dargibt Bucthaystemsiopernate in a

conchRtUATY X yg;l%%gsafag#w fect) %glﬁélipﬂgé ggﬁgg mfg?eg:gsgg\é{%gl cc)\m the target
. ' t hsol ut e. | on of the target :

devilPH hthafios 118 RRR0LA G aP AP sPel il i v isben

adviéed @f ineeth HeAdiddttioal VReNiihal Ralb R W &R udstlents, the initial

target device. Also existing are location sy stens for
anglerobaireval akasurenennadlé exhibitsandond etrbes eln mysdiptshowbeer, as
nmobil e terminal receives signals froma plurality of
the hopying idavics is mpvakiovaisshe faget devicrisnraied eaurements
erm.ne th ocation of the term nal er haps the .
enabliE BliStitb fabe s Bearicl i st et &RuplY the homing
devidOTIrhéOR) BQ DY G USRSt i X | ;
ewas descr iege_or[ In l%éégt%at(gfn%l © I&é@%382}5?8%?@%%%&&%{2%?{%%5&}
for a sycEON firelihg @S nngRRRSceah d@eahimGormbiniérfel beltabwn
t el ephones. The | ocation determ nation is based on
absolgibe Eroatithenghp pbsdlatadsishtien of thaergetmbevded. f Bnedeeicotan operate
arrijval of signal.s fromthe base statigns in the ,
selely, i fgme C%%BF relee G ChnR Pehregr %‘é%%g dexigeppe tapget device.
nobil e term nal neasuring the signals received froma
plurality of transmtters whose positions are known.

Also SUehns e ma&mﬁw&asﬂo@ﬁé Fad0 Sbtrh PRI A sSHSE 8MBhese
WO 2111151109() 211 PCT/ AU2004/ Q00 983 5 The primary

systefnsntitd imebile terthbahtréeivessigreds front a pleadity of peskinibers whose

i n absolute terns, :
positions are known in order 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 Curs_or_ 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.

[R*]
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for instance within the GPS WS84 gl obal coordinate
b Banodda€ performance of such a systemis s i £ )
“iogﬁp‘g?“r)r@aof such concepts as the error radi us&?ﬁmdzﬁ&mmss
i ncludes 67% of the nmeasurenents. The perfornmance of
a hom ng system however m ght be specified in terns
of the percentage of tines that it enables users to
find target devices.. useful hom ng systemw || be
The phineartyduhictidn bhe lb@itiget syatere iy tduinghsyerpsii@ys adfsolite terms,
time. O course a radio |ocation systemcould be used
for ipgfagcapiihiy the GEPNSsdslebals opedimiatelamiea ddearqrénmapdnce of
t he syst.em i.pcludjing co ication of. the est.imted
such g SyRBHE SPeqifEd Fh B AR ONEoR @S (RS PP 1S that includes
o [ fi i : i ] .
67 e R R TP pe ol Y p R Eming YA ap b Vgt Fmight be
speclfReRin RBms Y ShepriveniadetofRIraYd gait & dRbiediRts fctivdtddpet
finding the target device with any degree of
deviees: taseful hantng systefronal] baratde thbnd dhes tadgeed ver higha
lication of radio

usef ul Elom,ng ,SéfStem The, gpp .
percpnfage 06 e iEtee tf qaapse 66%@103@%%%1 PYsters| o Re used as a homing
systet bl.%ftrth?seéemérgggha%%%iir?rg 89 g}eeg:iyggerﬁé%gtqlﬂ&mgﬁ%%ication of the

Interes

ot YR8 1 SR B 29 L3 L0 AL

devitasif dihetarngunghe gobitionaetinsstk fis hinge rthontlee plabotatadiaGtion
systens in specifying the reqlui red accuracy. For )
systes@ ayppel PIoiieg nasthed i actumdly findinertbe target davipe matisany
netres,67% of the tinme and, 150 netres 5% of :
degfF hE SRR Aol PEretp Ereailon e ep BR et hes S Byming system.
Th . 679 . . 1 . ] )
e TSRSl REATR A0 JELEE IS ot Wibscrivers
has Heefuiry fer of grém pbynroercial Whiteest Saale@he Uittt $tatesEddces]
for exanple. In particular areas, for exanple
Comgowricativns ¢ peunissiphd Fafn ceardatpd that esllclenwgresatorGpvenide this

capalt K CRE T Brr ey g ue s e prsealhald feietegsitioning

; i, [ i L1 nda: € e
systefly irReifh 2] e rRgbliB fidral POP (T RUB i ystems, the
requizedbedatiey iLPOmetRd USEH! @ (HAFAA 1SVThE&ESs, 954 SafelBne. For
seen however that the accuracy requirenments in the
remate Avkiemsdbe nequiproentdere hE0 besies 6765 obtHa tiynk ywnded(0ahkes 95%
. hom n%éciapaﬁ' lity. For the renpte system for _
of the Hape it ehonll besnpisd thakthese statisHerlrsquirpments apply e a wide

R N T e I

Perfoqﬁgrkggguld Pe #{LRERearea, 300 netres is sinply not
sufficient to

- 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

23
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find a | ost object or person, especially in an
when tinme is of the essence. Even th
“gggﬁggggyreqU|renents for a self-positioning gvgq%#ﬁmummwss
fall short of the accuracy needed for an effective
hom ng capability. The accuracy requirenents in the
FCC mandat e, inadequate as they are for hom ng,
reflect the current Iimts of technical feasibility
metfegfreaniizerad pbsitiohdéh yndephknyedd, 800 nnetbéd ie SIlﬁbB{plh@ﬂ'@lfﬁCleut to
| ocati on systens. These limts are due to
find eHastadtjedtios tHegsorofespedialds in hakmeagerciprbpadiane sof the essence.

Even Biq fsurATHERHIRGEE LFTeh SOl PPRUORBISET AR < L GREOY the
e e P o R R AP R PP ence in which

signals froma distant transmtter are bl ocked at the
receiver by the signals froma closer transmtter
The asiurgest teepssneentadin the FahelandMel, tijpletnarvidérg ese for homine;
itself as a bias in the timng observations nmade by a
reflepied) qsrent Haaity phtechgical fqaiﬁtbtlhfarfowmtrﬁ@erﬂmh widely depleoyable,
tio at hs between.the tra tter and the
mobfig SRERHN heaBoB kgt RGP s s R bt < AR ot
terregﬁ'gelltr%lc@ﬁb@%ya@{lgn J&ﬁdﬁgg?fm{ﬁé 1.’[11”@36 LRLeNce n%ﬂ‘{‘lgle copies of

gti1on on t result
the tedfnhieled RuRd At Ghe fdcalam), bigs obehnatidri@ehebdy réfeered to in
nobile in a self- positioni T system (or a fewer
the litenrsivere asfshadoei feghsobfmf:bneam rtlh@r&rgm g w hahsamgmatis@fom a
e nobile | e- pasi tj oni ng syste

dlstaa%tt@@tsmﬁewq‘@ﬂéfei?fg |TECRRERRY Ste Figals fes Ja%qr&ﬁ%mmtter

using Y% LR Tl S bEl TR Ea R AR BRI AR Hrsin thsgigine

obsePfatfiRidAgdé byH @PEivEE PREBIA!i€a ranQYSH 6PIR rhlifo propagation
accuracy linitations of a |ocation system by ngkl ng

paths bpeeat¢adihertdameniten tandehe veasient STtdabiaveraitagitto e2bors in the
reduce the error. In practice however the rate of

positaen gtiate ckheneat fen inter §r¢r}F|§@ndfq10w baghTRgionesn Hee afher hand
resuB R g shatlon Pt R sl BuRBiBtedel Y BF MHBlgR a s

-p081 1?12 s§5Em Edéi’ Eéxﬂcﬂ—sndrﬂbéf‘éf fe%&%‘éksaﬂ@ce&u‘?% g\ébéign%%smﬁted

ett on t ervations Is not mtlga

by tHeEmGHﬂéﬁh Aeamiote fFesitioniny SPym).CTRe detdrabe df hi@wer signals means
position estimates are biased the average will not

fewec obsavgdonhg avhidatdo for delepoaiingdhe dncalibh anvia corresponding
2005/ 009020 PCT/ AU2004/ 000983 It is therefore an

degragqizen irpth &afeU#€sent invention to provide a means for
nore efficiently finding a target.

In theory of course it might be possible to overcome the accuracy limitations of a
location system by making repeated independent measurements ahd averaging to
reduce the error. In practice however the rate of ervor 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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SUMVARY OF THE I NVENTION 5 According to a first aspect

W 2“&;7@9mes.ent | nvention, there is provided an?}Al?ﬁgumom)ss
or irecting a seeker to a target, the netho

including the steps of: (a) nmeking one or nore
observations associated wth the target (target
observations); and 10 (b) generating a route based on
the one or nore observ=ations and estinated error

It is dresefiordam objest of thelmresery iovemipereta prayide alsernsafior onsre

.. Ac ordi.q to a second aspect of the present invention,

effickeR VéHFglﬁﬁééﬁﬁ%d a method for directing a seeker to
a target, the nethod including the steps of: 15 (a)
maki ng one or nore observations associated with the

sUMMAget OF(THREIRIVIRDSREDXAL i ons) ;. and (b) generating a
route based on the one or nore observati ons and

estimated error distributions of those target
observations to provide likely |ocations of the
Accardingetc a ort Aspest @ Hoe peesant hiveatiaspdere sfpnovedest aseethod for

airectBireckat 1 ¢ Erget InEthed ol s Bis Pt AE <t ops of -
{0 {arh At R B il faGRRICAAL AR it tareet

obseBfatitER apliser vat i ons associated with the seeker
(seeker observations); and (c) generating a route
bdbed @enaraompardgterbaséd vhghewee or nmoareebisargetions and
, obs(grvati ons, and se?ger observations and esti nated
estimgte prigy SiSHIBHHEPBRE! Bie on g5 B8R EATgRt 'R4eet and
seeker observations. 30 5 WO 2005/ 009020
PCT/ AU2004/ 000983

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:

(a}  making one or more observations associated with the target
(targe.t 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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According to a fourth aspect of the present invention,
' rovided a. nmethod for O directing~ . .
vg@eg(ﬁ@pl"’tﬁ%lpa target, the seeker able to recei Vep(?gpbg{em{nm)ss
observations directly fromthe target to provide
direct target observations, the nethod including the
steps of: 5 (a.) nmaking one or nore observations
associated with the target (target observations); (b)
Accrekinggo arfeunth aspeet obtherpratdrdisvassogithéeds protiletiremethed for
. seeker (seeker observations.).. and (c) generating a_

direcpg @ ke dosntasselo isayselenalle tp hecaive tasgehelseryatieusrdirectly

10 _observatiaons, the one qr,nore, seeker observatjons,
fro fa HRERL A3V ikt PR e bR R BScBe rReTer Brgis the steps
of: distributions of the at |east one or nore target and

seeker observations. According to a fifth aspect of

t hea)pr es@iling BvieRirirAbre obdReraidr RsOARAIWHBVHE arc@F (target

15 finding a target, the hom ng device including: a

r ecei vepbfaswatiens) vi ng si gnal s surroundi ng the hom ng

devi.ce anqd.for V neasyring at |east one sel ected

at t9)i bufBERE PRESE RPFRISETYR I Pisqdee@iesniviG theveeer

observatj ..and utput for providing route
i nfor rraté’leg%&t%bsgr‘u%tg&sﬁbmﬁjnd the target; 20 wherein

he)r oubendAtiAETRIAE bhSed 88 ROMFREACIAAERAR Rnbiftarget

t

honmi ng devi ce ~0 observations with target observations
der i vedobseomutieas whe oge at nhe@esechaiseetiad, the direct target
attributes of signals associated with the target and

est i mat ebses¥aidenyard eppneteshempr distributionpatthemideast one or

measur ed_sel ect §d gttri,b:ﬁh(‘eS of .1he signals associ at ed
with t hB'ParYéet 2pdsee B YS a sixth aspect of

the present invention, there is provided a nmethod for

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

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 atiribute 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:
(a)  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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directing a seeker to a target, the nethod including

] ; of: 0 (a) calculating at | east one probabl e
“%@%ﬁ"l‘"gﬁﬁof the target; and 30(b)generating arftd{ft0Hg9ss

direct the seeker to a nost probable of the at | east
one probable | ocations. 6 WO 21105/ 009020

PCT/ AU2004/ 000983 BRI EF DESCRI PTI ON OF THE DRAW NGS
The preferred enbodi ment of the present invention wll
now be described with 5 reference to the foll ow ng
draw ngs, in which: Figure 1 - shows a first
arrangenent of elenents in a network according to the

| Lon;. Fi -..shows a second
Bm@{ﬁgﬁg:mn(sg#bgﬁgﬂéhﬂg&ﬁ@%etmrk according to the
' [0n; ' W | third . g
The BAER0H ANLAPr M, B UG eb SRRVE, b e fopibed e
refefeh@s nthd follentih® drawirPsl & dhictshows a gener al
arrangenment of elenents in a network according to the
priggem 1 shensiadirst Firgngembnt osélementdig amitwvalkeresiding to the

of .a hom ng device according to a first 15 enbodi nent
presgtipKenideysent i nvention; F figure 6 - shows the nain

el.enent a target.device accopdin 0, a first .

e BE LA e ot ERE 1< SR AEFmBRG! Sl eE i ehehs odtagsgrcing to
thep’i‘es%%%%}ﬁicﬁ{; steps used in the nethod according to

the first aspect of the present invention; 20 Figure

8 Figahods slaows ahhtrtll drtangdinsdriti diwldragntk ok afripdiong aécording to

target, overlaid on a street topography; Figure 9 -
the psereig PRI N el ements of a homi ng devi ce according

_tﬁ:\;g_ﬁ ¥ Im‘tsﬁr‘nagi }éeﬁfaggodinrcr%nt of ftﬂ]glé%{jesent ) )
i Avents ons ANy 2 EEHER AEENSCRIROWS! & gHt @ nghwetlepreording to
the p&‘és%ﬁt @i ternative nmethod of the

Figure 5 - shows 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 DESCRIFTION 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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25 present invention. DETAILED DESCRI PTI ON OF THE
\,E(gl ()Efﬂ.:(? EMBODI MENT In the follow ng descriptjon, the
stemrefers to the conbi nation of thep%ﬁ’wz"‘“’“'"“)83
processing neans for estimating relative position,
sel ecting search routes, etc. and the 7 WD 2005/ 009020
PCT/ AU20041000983 hom ng devi ce. The hom ng devi ce
refers to the device carried by the user through
homithg elevidee TieshamiodaiaireRt et el devifecarsied byQne user through
occasi ons, the term"seeker" may be used, which may
whldeﬁasvts(oemm@nhmmngt@ewﬂbéhﬁ uset. fOnrocaansle& tle tarpe”Seeker” may

be ugg)ql? xgg_x ev%%g'eteg %}r‘ F}'th %rwnpg ;:lg%tclﬁ 812 h@fﬁ{soqighg gngrtggg device,
ho I dt
or Ui oo RRERE e et A58 E bR E 2Ry ocr% ng in on a

nobile radio term nal. These nethods can be applied
in different conbi nati ons depending on the nature of
In thmlloa\aﬂhlmh%mplﬂrad}ehhe of schhodahreatidclosahomich can be used to
constraints that affect that application. 10 To aid in
zmplmd@rrtsmﬁéurcﬁg esystean fardraning st Moadnalpile asdo termmal These
cunsf ance t..which he used
medRASFET B ABRTIAY PARUISHEat FOREE R ie A A<RRTALNS o e Apge of the
appgga(%}{)qf’an@gﬁcgfeqm&a%g%‘ gg%@gggggq%gﬁgm%f%ggtm abBication.

To aﬁ@ﬁ%ﬁérﬁﬁh&ﬁbﬁﬂe Aiffsichbhrshods aadike sirgnaksinaedunder which
reports 15 thése to the honin system but hom ng

theydevild dehaednthesppraitde bosiiggapplineaens @mar@qﬁhbw ﬂlfﬁe groups
Thi s arrangerreg IS |Iluaﬁj}w&ed in F| )
accongingeto (B ALORC e PrOEHEA P AR IBL Bl RBAG Tespectively;
network | including BTS units 2, 31, 4 and 20 5.
Target device 10 is able to make measurenents of

£ gnatg- oW H8iRe HigisuRRieRicke PMEibARAII! rhaRSGohSls Rali BPorts
system §O Hom ng device 20 is wunable to, of

i ncapdbketofhe liakimgsyseas e hiemmgoiemwhmmdser@rate signal
signals. Hom ng syst em 30 communi cates directly with
honi nyeaaviesterg@apaslitt e that while the preferred

enbodi nent has Target device 10 making its own
measurenents of its surroundings, it is conceivable

that gt %Eraqleg‘éh?e?ﬁ 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 comununicates 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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make the neasurenents of signals transmtted by Target

WhOZtO"_g‘l;]guq,eport these to the homi ng system 30pcT7auz004/000983
er na%lvely t he neasurenents nay be made by both

the target and one or nore external devices. 30 WO
2005/ 009020 PCT/ ALJ2004/ 000983 2. Both target and

hom ng devi ces neasure selected attributes of radio
signals and report these to the honming system Thi )
2ar r arbpehnemtzet snd Hoosingatesdcasmeasyue selgcte atikufes 8? fpgtio
device 10 is_in 5 nobile phone .network 1 including BTS
unitgﬂ@nﬂ%?nér%ﬂ%*éhﬂ*&PéE?%QEVP&éyi Mis able to take
measur enents of surrounding signals and reports these
to homing system30. In this configuration, hon ng

devi of,i2QriafoBhRAt ﬂ:%@xsirﬁtedfmkﬁgﬁﬁzﬁ U QIBEH sargét device 10 is in
surroundi ng Signals and report these to home;nr:}:%]a F?ﬁ/istem
0

30. l@obgephone netwerk 1 indugirefBrabhds 2o, 4 rget device 10
device 20 to take its own surrounding _neaéur?ent Ste il

it i gsebledeitekbmeasHIam Gt REE SUBPHESINT BgBa S Teports these to
measurenents of the.signals.transmtted by | $H0:

ov; QDR B (T asI LERr Al KTy fsvae 40 algo able o
and han ' s e tigfaRtddd stHeke to hominy
radi ol%glf g%ﬁ%gﬁ%e?ﬁ&%tggﬁﬁf/@g?ﬁh%&gﬂg repor theseet%1 s

t he hQmispg3system In addition, the homing device

directly nmeasures selected attributes of signals
transmtted by the target derv ice and supplies these

|11 usheabetrtils IRgReE:ab SRR ROT NG aE W7y a8 [ itgown
oy 1, akr SNSRI BBt (3 PR e SRAGNGARERGe toke the

devi cedfirkmenlpl 6f (R di@kas PRAsHHIREEBY hohingsd@ried 20 and report
surrounding it and report the results of these

meas utheseat®riing?® homi ng system 30. Sinmilarly, hom ng
device 20 is able to take neasurenents of signals
surrounding it, and report these to hom ng

3. 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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system 30. Additionally, homng unit 20 is able to
wes@imeoand process signals transmtted by t
device 10. Optionally, honming device 20 ma)r yﬁﬁuzouymmsvss
rel ay between target device 10 and hom ng system 30
such that it 30 can relay the received transm ssions
fromtarget device 10 to hom ng WO 2005/ 009020 PCT/ A
U2004/ 000983 system 30 rather than target device 10
t r anSHFteR %fqti‘/lgl‘ iherdenget devich Yecengmittinghtsrinfrgmation directly
systznbso.. 51n ﬂ ral, the hom ng process can be
concé? 88“855%'“3 hving two stages: a searching stag e
and a tracking stage. The searching stage applies in
cases where the target and hom ng devices are unable
In gdrersleaR Romuid #yfd»c@@é cHPBIBINRPSQT ¥Bdd PN8Nng itwer stacres
observations of the same signals to ‘enabfe thei’T
a searchingisteseposl & ihmoking diegereasured directly. During this
stage nethods are 10 used that enable the hom ng user
to performan efficient search for the target, with

e LT A A SRR B SR, e
to reggﬁ%ﬁfﬁvﬂ@ﬁt &ﬁﬁi&n%qgﬁdﬁlor@f:ﬁ oHb i BRIl ‘Eﬂg%ﬂ{e S@als to

ervations are avail able hom ng system en

enabldiheir reiitiveg@itee ssbe shagutdiedirdit¥. eDﬁBﬁﬁ&hbﬁétﬂQ@ fhethods are
common sets of observations to enabl e the honi ng

used b @@bd@tfnesh@@n@ugq tnmeefqrapau effidienttseerghofor the target, with
the ta t@Iotethat esea ch, if suff|C|entI¥ )
the a0 reqy! g & rebauatipn hefvaer ppieg Fnf targed ideyicss 1@ Hee point

that J@Bgﬁht %ﬁﬁ%ﬁ nﬁelagurerllﬁ&?é %E%l %e% éc’e L@ggé gu% kclo on

owever 0] ac
obseﬁa‘afulows 8R! 2SHRIIY ROPOROLG sy3QnT Betcsy BIATRAGAY B8 using the

nobi | e term nal (the target device) 10 that
differmastbetwepel ot mdnaets ofnlises dforsi g rakbler the dioneiehof degmce to
geographically dispersed network termnals of the

conv ﬁ‘@e\wx@ BRI thesoshn plethedprgataNote thaighe aeangbr it

be f
suffiG, e T cRLRB e Frr sbPaiod e rcswlt‘fwut the
11ece£it\‘%’? utsiﬂﬁetﬂestrﬁ%gﬂ’% g]fcagﬁ’ gg.%%‘mb hoWBESLiIRAY E?ﬁost

her éaf t er 25 to as observatl ons.
efhaéxafe@efcl‘d}ﬁyslsﬂ:ﬁclO reports the observations to the

hom ng
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 network 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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system 30. As an exanple, the nobile termnal 10 coul d
weRds/éi8hlpul ar mobile telephone. In that case g“i@wzu /000983
network termnals would be the base stations f to 55
of a cellular nobile network 10 as shown in Figures 1
to 3. Alternatively the nobile termnal could be a
W rel ess LAN adapter. In that case the network
termnals would 30 be the fixed Wreless Access
ternppalapge ayailable g Hunkemingsystera. loeduridar essurhed Hatishen the
bil\% VO 208?&(_)090 0 _P /_AU§004/ 000983 _t er m nalls argw ) .
mobyletermaiial 1Y SeRES W APy Y 8PSt &A1 APInE o At iag fefivatf terminal
it aldd @%ep_ lﬁ'ﬁ%@ %?ﬁati%ﬁ@ﬂaﬁl&@,rtﬂé B8t s(-&RaT 5§ %daﬂiel?tify that terminal
obseéervat Wor

ion pertaining o a partPcular he
(in or@eion@e the infAh &R tiDWRRINceShTensRkion). BoabkiMBld Rehe cellular
hom ng system 30 to identify that termnal (in order
netwarkusiee, tpaeamefars bdartdpingpihedrase sgticnswbobhbe supplidbalong with
exanple in the cellular 5 network case, paraneters
any pRR&EVRHEQR.ng t he base station woul d be supplied al ong
W th any observation. In the scenario of Figure 1,
the fact that the hom ng device 20 does not have the
In thEeAP&RIid bYFioRr ERKehITRASHE IR S IRAASy 8 2h Bk Yot have the
sear chi ng hods can be applied. "10 The hom ng system
capadfitfito shaluseeasureherdartane chati cpie starchg) Aethddd &g be applied.
target 10 is noving or not. If the target 10 is _
The howitng systte Hbliishseys slamdsnd techaiiue toodepidhifithe target 10 is
1 ndepend observat.i ons .ove range o I.tipns,
moviH GoRTng) FHORTEY THs e Shethearg R ot R P dt BBl o gather
Ind e R Y AR o RO <Rl o & Aedce spatially
uncorhditetitdadigin e BBMIrotiaNs (fammmpl&m@ﬁ%aﬁ%&&@i%& a set

enabling a user of the hom ng device 20 to follow a
miglhtdgt suffipiantlyiacturape dragdpe homeng deyiee 201en Movedeodlirerijons
.he accur will be suffici to be able tq follow
enablifig g bite Bpming ey iipgario Tt e Aoty inercapt the target
- : r
10. 18k kS B acd PR SKARRE TR M 1o RO, R pgogress of the
target A0 irigSthe ikt Nyt BeIGhe tidg¥t HUhAOst 8'88Ping. There are
20 I n sone arrangenents (as wll be discussed in nore
strorggpabblic dedbtywpasarts flos wWrotsg hingil tlor targéies wgioraoy pefive dering to
. the hom ng device with information as to the nobility
mergdPithe target 10. 25 In the case when the target is
stationary, (which in environnents that give rise to

' 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

farget 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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heavily biased | ocation estimtes nmakes the target

nmore difficult to find), the following strategy is

WOV E The hom ng system 30 uses the observations .
reporﬁggu%y the target device 10 to estinmate ﬂﬂé# Qp4/000983
likely locations for the device (for exanple by
calculating the probability density function (p.d.f.)

for the location of 30 the target device). This p.d.f.

could be continuous but for ease of explanation we

assuyid if islin e ReOSIGOY 20 LRE poditian 42008883 tad guokability values
i kel y positions and !

i§i.ntgefo, of | st of | ) ( .
reproRenting ééikﬁﬁlgb%itﬁ?tt eanzgbdeviceglds ahthewgspemive positions.

' ' t the _t t. dgvi 10,.1 t .th .
The b BP9 ot P9 B S5 Bl pspinne of e

| targd HroU bt thdiabishs hdrgadiRgly RS liké'llg'?égastlkdg%ﬁ/él@gg g‘&lfoi %E_‘g?lymt the

target first, but then Visits In
streek agadgraphy}.t The Agutens coranaaubitetiie the sk&e@f the homing device, by
t opography). The route is comunicated to the user “of ’
stand4ye TReaih Guale @b s¥Ntheyized tvainta ek tnenimeages UEe ager then travels the

N IR NGNS (R M
kel flock ot 58Sket B LR, X184 LIRS 0She LY e o

- efficithihahher.t Blcgiver /byt RRloWISk arfd:iHAls8Rb gﬁﬁ&&@{ route, the user of

However, by followi'ng an eXhaustive planned route, the
the hogeng dfevi® wikeventiialy diewdi the tardet. eventual Iy find the

target. According to an aspect of the present

i nvention, the user interface need not indicate a

ition for the-target. .but rather a royte to b g
AccofSipg b dstegt PRgeHPiht gt dfk B! fltdadchaddaayindicate a
itRRAUDS the 8 ebl bRk kAPl rOlid e hg4;

post interface ?hat 1%; pFesents %%%m%gggpossﬁk%ﬁgfge&' HisHorm of
interfaosinill @aase T3k Srustiaiohrort therparalse thd usmnRah bk ehderfdathat

the user wll follow an exhaustive search process and
presenfret Hptyolgpessidd pogitfanad iThis wild in swgemakdétinoee lifely that the user

. fQute planning process could optinise the route for
will il arertiis e Seeredroce iRt HssE B ACCGEO R ApRingthe target
ovioh€ [ j 3 [ bt le the

devicg AR kBIATLB-A BEoKELNRRIA AR 1E0le XD P08 o srce
topog@apRE hatietkops OPiRhl deldt@shlp bhthd AkASHodlickH, TRk RAafple the

t hose positions could be used to select the route wth
distanides bebvesn tiexpessilgld podititranoel thetassaciateel mebabilitis dnhe target

aspect of this invention is the observation of signal
10 beigygept dppes pesitiens cepls eauses toreelenithe rowtermsith the laveest expected

clistandcle?c’t ance) between geographically

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 alse applies to mobile

- terminals that are equipped with GPS receivers that make observations of the time of

arrival of signals from satellites. 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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25 dispersed termnals (2-5) of the radio network
whose positions are known and a target nobile
woenm/mad2010. Accordingly, this invention al sopapRlu8&/000983

to nobile terminals that are equi pped with GPS

recei vers that nmake observations of the tine of

arrival of signals fromsatellites. Simlarly it also
applies to renote positioning systens that nake
observations of the signals transmtted by the nobile
using 30 renote terrestrial based receivers for

1, 020,PR U2004/ 000983
M B R .
calcu@ﬁ[(fr@r AAd Ehabis¥R-ROS b&‘ Wan Egleﬁﬂkafat@ 811‘&'%\9’1(:1“991; V use the

selection etc. at an inter ate p0| and mnere us

hominlgedeien2(hgs alenvdape f@0caanaurieanss Hath ﬁ@fﬂﬂiﬁh{g&héeﬂg In tl'us case
with the honming user. In this case 5 the user may not

the usgramajewd exen aed atdadliceded hg'ndegmiﬁe’idahuﬁ insteed doublilige some
ot herla‘%?neral ose communi atl ons, devi ce

othen N EldT PR OPR SRR GRER GRS IGRIES (X BeLY® Rediraegions. This could

meaﬂé%ﬁﬁ@ﬁ%fés% %h g%gllk(% g Lfngﬁg'arlll&%n%?fhgacﬂ%bglgq \ﬁ%ﬁﬁ‘? k\g\ " ¥he directions
comridhigh tedoviaahé @lehﬁglpl\li‘&@trwfo‘hétﬁ%ﬁ Ritderebg %ggdlﬁééﬁt'xw reducing

reduci ng depl oynent costs. descri bed abov

depldysnémtgeosisst em 30 in this aspect enabl es the user to
nove to the position of the target. The hom ng system

30 will calculate a set of |ikely positions of the

s oo BEREY B0y IS LPERERIT I SEHL AR e DB g o move
e B
positipas bf tht argehEl had grbeideodiragicigbehe hBér @ecifying an efficient

[ ndependent positioning capability or not. For tthe
search gatenfdiereye crokd heysprsified in aor@swmaoéteams. da;tepdmgenn the

oo TR ALl SR B ks e
indep! @HHbﬁt I}E’SSﬁBﬁﬁ%;tt ?‘Abﬁitmr%dt bPehd YA re 3t Bl %tmgeﬁieélce

direction | nove or I nstance an ar

does Isorecaniralegendent pd:rs{tmﬂlr%rtdl}ﬂa@ﬂﬁbl Fddins@hcd Q‘EI@ﬁ%cew rer), the
receiver to detect current dlrectlon of novenent

directivms f@r tlae tpery the icthing stevive .’%{Uctcoﬂdﬂqeqa'leke;nta@ dahpbj r @sthe form

¢ eg er m)vesf wever , aE npler alternative 1s
ofar ?%e e oy iyhigh to meye f%ﬂﬁﬁ@@ﬁ@ BB BTV OB Acdedsealso

relying" ?tst%%ta%(%h% 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

- Inan 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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the user step by step in terns of |ocal |andmarks such
as street nanes etc. The user could be asked to
orient the device with respect to a particular street.
MBIy 25 system 30 woul d rely on the uSECTIAU2004/660983
i ndi cate when a particular step had been conpl et ed.
This woul d be suitable for instance for people using
the homing system in an area where they were famli ar
with the | ocal geography. One such application could
Ha]l st ' one' s hone.for ,a .
permiBe BN o B b, SR Bl B for tBvice for
occadip@k biep Watidauche@diRg aAcROsdit | oni ng capability in
the 30 "honi ng devi ce woul'd enable the cost of the
hom ng device to be nuch | ower and 13 WO 2005/ 009020
PCT/ AU 2004/ 000983 perhaps nore in accord with the
Turnigg pophie thiegrenagéo 9? Eigaped whichapcliudes alldbe elandngs of the first
cgas) onal ol i cat.ion such as. finding a | ost pet.
aspedl i %m%fb%ﬁ? e R ‘%B‘éﬁ'a%i?%eﬁ‘ful:ﬁegu‘i”g%? TRREICRY FRratlaed
R e O S s Rreh S ne SPRRE S he PEerC iR g, The
homifg systsn B0 rgntuse thisrwldispas iaforneitm!  $hEfMer of ways. In
attributes as the target device 10. The hom ng system
partigalat drenabestthie hoanisigtsysresh 30 né onoret from a searchwidids obbperation
to g thay s, Iquga ticular it enables the hom ng system 30
ca tf?ﬁfﬁ%%/g‘ gn dhaereate spHficignt copemar seriadicastepered gy the
- [ Jclept co n_obseryvatj.on .
hom B8 A Ead e nihs RO Gaf M0 B AL calculation
of thd Rilgtite PEktiDes BPER KaMihHHAN & ot a@%egairpﬂl!egﬁfegéhceocﬁf
the relative positions of the Wom ng and tardet
comnmlen inveke errars, Heis pnellenaenofe acarmRromsieadbnh @f She tlhGve
enabl es a nore accurate conputation of the relative

positiggsithan pepaTREHY selsutading thedaratinraef g tatgetlandaidmingfevices
and %iggiﬁtn?{rgg%}eggglﬁggfg%%%w C@ﬁp@%%ﬂ?i?é%{% nt%xi’pggostipigns using
comn?&? bbi208tibRe 1% %Qtﬁ@mﬂjsoﬁﬁg&v th8Mvdmidh &et?nteusrcgné)rfio of

hi s aspect of the Invention*in the scenario o

Figurgi2gUnadditiém tati pdentikDfdrRecRelce tEirabvéRbnBERHEBANY to
i mprovenent, the ability to conputée relative position
compgite eadative peginira dmntlyrreet a ofmobyeseat atficbesrvatiahk enablee the
. systemto operate even in unsynchronised radio
systemdp ahekate i ERATHSER "u}qrp@edt 1@@1%@, getweyks without requiring the use

- , i Si i d thi I .
of ps g B e R SH T s 0T rett syl e can
operat@URECtRRIMAIHh feRFdH M D1k Raning 1NEEASE nbYA B P RS AR and

. systems of the prior art, for example as that described in US Patent No. 6,529,165,

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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systens of the prior art, for exanple as that

described in US Patent No. 6,529, 165. This aspect of
woheosinment i on coul d al so operate if the targepcpad2diiBoovss

hom ng device were equipped with GPS receivers

wher eby the GPS signal observations fromthe 25 target

and hom ng devices are provided to the hom ng system

(Note that the GPS receivers are being used to report

o AR P RB RS aE Rent RSl el e Beigould alo

i Tt i i d.b i i t :
be R SRR NE 000 ARSI HGF- P e g 8BSk Pl poin
all theRelcagndiRiteat e thEPRLaRTe PBARI MBI S HeNR1dBIR S vigation

positioning system 30 14 WD 21115/009020

infor PATIOAUR OO DORDRB tAthedhsmirssdelvinset h ref erence to the
first aspect above, the hom ng systemcould al so be
desi gned to have the signal observations communi cat ed

0 inte diate point,., all the calcul ations done
A furgferiRatit BE Pt el Btht is Bareneion et Feres 4o the homing
. DA i i i i ca t . hom . .
devi§ 0 ASAYR B LACTRL BRI RSB IoT L of rcic
channide far theitsigen detica tipatsuter ThiRenABIRItRI hofBM¥E GS st 58 to

send a data nessage to the target device 10 spetifying
focusghe sr¢assramhentagsourcehah el Brgerdadie Moyete telibeigals that can
n}%ggur e,, Thi.s enapl % %he hom ng system 30 to focus
be hegig by hreinn leyics slitberebytingrcasing thedegerd efecarpmemality in
L i ' ] an 10 be heard by the hom ng
the tv egﬁ%@%s?(%g’?gkserﬁggéggsi ng the degree of commonality
in the two resulting sets of observations.

Al ternatively, the hom ng system 30 could instruct the
Alterhaginaly theorsngGysenmeasonkl irshecs #wehahgpaisyvias 2ar6 measure
bei ng measur eg by target device 10, and being reported
the sape signali@niang bey@rasrITedhycinessislaviceal s enddeing reported to

. Vi, Si for the target device to indicate the radio
homupr%%(/\%(?il%(':hannel paraneters to the hom ng devi ce,

enabling that device to detect the signals. These

channel paraneters could include frequency, tinmeslot,
Thereseouldngsmbe wyrkv Btee s tRO thgicbtel dené iddiosteaRd raQ@REnetwork

The advant age of a nmechani sm whereby the hom ng device
channg] pasansterrdadhe boming divaemlenablims tat detideytotdrettahgsignals.

dfzvi ce is t_h?t t he CCTI‘(?C}I of . )
These Clianriel pararneters could include requency, 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 systemn.

-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 2
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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‘This rgl%%ive e}

these neasurenents in positional terns increases

rapidly as the hom ng device closes on the target

wevigesopr ovi di ng an extra, highly accurate sqGeuRlsmooess
I d

posi tional information, enabling even nore rapi
convergence of the hom ng system 25 O course this
facility will be much nore easily inplenented in radio

networks where there is no dupl ex separation between
termnal transmt and receive frequency bands.
Exanpl es include a UMIS network operating in TDD node

A e g R BB PSS, AP SRR s
ante@@id tf@%cﬁ%ﬂ\g"d&riﬁéﬁﬁ%gést w)(’hél% &hﬁ%g%gbggb%%\:ga&%n was possible

useful. 15 WG 2005/'009020 PCT.
between thetargepdevenend thd hohiisg depre theodiksbthe ifdindcdritégna

L= . . .

a direction finding antenna in the homng device. In

could kg sisedvire p staridred ofag tyfacilprispmyeryi mpidasnpagshbe en the target.
between the target device and the hom ng device, the
direction finding antenna 5 could be used in a

In ths EanRda a.fachl i e api onyver.genc
T R b e e bl Ko inbaR R 008 RE BEREA e

direcabib@al foffearUatzdthehenl IRiGher@iHatabmeht Fchﬁu's 9%5&%‘? {s possible.
signal fromthe target, then a further enhancenent %o

The enhiascerspecassusngsdbst bbih the Theniephdandenend ths alrgesdétiad is able
both the homi ng device and the target device is able

to mepguygtheggamddrimdmedarthe samg Bl Srellus infesrsdion ®TSI be sent to

This_jn tion. coyld be sent to _hom ng system 30
homifi g3l 88 6t GiFo e v oyl et et TAD s See oA . (@f course
it wilPBs BB erstdodv R4 4 o VLG8
e o R A A 1S B TB s pgonat
abilities nif tige tidviagee vahcd betHetaged: it Sow@REmidh el Ak Aokiifg device by
hom ng device by a standard communi cations neans
a stardarg coBNBynicabiens means (pgsSMS) ethen itvsrpossiltle threrals out the

range.fromt he. hqm ng _device to the target, the hom ng

range (EORCBelPRING SOOI BFSATS eiEningngeviet tq He eangen BTS,
' ' I Q. . the thr .

anc AL &0 SOMDR R e Lok B YOI b T 5 rree sices
of a ti@kde Ao Adfiglent atfoAhatiofab A kd B ARULRPRNT 104485 W surement

position of the hom ng device is known. This
whentbaposidivent! thedoming ¢grdw Beranvnalidb wiespeshbhododd vot

ut d%es rovide the relative |location of the target.

: p : . ] .
PTOVI‘E@ ar@Pgoluge REpifioN fge it wepprevtidertharelative lociticoaydhe target.

ur cg as the hom r}_& d%v.i ce . . .
ation measuremertt will 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
provided 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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noves closer to the target. The relative | ocation can
be used in a simlar fashion to the direction funding
WaRIEYINE200 i ndicate the rel ative angl e to thePCaRgetnL/000983
(and also the range). In order to use this relative
angle information, the User will need to be provided
with an orientation, for exanple by a conpass or by
asking the user to 25 align the hom ng device with a
' reet., A i gul ar_exanpl e, of .this aspect
5. TIREE EREH B aRlie R ey IR BV Sk 8 Erbpibaety i and o
targel eleWRick WP 4 k0 |
R N e e A A
devides gue ebie tdepichtsgad siagrie e afobilemelphent elkapbdne. 3fote that
network | which includes a nunber of geographically
althogigbpbe $d§s BT8st and Szre gypigaliyn donBdin®d20:0% 00 8020bile telephone

PCT/.AU2004/ 000983 5. There coul d be re or fewer ,
“em’%%sl. 15 APQYTS €L FQIEPIREHL Ahe agditgé{gg@omngm&cafrtbetmobﬂe

' i L aa it ' 2 N, thi .
i o T S L i
homiggtaaldvﬂa@qétr@xﬁ@i TRid Sl@RRBECOHRE MO e a dho > &shfervice

1

though the BTSs 2, 3, 4 and 5 are typically
(SM>¢ onstlaerdeda pachiangk proeambbirppoited phhoecbvosk iatikstahce a
i sgcggn in order. to represent the additional .
PaCch,%ﬁ‘ﬁ AESCHNIHECHEY] 6 Viceshpposite hietlworetwiosljui Treghoming
y revide a ¢ nications facility bet n the .
devicg it Beai-Par GLPT ALGRE A0 Mon e ekt g T BiG t daviee 10,

traveRire Qitler TRSRRAY 81 $8Y 3URE otHePMNRINOEf t?ﬁﬁh%rorg ata exchange
protocol supported by the network for I'nstance a

packet based data conmunication service supported by

the network. The hom 2& 10 device is in the possession
The mginglegentsqy thh doming sericeCtarefshnwtt indFigarebt Itdaviuvces a

10 travellin ither.on ot or.via sone gther neans
standfft pyopiElaph e ittt enbr wOBLE tFlED RGN ReCikon 24 that has

: Lgyr c a andard . :

been &Rl T DAt g e Erch demahTa i e B6AERBEE: pcluding
receividdatgvarlevél? ahbaimiias fdbtikeenaaphantafntl BLAHTIQhat it can

make, upon demand, accurate measurenents including
detect withiv e neigimturhegd| Thaadcuriny mgsh frdrich Hee lecende asdble to
chapnels of. all BTSs that it can detect within its
measyS R S SRR ST RO L ey TR RO Y2 sapsrarpents as
; of ' L stimngs .s.9f the order )
speci( , AR BBPTE KR RO B S e o syt
(phas@PREX¥adlicofakshelssiotSIr i RRefRon,” Cﬂ'x&@ic&ﬁ? hk%b?mcorporated by
+); radi

t el econmruni cati on system 20 (phase
referenceantie ssiasuranehirrepertsivenyldafhdetihediniidieidebYifying the BTS

corresipggggrf)gotroaéaec% Ig%/:asurement. 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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ref erence. The nmeasurenent reports woul d include

information identifying the BTS corresponding to each
witemstvenment . For a GSM network for instance, tgi .

woul d be either the full Cell Id or alternat iﬂ?g?‘?/”zt“i%‘é“"“”"

Short-1d. The receiver also provides the capability

to optionally perform neasurenents on a specified |ist

of radio charnels. 25 These channel s could be

pecified in a nmessage received fromthe hom ng device
foundig fBoRHs IFlcR SRS I aT IR deldse Frd v pludes display, 24
e ta e —r.eceiver could be in agcord )
capa RS b Bt TS e Hissligh ip el asstattd o wever it
ouRYSiRTte 8WohvasichPedh ! ; EMrmati
v uEn}lsilance(él- Gbserved Tierreggélk ?@én?gt%%&%. rmation to the user.
It shbltleramadtiedethyt theenapdiidplaptvanddeunthlomespathah digital map
. purpose. The hom ng device 30 20 al so includes a
displgee@d eala ﬁané@%gmpg’mﬁl éfreen. prasoedisgly tiB3maputisplas coald also
b Q%E_m)nlng_ 17 WD .2005/ 009020, PCT/ AU2004/ 000983 found in
€ USEHEP IS BY QH?’%H'B .fﬁ%@ﬂw@#\%gm&é\ﬁ%b ag G| agravgpdicating compass

incl ' ' resentin na
s AR <t NSO R G o
25. 5 ORI 19A5 &1 BOBY Sl € Biat 5 ion; icli

qui gancepéiﬂr?f oPmat ion to t ﬁe@ﬁ%ﬁ? Cﬁlt&gﬁgﬁ?ﬁgﬁﬁgﬁﬁagdand cost
effectiteimplesneretpticins fhisycomopt beuldpiaieatesh dsspaadt@bé abtionally

) Irgéﬁ 5 displayed on a standard graphical screen.
orienjectentgedthi Vlt%{\ﬁésﬁ‘ﬁﬁ taithe gy @lignad svith preusenth regardless of

vev other. information t.o,the user uch as an aryow
e o B OB e R R Bl e
blgheRER i 1iBgs fGv a ;
oS ERERE (e SRS LS O bR CORAS S,
irrespeotist pcodtation ity deiivg by theRisker. allle BOfting b fetd1¥ includes a

i mpl enentati on. This conpass woul d enabl e”a map
man @pehpingyintesfase (YPiloHesudh asaconinendye gradded it inyobild telephones
hicll §sp&ct toth% %ro_und _alilgn.e with true north -
whicl ghdhics Beuss fo PRECHRILE TRER BHOTTE PR chnearaing@e Likely mobility
ofther’ch%t_‘%févﬁ e device. Such a conpass would also enable

relative bearing indications for the target to be

presented consistently irrespective of rotation of

the device by the user. The homing device al so
The miaie leledeenta of s targehdereice b erd stasvih bh Fid)re?® IS uohtadss a

co Ly provided in nobile tel ephones 15 which
Sfand@ﬁﬁggwoﬂg’élettﬁﬂépb%? trgsapittodal 2 pobijedelaphiooeracdiver, 12, that has

T Y TR T
the hobhB §efce b6 aRQARI0BSssBr 36.

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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standard nobile tel ephone transmtter, 11, a nobile
t el ephone receiver, 12, that has 20 optl onal |y been
WHBHISHUE0 i n a sinilar fashion to the nobile tBCBBMHE00983

receiver 22 in the hom ng device 20 and a processor

36. The steps used in the nethod for the hom ng device

20 to find the target device are shown in Figure 7.

25 Detect Movenent The Honi ng Devi ce processor 23

betwb&EbBEert thghzgﬂ'[a%e%)t t\r'\/%ctﬁkf\égﬁ?cht tﬂﬁgégﬁﬁr enﬁﬁhg %Stistical test to

received signal tinings an

deterobise iy ek O S) sighERGHE @i@aﬂlgé 1P ench@imedit ;8 ﬁ\é‘cé&?ecf K& Yt‘?é method
12. The Hom ng Devi ce processor 23 can deternmne if

wouldheroreedyist stepViteplap InteroaptiRugite’sicibetveish b apgamesehe target is

. kbejm top those .30 skilled in the art. For exanple it
effeciayRly gtatiapeE Angdigoes iaihs neerty eilulatepdds Altemptively if the

user 3&2\%/ hqqgltn%od%:c% %?‘L{) g'éel'ocﬁggcgé}qqg@%\ﬁen OQ %ggt\é% 1’:6) Qhould freat
the t=3b&d dSHEC B ad SdtiohRry, ?ﬁé Hthd§ t\ycfulzigﬁ!r? g ﬁ}izacatl%uiatet RS .d.f. which

sPgni fi cant change. rmvement I's dete
is thersed i of thevenardh @ura)leged to step "D splay Intercept
Route", otherwi se it assunes the target is

effectively stationary and goes to the next step to
if the 5 user of_the

I Ld.f, Al
Calﬂ‘f‘.%%ﬁﬁcéjrgaft Z‘O@é&of&eﬂaﬂg%gg& Wi L{fcm&thm% wﬁﬁ@a& 9@1&1@&%
measéx%rﬁél‘&g rﬁlq)é"ltl rtﬁ@ a&g&l{@e\ 19&5 Q%t Ip ﬁl 1‘(1:(2(%‘«?]02{( 2‘:‘:’ %5’ iy Ogﬁ%{

art dt -t he catcul
offsetk ard heowhahi c@tﬁldt thed seangih gleateg d&stibEl ?ﬁ %TcpPg'ieBt
The hom ng system 30 will receive timng and signa

6,529, §ﬁ5 Bhgrry the heddustendard), thenit idypodsilg et caleulate ank@timate of
oni sed or the offsets are

X H;n?e net wor K ts S ncg1
the tak%{f‘& ViEP ARy BRechn e g meeagBeDEnide daing darowm
e, S0 820y e L1 LS, S TS AN pampe
rnethdcﬁﬁﬁ&{ oflo &8aP @é 1@&1@1@% %ulchﬁe 'ﬁ'qgﬁi @cgcalculab? the error

measur eneént s. ing known net hods, I S posSI
elhps%s asmnnmgt thet ﬂmderfrorsfare Ghssposirtd ﬂ)féz ﬁ;%'iﬂﬂﬁb@uat’f&ﬁs can be
a 15 nethod with only a small comput ati on

lmeal‘}% d‘eﬁb Eht%lfrblé PesttpTy @f Watergeateviced erk proreekctipse sechnique -

osltion

o SYOAR e BB o T SRS B BE 2R 50
o 1 368, Gy ALop AR, Bl K R W

i nvolve the u
Proces#ing Wiaghaina) 15(an8k-Ba, 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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Boashash - The bootstrap and its application in signal
processing, | EEE Signal 20 Processing Magazi ne,
WIBT0L3P62076, January 1998, the contents of whighrk Sra04/000983
hereby incorporated by reference. This could involve

a techni que such as sel ecting random quartuplets of
common tim ng observations fromthe set of al

avai | abl e observations. Each quartuplet can be used

o calcul ate a unigue posiiion estimate. The sanple

i .
makpe SRS ege hde e tAIAPIa s Hgllabrepdie Ralolf Mathar and
Schetldieak] .16k target device. 25 position _

chelifiegel Wa o B Ble bORULE 8 TG B RS e « Sonutan
radiPOsEy &I IPRE Thrk/@Rstiodichy e/ SaNk e BRI b b &Siry 1997

If the network is nét synechr on?i sed (thﬁlﬁLﬁ%gsfel’%bﬁ?ﬂ} 1997,
the contanitonf wititngredidreby snarponated kiyaeferent ) ETRISAPBE of method is

strength nmeasurenents can be used to nake a | ess
comigeply eferreditp gaad -1 v Nagovarkijeaswteniene Resslits (INMR)

. Sever al t.,hqds are described in the open literature
posi YRk dneos G onUpo and peTy Mg oaBEataRA Ran also be

dSHCRIEAs YLERERNE r anple Martin Hell ebrandt,
nee RudoICf Mat haﬁ%gmt gﬁ%%enbogen Mar kus - Estimating

position and velocity of nobiles il-i a cellular

radi o network, |EEE Transactions on Vehicul ar
An exagp hlvodloyyalgosithin &t ilay hebsadhto/cal@97te theh@ueORMER ALSY be
di of ich are hereby incorporated by reference. This

lscutsqﬁﬁj: of method is comonly referred to as a Cell-1D

or Network Measurenent Results (NI AR) positioning

nmet hod. Error . ellipses and a nodified bootstrap mnethod
This £2Bri@uSUERIopsESedreh ¢ah&uh : ' | Sai indi

cgse. An exarpl e of ;1_n al go?ldlt]fe"’ilftrtr]ﬁ?l hagtr_ggrggy'lﬁmgﬂté‘,ged?%dfmwlg
the tacgétc (Mtat @im béthelperitihlis foReheratddratieaHasRek thEhSimum
al gorithmdevel ops a search route in a particul ar
EXPECF@S tane toning thiytargein Dhe falldving is e hewratigetgorTthen dhatshould
ithmis to generate a route that has the

of , t.he al.gqr
| appr%chitﬁ'lfrﬂabj é}b"éect ed time to find the target. The

f ol [y ' .55 ith . d .
o1 AR RN L BLORK | MR ABG, Bt .0

appr oac I'S objectiVeé:

gendbatiee RcepfioRabihd tayrae MBide¥ af &R Sl indbLy éfR«nrgyéJr th)é? cdiPbe done.

fs

the location of the target. There are a -nu
ways thi Ovanpperatbneculd be to calculate the covariance matrix for the

measurements [J"V-1711 where V is the covariance matrix of the
observations. If the errors are 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.

20



w

10

20

One approach would be to cal cul ate the covari ance

matrix for the neasurenents where Vi s the covariance
WRLOPTY9H the 20 observations. |f the errors ®CE/AU2004000983

gaussi an, then the standard equation for a

mul ti-di mensional gaussian p.d.f. can be used. In

this case the contours of constant probability wll

be el lipses. The covariance matrix approach assunes

t hat o, reo

Al termar e oSSR AR LS Pt g that vertice. The

assumapfacent rexidio cus be defihsd hiapphiigber &SRAPS | bﬁgvdoﬂld comm of a
order_to generate an estimate of the p.d.f. Once t

p. d. ﬁunw@@%@n efehiaeeh. Bdvexantpde pf thefregiranomy had parallel
overl a i on of

reet of the re
i ntef h‘??é‘f@?apﬁé msitgs Rg?ﬂlaﬁ'ldowﬁr% myftres\agart, tean the

o BHSE M i e LT RRITLES o BBRRp meres

edgewillateatadeon i Sade r@kﬁ@ba@ Hefres #h O
2005/ 01191} 21} PCT/ AU20041000983 over t adj acent

r egi Bhe pnobledehas nowssiegrefingd edabiding ¥ rbatd eﬂéhg a set of vertices
verti ce The adjacent region can be Yefined i n°
numb@id eflgeRmyith @tprﬂbélr'lbt\c asrsgrwd tf earh elgel Bhip prcbblem

of the arne For .ex he re |on only had
paraqrg}ul?gg%és ?LHE?CP%I@IKﬁ)E} @atpladh $®ig, and were 50
netres apart, then the 5 integration region for each
edge (street) would be a rectangle 50 netres w de,

This agrtt eftherhdihgéyseah prafiiiet 080 BIH 8snt B folfie pecker that
probl em has now been reflnedtoflndlng a route along

will rgswgin e shartest exspecied tistgeslpcatietthe gangeab®hé birddedure just
ned.t a d This problem fornulation is
descrgiﬁ%'lt‘gd‘“?% “glﬁ%ﬂ Sc}é‘? @eéﬁt Mloxgmans ébﬁﬂxdetfmlmsgl@m@mem In the
Y or__an icient route fo

case HlEe A AErH b EMER Y80 Yor BBt e reckio tfhe rate at

whicl tHeetak t| 1@qatneome tr@e gely sibherdeQ s :
descn%e d is used when theS Detrea?% ’ql\}g%g{rlr-e&lnute“ at the system

would beabld teedetnd theveoeahent and Herefoas & xh@ﬂﬁilﬁpera*te WORR the non-
novenent is detected, consideration nust be given to

MOViREEa%eat ¢ at 15 which the target 10 is noving. For very
slowrates, it is unlikely that the system

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
circumnstance, 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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woul d be able to detect the novenent and therefore it

woul d operate as for the non- noving case. In the

Ve Ri0Rt the data indicate that the target igemRyHobgnnness
(and therefore at sone 20 speed) it is no |onger

possible to offer a route for the seeker that wl|
converge with the target. This is because it cannot be

assumed that the velocity of the target will remain
uar ant ee conver gence,

constant and al so, because t
comis STEER Spi & RETEE SriBe Bl io orimanve drasking arocessing
f , , tapgel -4 et hing the hom ng
then B P ol B R R BB (o comput e such a
route. Therefore in this 25 circunstance, the hom ng
~systemw Il informthe seeker that the target has been
Dispdey Eonttel Basedemtieind.faredculatddepretviaunstprio s phaaiblato determine a
detailed search route, will offer a sinple route that
routg g@(ﬂé“’ lovigit ghe most likelyyioratiens efrtheftazges firsty ged thamprogressively

movk i el b8 ARG, S SHA e TP ad A B would s

' t 1 1 Gl . "
T e PRar ™t AR (A S0 P 91 BbisBHE Shipkes, having
regatdGt/ th2Q0tr A Q0 I83steaste s TRl oued aifblmatibATBulPLE A%played on the
target for the systemto commence tracking processirmg
map ﬁt@&a‘ﬂi’é dpbehonongwsyice, Be. houivld edsoducpraiided yo the user by
) D@I\el a%iﬂRoute Based on the p.d.f. calcul ated

textugy @y 4 RRESSaEES s possible to deternmine a 5 route

that will visit the nost likely | ocations of the

target first, and then progressively nove to | ess and
Filtet ©SeriadtRing WIGHHRORomAnS ERIR RABDLE (RE B aBons can be

route would start at the nost probable position, anglél
filter¢dhesingoymethibdviinat ot foenioviemelt] Spaksiltehaxidgell known to

regard to the pattern of the streets. This route
those; ﬁkﬁhﬁdnﬁt iherpré o sanpipdpthe Kalroan fiker. Whis fiterp@provddes a

e e T i B 2. 8
targe@é%&altd, AN bg\vﬂﬂegéed E?IE %ﬂﬂﬁé{‘lﬁsﬂfo\ﬂ &€nal cg%e\ét%?kwa% 080 account

observations can [tered using a net

the dedsionnhadé ot tieoDenrNbovSutdhiistdy Ebcedhi@oWhk mEROWA ot fhe target
those skilled in the art. An exanple is the Kal ndn -

- devicgj Wlailst cbiydng ot ghis stppp toy iishs ofitheShomires devige, 81065 assumed

estimate of the timn nd_ signal strength. The

to be BERGOG SRS MsateeliBrd b tugste, 10, can be
filtered in a simlar fashion, in this case taking
i nto account

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 lthe 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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goncer I ning the nobility.- of the target device.
“Wf"f"é‘i‘“‘gﬁrryl ng out this step, the user, of tRETAYAIHYHN9S3

device, 20 is assuned to be progressing along the
route defined in this step. .20 If the hom ng device
20 has an i ndependent positioning capability then the
absolute positions inferred by the relative position

not RIhERRESn AR iRSo YRR SR etI g'hE %‘gobﬂﬁ@ etpi%\é'oﬁfed {5‘?(\/ (& number

over a wide area, this s rove accuracy

of fotihe Thsulmhphgt wesld patks weZ&t@aH@M at &g}f’ r@%b@fﬂv&één the filtered
Metric The cal cul ati on of the proximty metric wl
eStlH@ﬁ@%/Oﬁ ‘rmmumgiénd Sigzel saengisfrom ﬂi@écﬁf[ﬁs ddrate 20 end the filtered

estinffB W T s s %\?Eggggé?iwngﬂgle%{s§§¥g§§tl823@55@% by Eée?nﬁnwber of
BTSsiRHRE {.r? tn?n&% ! g’fa Q&%quggw tdﬁaﬁ? ﬁgg)éggt?tgg tgg estimates

a par

of théouanmm@@fém éﬁh@%s@ﬁ*ﬁ%ﬁslo then the neasurenents
by the hom ng device of that BTS would 22 WD

2005/ 009020 PCT/ AU2004/0 00083 not be included in the
ommon subset. The proximty netric could take a
Morei icagsrd yesisiass of Rhissnepiceue pessibie. tiéortmam]degﬂﬂil\élﬁ equal to

e g T e PRt e e e ST e e
wel ﬁ@g siﬁ'&? OF IS Ltlé?l%g 4 N?SJI '\f\‘lﬂl?%@%&) b?égggﬁq?%éy%mgpnﬁ?r

strength fromthe target

functimnBIEIS. iThetriver-lineaadiomenos Wasal. ber'Eﬁ)séﬁ‘t& mdr@e%u\(\gk’flz‘édu e the
take into account the estimates of the variabifTity o F

size of femetrie e thebrenbar PHRESs btte inemnsioncated: mersicensSuch a
For exanple, if Nis

bl
f“mlé’&déf’“fdog‘a%‘[]e b{ﬁ@? ‘3189518%@ haged g thy D@@mplm@mnon that
t 0 d
as thesll[kﬁrgxrﬂgs‘acj%@ ?ﬁg@f dé’\'fﬂéﬁd%‘nr&%g k%oosgg ?% %%c}}\’\%t'hgr J$%re§r§9ngeaqmolv

likelynortekddd €ige sarthe®gckon of N. The non-linear function
woul d be chosen to increasingly reduce the size of

the nmetric as the nunber of BTSs in the in-comZon
subset, i ncreases. Such a function would be N2. This

I the RO iRaEEES cHas Bintahe tafgebéw:@a 40 pnénbm@mgm ice 20
are Cl(?S% tE’ I'égF]E 8%&9‘[;1’%?[(1&1% %?‘l:&&ld g(\{“!i tggrfﬁ @6\03 or g% gvttﬁ@ use of the

ey afe incr ea
Cowﬁ@mcﬁl@itferencmg step atherwise 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 sjtuation, 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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If the proximty netric indicates that the target
device 10 and the hom ng device 20 are close to each
W8 HeFadien the nethod woul d enter tracking ngge ]
the use of the Comon Mode Differencing step R85
ot herw se the nmet hod would use the filter 20
observations step. Use Conmmon Mode Differencing Once
it is determ ned that the hom ng device 20 and target
10 are close to each other, then it becones

._devic
using She ppervR O O MccFs il g ienl & Upiagonieh i aunuen subset.
for

-1 TS ] in rt to the possibilit
T BAF OPERE Byf h0400k s PRESHSR hhuf e o
osifi@R @etirAes. GRlEPIBLYR! i VR ddieS L8tk 0g 4t 9 .
P Slrlrul ti E)l;t h biases. | n@t hg'}%gg\%ﬂ{%s'}ﬁ%% ?Z{A %(%\C/agf’%{ate@dlredly
whiohetalragsjuitee sidiBed rosabef of ne@é &M tafiiehis he rel ative
position in such a situation, some of which would be

applicable to this situation. The sinplest nethod is
estimates using the

to gontinuousl| K ositjio
Becas%%é}wmg ?‘%éﬁ”?’ﬂﬁ%feﬁém&ﬂ@ &8/t BRI Qyiide Ritpgre acherade relative
: i i 0- et. . Simlarly a )
PO A Ao g e M M DR Ao b bt determined
routeP?@RAAGROOAL ARCOEh UEhEE ke ﬁﬁﬁ@ét\é@tﬁgoﬂ‘% rrefa@igf]etl{g@ati from the
target device 10 using only the in-conmon subset. “he
homing| daviigetpibei taiget desicealltd atcetifiby séedd digedHons vealdbe

. .. difference between the two position estinmates.
indicafedeom e wapydisplayr ¥ Gee Fegirssi)t pogiveansbediabr uisanbdues via

i+ ect ich can.require a snaller pupber of,

the MUUTREL Vot Rihec b el Filpaian the dlrection could be
~diefifiarieARE BY4 sS; ' - curate . .

pret 1r el ati vgﬁb gogisﬁtgl?le é‘?gﬁ %1‘;6& ﬁgenl,%agﬁcgg%lg%‘r“ v geentationis

adjustads ammcrti‘a? tootharaldon behBinprietHe t&iolt A8Fice 1OURA theRientation
follow a direction or new route indicated by the

of thehoming devise dispday ¢ otthenémehoni ng device to the
target device. This nodified set of directions could
be 10, indicated on the nmap display, 24 (see Figure

S i 1Ol Gl I lbsual .cues via . the MM 26.
The PR peipy B o8 £ s A i Bt T Fpihor e
rogrééd @CihetbraRid dehge 20V RRANERa iR MBv I imity
P D_i ndi cat or oﬁ@t he map di spl ay,1 \M%o%ré o?%tér}?a?f%”‘r‘?@s‘r&m“
metriaitjdisated thadbe diongng aletvie ared did M@g&t&ﬂﬂié&a&@itr&%ing, then the
targegii device 10 and the orientation of the homng
user cgi\h r%qtgcﬁ, |bggk tther predefippdwgoute (or a suitably modified 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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15 The proximty nmetric can be re-cal cul ated at
suitable intervals to nonitor the progress of the
WRIMHYIHEvi ce 20 towards the target device 10PCTfAlzINg/000983
proximty netric indicates that the hom ng device and
the target device are diverging, then the user can be
directed back to the predefined route (or a suitably
nodi fied version of 20 the predefined route), and the
i iLter bservalions _step, . .
n oFHEIC of ROOWEREGRE 114 De LORHIatA Y g Cint e i Fn o Rlgtail.
target and hom ng device are converging, then the
nmet hod continues with this current step. As the hom ng
1t is abeviree 25t ROthctbrtiomieg devieppl and bhé hecbalWRAvEL¥ECE
10, an audi bl e or visual_ indication of the estimted
obseadions @esqcnten avith tyen. Suppasehat shetel are besubselvofdibesd that are
t user.. hi,s _process nt.i nues, the relatiyve o
shard ikt Smi huhnfe S35 &8 MightBei gy aleidathnd timing
o r : | Vi .
e ROt e AR ] alRE RTBTL P e BT gmichy have
signadettehjigh amed ’flﬁdn% n&eNseMehRdos PRl And38cdid WIS, Accordingly,
2005/ 009020 PCT/ AU2004/ 000983 An exanpl e of how the '
the obgssvatiemnfdyehe Srsurat dohd Biifarednsionenes. iSuppse there are N
detail, It is assuned {hat both_the hom ng device 20
obseryAHODR I PPN 1lgeaiedhg target sV inperrepast plgesvations as xir =
«  aSSQC| £ e Suppose that there are subset )
(ér- SFAGE WL P bl SNET s RRRSRG DOER iR P B rign) where ©
denotélevdn@posd0 m ght have signal strength and tim ng
nmeasurenents for the first, second, and third BTS,
whil st the target 10 m ght have signal strength and
iy . 1§ i.rst _and second BTS. )
I e e A S S st ol R U P oiation equation for
the Tsge owvtahldBdS are hi - conmon. Suppose there are N
observations in conmon. Denote the target's N
i n-common observat i onsT as (€T €40 (sT~; , STlv) and (1)

wherf% @;g ?QQJIIW%Q\}g S\f:’:%ﬁ%}lgte% Rge%po%%?igée 1\F/ L IQ%E‘E%]%E |apxd Itnlrl_ilg; g offset
(6). ThOTRSIFuR@IONC 8- Anpst the phahBel Wayt &Jecﬁé‘ bBset é?x%ﬁs,tcp?rg %‘églm()n

other, an observation equation for the Target wou
mode qmors feomiper jorpptlz the homing device and target), s is the noise 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(xg)+d+ny ' (2)

where xy is the parameter vector of the homing device, ny are the noise compounents

-associated with the homing device that are not in-common with the target. Denote the offset

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

The most common way to estimate the offset is as follows

Sr= g - ) = g (glxp)+d+nr)-g” (g(Xu)+d+ny) (3)
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(1) where xT = (XTilfTrT)' is a paranmeter vector
denoting the (xif) position and timng offset W The
WP Wnct i on, g() maps the. parameter vect arettQudohSoooess
observations, d are cormon node errors (comon to

both the honing device and target), TTT is the noise
conponents associated with the target that are not

i n-common with the hom ng device. Note that for 20

certain location nethods, it nmay not be necessary to
include the ¢ paraneter (e.g. systens relying only on

Howevegrhls dobs angllindinatSitd donfithyin nfode efba, m&gd&%\ﬂo‘g BrovWe oradual
can wit (xH) +d+nH (2) 25 where XH is th

CO“"ﬂ&F%Fr?él“éﬁefPé%‘-‘%or of the hom ng device, 71H are t he
noi se conmponents associated wth the hom ng device
that are not in-comon with the target. Denote the

Instea, itsepropostdveenictize: thowthg Maviiees;and the Target as
30 The nost comon way to

dxe~i,6. & = XT - XH
eﬁ‘i“n’é&é'éwx’féfa@réfnrg(‘a@ﬂsm ows 9x '(CT.) - g 1(CN) (4)
g '(g( T)+d+jaT)-31(S(1YH +d+nH) (3) 25 WD 2005/ 009020

PCT/ AU2004/ 1101983 However, this does not elimnate

whergt hés mmmmabdbdm’@mfonst;olﬁﬂdsmé g1s §i9RSachOthe R HEmode errors are
on the target. 5 Instead, it is

el ROINSLASNES o0 Lhe Lorgete & Tnet el L e
appxoac}gs_'lu)sefﬁl whal hd htchlobndafiverse rﬁglngc g %@E? Cd%ﬁh 5&’ are

, then we have, using stan eren
-georretry, t hat 6C JLX, where 6, denotes a small

rvatl .0ns J is the Jacobi an
If the %‘“ e %‘F‘%‘LR& BBV UHAS Plande e erpatia Eeom eyt
functl on. Using this approach, the common node errors
are elimnated. There is no general solution to
finding the function K -hbwever the followi ng 10 (%)
approach is useful when no such general inverse '
function can be identified. 15
where ¢ denotes a small change in the observations, and J is the Jacobian matrix given by

[ = GuXp,. . Xn) (6)
&y
The general solution to this equation can be written as
o -
0x ~Jt((-Cy), (7
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 8¢ is not small, because observation equations are linear

in e.

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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(4) (5) [flu - ¢c~~ ? (6) 20 dx _Jt(ST Sx) The general
solution to this equation can be witten as 25 where
WQ 24050826t es t he Moore-Penrose | nverse. |n theCT/ASRNN4/000983

where equation 5 is overdeterm ned, equation 7

represents the | east squares solution. 30 (7) These

equations hold even if 5s is not snmall, because

observation equations are linear in s. It should be

; ' f 0 Lvations are . .

obser5Hs b e BodiyL BhsENBhs &7 ARRER Bherdiieh e iysgiwo radio

termi@ARMH @weldr, @0HYs tAJE R rd BRIHIS TS ufl e ?alrc‘?fme%rs (6x, by,
a in

and the BTS's are not synchronised, then, not e
00), st)SniRatheed irNcomfdi2BT 36 areBkquaed WOsaPRSHERYRREDN 5 (except in
PCT/ A112004/ M)983 observations of five common base
certaig geormisicalreniispgedonrachiasalleha BT Ss being wolinadio
term nals. However, in this case there are only three
unknown paraneters (&, by, bP, so only three

In orc%ég'tﬁ %ggmrt]@g@%t?cfr??ﬂrig %éc%gsatrgl’coc’ ALy aé %ngn?ag%to% g‘BFCf?C%@OH of

xcept | ertain geonetric conf i
the hahing feviBd SThizeldg reR HavBeab padtitiladli d@Eufle 8Y &h HBLS
equation 7, it is necessary t0 have anh estimte of the
practicaldasiaonesthe farebloninatyid evietaiveThirsedsieis-erntotsnitdVerrbs in the
cularly accurate as_in many practical

.__be ti
EStm?ﬁ‘%s"c&g{\% b@?mflﬁ deyicechirsaiiont g estimpiq eftatiast yn equation 7 can be
| ASEDSLE] L enrors. in the estimte of the
succeid DS ot e Bnind RS mbveeFonsf 0 ¥t eler i

equation 7 can be 10 successively refined as the
hom ng devi ce noves closer to the target. An exanple
of an algorithmthat devel ops a search route in a
parHaic lar region, with the aimof finding the target
An expape of g slgarbes thed dlexelapsfa semecharayde in hparsculer 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 observatiqns, 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 assmmes 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.. Bootstrapping is a standard

approach used in the prior art.

27



1

]

=
93]

25

30

15 generate a route that has the m ni num expected tine
to find the target. The following is a heuristic

W) Yoriionin t hat shoul d approach this objective.pQa@fnino09ss

'gg At %B-%Sﬁﬁﬁ%ﬁ ryedghenrthapi &

Based on the observations, generate a probability
density function (p.d.f.) for the location of the
target. There are a nunber of ways this can be done:
One approach would be to cal culate the covari ance
rix for r ement [J'V—4J%.1 where V is the
gan e eypslagiedgpyo a street

ar Sel.an,. stlandard equation for the .

m eF R sisha ke IRSRTaltn TR ania Sher i eptpes amd
c t he t 2 L] ' .
SR AR B eRABL PLAR LR Wil Mg i b
t heereicenr Boragarh dapes ritagratk tHer edbihiard of N &l &k nRé k¥R cent

approach, that does not nake this assunptionis to
usEeHIO RS 3P ngsigasamebrhigity ho dnatarertice. Femedatentamgion can

oo TBFe Dl Mot Doty oBb izt 6 3 madapertion of the
P 4 ] deri
{riseh, FEPOCLRPRPT Inhatioh AP bardIRY rBSENMEE Walg dogp metres

t Hengegndedé 50 M ek &Sdparl tRBS HY Mt M aSiofBR oM RraadiRbdee
of vertices and edges, with the stfeets cgrrespondl ng-

t dsedee svould et sheectarige S8 chétorsswindd, leebiged verihe ceeet, GO 1000
each edge, integrate the estimate of p.d.f. over the
ad}‘%’%@%&’“&“regi on in order to assign a probability to

that vertice. The adjacent region can be defined in a
nunber of ways but woul d consist of a sinple portion

« OFTHNS b8 Tuas TR %é@:@éffrié%t@t %g%@g? 1&% gkéﬁ'%%g%e of vertices

parallel roads that were

SQnaesdees, wixiy 4 probidtehtyt iisicnotiaslcath @Rghk TheRihas & ARR the
edge (street) would bé a rectangle 50 netres w de,
cémichdrash thatenéningiees theraipeoed dit@noetales: fodfivgd thefaeget. This

rob] em has now been refined to finding a route al on
gP§8{PIE‘8? fc{fg}ﬂaglgg 1s suited to analysis by methgods of graph theor%-“. Fora
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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and edges, with a probability assigned to each edge.

The aimis to find the search path that m nimses the
WEXHELUA di st ance taken to find the target. TRCEALB004/000983

problem fornulation is suited to anal ysis by nethods

of graph theory. For a small nunber of roads, the

probl em can be sol ved using sinple enuneration, for

| ar ger nunber of roads, nore efficient nmethods are

n 15 t

o Er PR TR0 bef SBRRRORE L R e, T8 ¢ g pgarest

seaeehiat has auop- Lo ProbAlsiliseahehc it BRie S8MRolL the
closest street in thé search area. + Move to the

closest intersection. + At the intersection choose the

street which has the hi %hest probability. Continue
¢ dblrornsg, taisedgarithm will fereninale as s sebieissarchier hahéound the

@g%gé i s not 25 | ocated, assign a zero probability
0 section of street that has just been searched,

as the target is clearly not in that street. Continue
inthis way until the person has been found. In

This algotithim vsilk leate NESIMOVKS shift dedrdOgslebheat iy traen the most
searcher will reach an” 30 intersection with” all zero

probaflegiagat|is chesen( Hevdllsdsodid exdtavestives, eﬁrmbhaierﬁ@rﬂ&bﬂtt\ street
711132005/ 09020 PCT/ AU2004/ 000983 i ntersection have
WL PESPE4HG been searched). In this case, nove to the
nearest street that has a non-zero probability, and
continue as before. O course., this algorithmwl|

This dlgsiihaten 88 QPR Abdifed &ﬁ%@t@g e
target Thi s al ggrl thm N ill haveea rr%atl ve xﬁlh%ﬁﬁt?mlqm

tracklggaan@cﬂe t Omeg imiraakingwapge tthe rprobdﬂahﬂpét‘:trlbﬂﬁbﬂbhﬂ be

] i%e(; ks chosen. It wll _also be exhaustive, every
recalcy drbigE BBaBrIquny the pdded informagiens dheotibe pemDan’lcmg the

| C ified for the c
eaco kS o0 TRt B P LIS 38, WS e
inforohdraski ng node, the probability d| stribution can be
recal cul ated, taking into account the added :
i nformati on. Then the person doing the tracking wl]l
| y choose the nost probable street, in view of the
An exgt@g% pbths 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 enurmeration it can be seen that there are six possible search routes
(AB,CADC), (ABCDAC), (ACBADC), (ACBDACL, (AD,C,AB,C),

(AD,CB,AC). 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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in Figure 8 in which the concentric ellipses (401 to
WAAYSHWpesent contours of constant probabil i teerAit@aes000983

i nner nost ellipse 401 represents the highest

probability contour, the next |argest ellipse 402

represents a 20 | ower probability, and so on to the

outernost ellipse 404. The straight |ines represent

oagd > L hom.ng device 20 is starting the .
AR T R R B e B A TP i Teheatclgen sbpoint A
The &18n (®Sitrédtk&lidth g Ll i t Nt s,

@ P Gl A 4R BN 0P R FAIRERhE e STRBNAL O
Accordirgly th&etarchemvbald Be DisBuctddtd BideCashe tRY strebiphSl
. enuneration it can be seen that there are six possible
INtersRCAORH- iptragheds At AhB roin heGnpst proBabldalterGhtive is the arm

ACBADQO, (ACBDAOQGQ, (ADCAACQ, _

(CB{SY 5 Beigent e will s iedlsy hAKE atone Wl Ariantihiis

; hor. p time ks, (A.C B, A DC ‘
interfGRCRa i fREnBl AT RERLER st Rbl YR, so that
will Behgavéked nexd finglf QRAE 8¢ b y b e

R Lt bl e Th e tE B tpiectory was
(A_.C,%pﬁ@,ﬁ)gwht@ Isesinuple @hgonérahiontio thdi@te Xlamh hin§ 2Poge

the search starts at point AL The arm (or street)
expegfe ﬁeQII‘"rL tHPghest probability will be the one

connection (A, C. Accordingly the searcher would be

instructed to nove along this street until
This dRHSPIREREY ' ched |3 R D Lie most.
e pr tcl)lglggl eajalg{b g%néa%e;dg%i S t%%ﬁgart'ﬁ:ﬂo?b!ﬂ% %D nglgm R lies in

trackisgarafrEn asshinelthat heteuedestaito abPYmhiad OfM s i@tllcking mode.
unti] the intersection Ais reached. At this point

Accordiaglyp the praspiapliB nsevealongd A(B). DNGso ashate thitlak thesearcher
traversed, so comnpleting a search_of the whol e area.
aPProfResCa e Prea GBrBESF Wasacking erenans! cplculatesamby p.d.f. for
J, R eAL ] he poute that mnimzes the .
the tag&éggi‘cét%eegl sear ?#}1&? ﬁ?r%%aﬁl?ﬁrgd e %%Walcgéqcebeulﬁ’fé’&e this
inforzh&tiche FRNL ialLhidBet bRsHAHBR! fok AR drfs r@gKi
Agai n assune thggBl t&e seé?@hos?g?rt%gﬁrﬁggqaﬁktlik,(e%éqggm'
Accordggliynthe sekihreg wibideove Abogy then @, D, A} fien s @arkRemtl I0f this arm,

rme{e al ﬁn% ( AhC) . Now assune that as the searcher
the searcher will ther choose the (A,B,C) arm, so completing an exhaustive 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

happened 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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approaches C, the system changes to tracki ng node and
calculates a new p.d.f. for 15 the target, based on
WORPEYWE 2P on gat hered from the horni ng devi ce. PSUBDRSE/A00983
this information results in a higher probability for
(C, DA armthan the (CB ,A) arm Accordingly, the
searcher will nove along the (C, D,A) arm At the end
of this arm the searcher will then choose the (A B, O
ol et o 1S Ve, N .
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In this case it is best to follow the target device 10
and the hemingtdavdée. and wait until the target device has
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the hamping dgides cam prdaice isprtalle paeerrelatedherrionsy vthieswgnalitbstrvations
d_inpr. second .aspect , takes ant age of

and ot PR el B e PO A R rismi A ey L SRk levice has
ind¥P¥RAGNT S6siBonicAbELARP!; 14109 20 Ry TRR
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the homuivigrdpvideeishnoving. dethedtorthing Hevied i@ -calRher hvBRIDES and -

i ndependent ‘
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

envirorunent.
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15 neasurenents of the signal attributes that are

WSk ndomy due to processes such as fast
aoii’n/g(gmgg conbi ning these in a standard way, R{énU284/000983

a Kalman filter, the hom ng device can reduce
spatially uncorrelated errors in the signa
observations and achieve nore accurate relative
position neasurenents. |If the hom ng device has an
The folttepizrdentaResisl 108 EomecapRRii tlamplds dTHBARRIRAGo Bf this idea
average the estimates while 20. the horning device is
but shypildgiot be inteeptesed ayadeuifpehemsies lisvef tha piisgiblar ea
. nd therefore a wi de range of slow fading conditions
“np@ﬁ54§§ﬁﬁ%cy of the averaged estimates wll inprove
The context is where both the hom ng device 20 and the
target 10 are capable of 25 nmaki ng signa
It isQRERN Y HisRSrisH BoSvddIe, Roptgsdevice 20 will be
nmoving in order to converge on the |ocation of the
t ailyet , whether lthe basevhtienoprasisnilileyelt Or Hohingk or
average _the observations it isS making in order to
deét eas€hether éhg bemding devine 20drsargedependenisedahyof easuring
random.yari ations in the observations that occur in -
the mOHITEOTEMN 0 environment. O 31 VIO 2005/ 009020
PCT/ AU2004/ 000983 The fol |l owi ng paragraphs give sone
concrete exanples of the application of this idea but
Assushofitsd tRathdRiriod @Fibs b & RIS DERRL ¥l
t he possible i°n’p| enment agﬁgﬁgt% It e?s us@%%rlatlgérel%th only
and thiasthelyenity detinedd doct ewt passess anheidgrenide@t positioning means.
ﬁbservat'qns are s%gnal | evel s or timngs mhther t he
The glgoxithynsieingarsed taaliresh theewengidavicadfriswar dstiesiar getgire
' ition. 10 Ass first that hom devi ce 20 and
opert BR PG LRRIAd FoR TeroJhateing PamganosAly okt akeruation
suffetdi®h P EHEsE GiHRYd i ndependent
e O e T I 5 B ORE These

modds iretidd berehaipargnaieviscacRin@uer dscdiel patdsts @%:%nent which
_operating on the received signal |evels,” using sone

variendgesrdingfosy thematare efnthetarmironsndrte i thdybsdres ®f any other

nal tﬂ?leafte t he o%rtﬁel aunched fromthe BTS antennas.

. Si

mforqlﬁgglé, mutial values se parameters 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 (smali 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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15 nodel s include several paraneters including the

: Aol path | oss exponent which varies dependi

“gﬁmfﬁgﬂﬁgture of the environment. In the abseﬁggg%?a”mmm83
any other information, the initial values of these
paranmeters woul d be set to sone typical val ue,
representing for instance the vicinity around the

strongest cell. As successive observations are nade,

are lltl he Uerbglm ated mvbile sealdhingpyorasa tasbyo the Ishaghevevice to the

ct; 2%%scal e). and fast (small scale) fadin he

Sal‘“es%’%ﬂ% b e tgget Heswch wpvyenmesds, dp paamtaltar for ageals @h@natmg

fromm%%ée?lg%'ﬁl@ isgé{lﬁlgs %ﬁ‘ba%]%t Itg?ggg\gowgg l"@@ egglganag:aﬂgng ﬁaﬂ eristics
r d

r USROS DS L MO ORI e

scaledadingovhith axbepger inBtanebdeie tBeAMRAIINR:BRS: BOsh tl%ﬂ HQO be

devi ce 20. By observing the degree of variation,

correped Ghberge goriustates ahdistgnret gréwer tarek0oh. Iﬂnaddmon to
inits

% gondj n ranmeters for random variation,

est mﬁ@ﬁ‘& 5 ‘“‘W“Hgﬁgﬁ ﬁllsfrfaagom PipvRaters. tharlspaitihme aﬂf&r@}m to defect
e uk PR By BRLANAS AP R MIBHRIRE s PR, oy
filteri@gttheabesh Hﬁ@lﬁé wialewBl 1, ox@é}rh Bks0aRE, ngh lFfeocgrrEﬁuce the

nodel for reception by t target since
randarheyriatiens wecly ceatreon bhfh fheleehd Ihood 1akes kedléar

propagation 30 conditions. This simlarity may ar| se

for instance if both hom ng and target devices 3'' WD

o LRI I ARS8
facilitfe The@ da@ tbef tR8 Mol ?%?&m@feéé be, Lahost doh® ppie! uaaelllgentlv

environnents, in parti r signal s originati
becauﬁ,e iris [:msszblﬁetlol diBTiSywich en Iaﬁf’extént%&mrb@r@ PhSRAMBR %hahﬁﬁs ona
rop Z%atl on characteristics are dom nated by the

small éf-alé &t fagvinganchthose aeths linger bealei bi frict by aSiabysing | y
scal e, f adi whi ch, ari ses for i nstance due

Obser{’%lﬁmaf’ra&e ?‘6 %Wﬁg‘?" FaoaRbei? partisatlacenty élrl%lh@mung device
t ter t.h
20 b A0 SR BRSO e

to thapedlRrigties targétie a&éo@k@[vb adbed 16 matt CeN Bh&TTt is E\B%lble to have
underlying "mean' signal Tevel which reflects

a mor@ b@a{lbrdﬁﬁ@rmmpﬁgatlm m@yel abial Hasis fog prédicihgehy An@Setween
i nqt{wn over g %ge area, it is possible to
e tal}c@&ﬁ‘&@ HEOTERTHRIb A HFIhEE iDREOV#NER 1ot gan be abloieled using

the m%%ﬁn%i@ﬁk Eoéi@l% cgf?ﬁats gal Sglat é\doet\/}/ﬂ %%Jgng nat Fg%?atiens can be

VCG

done 1ABH &f&UNVRY,. F&Cﬁ‘l'statrbée, JdR %mﬁ{?ﬁer tie aFRlda? motion of the

paranet ers ‘can now be done nore 1 n I‘gent

- 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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foﬁ‘%ﬁ(@ the randomvariations on a 15 small scale
Pad) ng) and those on the | arger scal e. IHTHAE004/000983

by anal ysing observations as the hom ng device 20

approaches a particular cell, the hom ng device 20
can conpute a relatively tight nodel for the variation
in signal level versus range to that cell. If the

betwiadhq@llsifér RlsthdeRPPhishAguId ﬁiﬁ‘i/c%lt H‘Rar déJ]%E O‘P gllll!lltl}.‘gﬁ'p]r{ the

is possible to have a nore locally t&fl
vichpijopad shérefmmetableabeachaspender redia &h@@loblﬁﬁiu&@s"\&@ations to
between 20 the target and the conmon cell. A further
be W%W@éﬁtatﬁlﬁatf’ﬁc‘aﬁhﬁbe atghiadvledngdi mgasudement, the fact that the
nis that the filtering

ndepend ition informati
homygt GRES B 0ds BRFboRanesnoe & o ¢ Horetd tesdbe vorige cﬁ@prvanom
, ct tion
to b AR orish ir g B PR RSl e fIg R B EO] ey Rale
mult@fahldndllar et 2aONEOS desisi wal Me i‘éﬁk@ﬁe the random
variations that are not position related. 25 Now
assurre that the hom ng device 20 is nmeasuring signal

imngs rather than (or in addition to) signal
MO"%@ 1€ qaRe fHege é@%b@% fiericAgs alsa hasa ndspendanbpesitioning

T e e
occutbh tﬂﬁé'hﬁa'ﬂ@%g% ‘?L@tto PRSI a%’ A4 RABhat (?:gup aing larlgﬁr scale

devi ce 20 woul 30 be able‘as It noves obser
(mordéifebetcodriscadii@td DILDSI). thewhs Md@sePih cfﬁmghhismeﬁﬁmdel
WD 2005/ 009020 PCT/ AU2004/ 4100983 bet ween cells fo
adaPF1ﬁ§t Hiecdpserthe howingdleving Hameveh o &eagmegetc(ﬁs dateirlrpmd] from
in the ,vicinit nd t her.efore enable t

the cunmL SBREFVAGONSy e TRTE Fe a@r@mqt?WSthé@e@deléﬂ%theotarget can

h t
lso RERIHEIAGIABRRORNLIE Sk el il [N S NBLEALE SAIAL with the
qlgnaﬂ bisehytH @saDNR MAMERbRHWoE %{d?&@eﬁﬂ %Bbl%nhhﬁwf&hﬂhﬂ&n enables

observations 5 to be averaged on a w der scale
the filtacteenwiragffehtvely lsepatatothd Watatmtshingirain @ﬁﬁhg from the motion
mul ti path and | arger scale NLOS errors wi be
of the heydieg dextsgi Ao hore abis: randeenly ﬁeomanuhgoeub\amdé\!n@s

therefy S ST L ORI oo ey

variations that 10 occur on the snall scal e (due to
mul ti path) and those that occur on the |arger scale
An alerhntive ekodifrenamilecdibe desdik&) in Whidbghel i GRSGevice, 20, is

with the signal |evel nodel adaption, the closer’ the
modifiedita graeidiedhe zapailitss faralir¢ns recepgion ¢mgnss ermsméded by the
transm1t?er, 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. It 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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the conmon observations), the nore the paraneters in

; for the target can also be tuned u3| n
\\Egliﬁo ﬂ‘gg gat hered by the homing device 20. /qtllzl"“'”"00983

the 15 signal strength case, the avail abi I|ty of
I ndependent positional information, enables the
filter to nore effectively separate the variations in
timng arising fromthe notion of the hom ng device

obtalzOolzsed 4 thersseofathie sigigdsf aadarited be lﬂhé‘f’s&rgétp@éxhc@@ INK&Ru1d be
t her eby achieving a nore accurate estifmate of the
noted ¢hafafcT therpHposes ohdesdriting hisvidtcendiodi erehodishént, ftdwassumed

o BTG R S P S 20, T
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not thedadd, ﬁdqﬁh R&ecéﬁiﬁr@&pﬁé‘bﬁﬂ?@ B PEbOR 1R, ﬂ%%&mg

include transmitter 21, ‘recefver process
receiveip 2di spl ay 24, conpass 25 and 1\41\4| 26, all the
conponents of the standard hom ng 25 device (Figure

In addition an upllnk receiver, 27, is provided

The IP[Q%‘H}F?(H’ etplf ?lgegﬁa é?/ia 0??@%5?,1%{ 12);5’1"1 %QEJg%ngll 2;?;1{15@5 the first
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nobi |l e network, 1, information pertaining to its own~
with pew sieRSs Qaéwlaﬁecﬁlga&xlrﬁgretrtgh ddetradiral Dhaotieh Finding,. In general

MM S T
T
the plfﬂ;iilglgzgﬁgﬁic ?Elﬁ;flbléﬁ IP?%T%B? 4 o ? ‘s‘é%ﬂﬁg}g 61'1‘8%’11& Sj-netnc

usmcdbmﬁdﬁkorfal eineehoeabaretseras ef distarget deviecaanihakidig ia
add;tsepagf I ink band receiver. Cearl y for networks

WRdrdhe r?t rvbﬁ§°§mﬁ‘é‘t‘ qbferdises. YWhen t@pmrnkeasenéﬁ; irohe

oSBT R 05 B 8 stk
for a HaGRQILPERL Sf Eﬁ@ GP'ElghF td {Wa?g%tgof h e H&ﬁ%ﬁ&ucg 90 then

frrst four, and | ast step e previ
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the Calculate Proximty Metric and the Conmon
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anst PORERSHBR LS SR PSS L0 Epnding Ly gereral

incorr@SARIABERIH th quLe 7 di ffer| ng only

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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in the way in which the tracking stage is inplenented.
“g[g (p}aat‘i cular, instead of using the proximty netric
ik o1 tod previously, it conputes a different PCT/AU2004/000983
proximty metric 15 using the additional direct
nmeasurenents of the target device transm ssions in
addition to the other in-conmmon observations. Wen the
processor, 23, in the hom ng device 20 deci des that

rodeb€ thRTa& it b i fJrC
P smal | for %}gcwg‘h&%?%%’?i??%@%o%‘ie?f%é{# déll %‘%tq E%%E t't the
follaveinggiaragraptrhdedatibengprrie o elee 2Bk he ivhieBhOdstekRenation could be

directional antenna 28 to obtain a direct neasurenent
madgf the bearing to 20 the target 10. The honing device

processor 23 does not use the directional antenna

until it has a strong indication of |ine of sight,

: Y] L, ' ive_ an, i.ncorrect . . .
Itis REBITREEE thdish il pob Pl e b FHATE msnsions deghe
receividlsighdlieh@elopee TR stAiMRs of PhiRdHagBhowder ddienffon whether

hearing 25 (LOB) neasurenents fromit, are not
therqyisreeling 0f/sigbebetiwaentthe ttavendttes aad rbcgval I8 Hght i, lekBpnvelope
. path between honing device 20 and target. This is
v aﬁ%@éb‘@&gs tpwardyhBidan disgebvtanarhereas hotierapsaeee obsia a path

re. i to have,travelled via.so i, ndirect path ,

the v ey Blesur e R é BURER A S0 R OB cifre o dhethoming
devidd 8] e et ;

o e Eeaeda ey ArEoiR g int £l g hopging
procetstvehan ttese wharffitieat bBlense fidiRlNe bAvAIBps eAdiabl & ARk of sicht

incorporates it into the homng 35 \VO 8005/ 089020 ©
path.pByy aAwigdeband epaess fpr ecasple thhilBMTEDDtpdioadadss network,

B LSS 20 A 5L T e o e
' i j I d 5 1t Jis.yell
ouppyehotag el SV ABTBR LIRS o TSRS Adalih

inforit@tioatis QailaBle iR ehe ERGRIMECHHR 1ANAINCIMELOPE had BEme knowledge
statistics of this variation howevér depend on et her ©

of the pewer leyehlikelyeodfe tsamghitteet e e tahgett ndagdiiriiethedi@rage
.receiver. If there is, the envelope variation tends

receiyeshwignal lgve & tha hamingidaviceo) wmeé cemputimgtanpatiblsenpeediction

, f C ath_ .the multi h.gives . .rise . to_a Rayleigh

would e el RalrnatseFoR B ieufed R A1 rgteo devi co
20 coul d observe the fading pattern and only use the
LOB in the hom ng process when there is sufficient

In theestisd evlege fthe hividiag eleveleap ablead Mdaffre dhé HRG Of 2313 bf 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 js
communicated to the homing device by a standard communications means (e.g.
SMBS), 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 BT3. 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
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path. For a wi deband system for exanple the UMIS TDD

Jadi ess network, further evidence of the
“'g)\?g';'ﬁﬂ?%ﬁ ity of a line of sight path could beP5BtAipfd09s3

fromthe output of a correlator, show ng the del ay
profile of the channel. Additional 15 information is
avail able in the event that the hom ng device 20 has
some knowl edge of the power level likely to be
closet t@Hsdmat gerd Thie reheivedbgetion Mrabeibedint heirANSf RGRion to the
~ received signal level at the hom ng device 20 and
directiondutding aatqatartolindirape B reldtore angde kal ther evgeteand also the
furt her indiq(;%ﬁtg’ on_on the |ikelihood of a LCS Path. 20
rangg IppEdeniodsiHiir ety qang iR dnigsmacen; theldser wil peedtn be
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providi bl e @b i iellekille Bl it By 4B % eer to
alignPR8 fbllife dethe WwihaNsaMRlarasRepes that both the
hom ng deévice and the target device is able to
measure the round trip tine to the sanme BTS. If the
. timng advance of the target is communicated to the
This fEmagye evibedimpnavwill tabd deserihas mamicondetmildns firéher,
5.S then it is possible to work out the range
de&jﬁ?ﬁﬁ&%&@”ﬂSﬁ?ﬁﬂeH%vice to the target; the honing
device to the common BTS, and the range of the target
device to the comon BTS. This provides the three
SignaliSifshgdh Metrid Ih@Iumbly Getfibd’s u@ihii el QUERLTOR & to tune to
make a radial -radial |ocation measurenent. This
the rafbashanged i uge by thetaygebiediee armnsabiget, U eThebbtring device
u oes provide t relative |l ocation of the

. fix, .but d
uplmfﬁss?q“é r ol U6 TePRE 1N R iR FNRHST AR FR AReagure the received

: i L3N I m ng devi mpves 36 WO .
s 28 e P T B I P A a5 20 Mt
on thd BErrERl RlhRiskREASGWEr T¥R1 BEHS A Hedi® tm,s@ﬁit{?ﬁ'i! aR

to the direction finding antenna to indicate the
homingHavice 80aag detdrminkehe degeate dfantbralasiontifghe paftgfbm the target
er to,use this relative angle infornmation, the User

d
10 to e Fransmitter o Then, YsiieR p geifallierempiricel mastehtit om estmate the
range S e B AT e oS 2ot b ange o
the ta?eét en 'Ev%tds\é%fear@ﬂ%gﬁ%sﬂ&iﬁxeﬁ?%é?ﬁt dRsald \Qf%?lé :[c;gtt Hﬁ%&nge

tail by further “describing the two new s

- betweBnghahoBting gt freMeid tacgdh & themhnige davbe estsmiRld Bking timing

receiver, 27, is able to tune to .the radi o channel in
measuregenys, then sutlye rangs/meesurearntivwilldve preferrdtido tloararge
jver 27 can us ans. well known in

mferrgcﬁgo(éﬁi@%gg#t?gqéﬁc BT RENg gp g 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 determining 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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signal strength and tinme of arrival. If the hom ng
device 20 has current information on the current

vid #shdeas) on power |evel of the target device
transmtter 11, the 15 honing device 20 can deteVAY{&+000983

the degree of attenuation in the path fromthe target
10 to the transmtter. Then, using a suitable
enpirical nodel, it can estimate the range to the
target 10. If the hom ng device 20 has a neans of
the otbashiand thd retriangtcites tiidieht abgghe Hvie 98t 9bt Aose to the
timng nmeasurenent, then it shoul d work out the range
targefatanieen theretheonethp dipwdceed sivthedfilggrtobse fvatmsrsange can
be estimated using timng 20 neasurenents, then such a

range neasurenment will be preferred to the range
. i - 0d: ' ) Wb N . ysi t hod
Dixecp ARSI TReP PP EBop HOAS B0 il 87 = e

strer@OBEthRatd R dWlaBR! hABLRSsdBhE 1815 PGlR c%?x%é@l&*lgted from the
range. In either case (signal strengtfror tine o

timeaf ainyedl)-, the homing device 20 can then use 25 the
cal cul ated range as a netric for detern ning whet her
the target device 10 was nearby. There are a nunber of

. in ich +.his could be ne. e.sinple way is, )
signf Y Geb DR J1ok Rt Ber gl SPuldbuiicR @Bnane ler, Via an audic,
Db b B 0 QM. eyvice .
et AR PORRION: th{ o5 HERaIHE ARRIEY B o e
trackitgyireeleldn this ibele, teatitsceiousBaniendh 08! BSwiRdedtiig
hom ng device is in close proximty to the target 3

path géthedeomingdericesratdiver, Bt Apsvadf arFagdibde 8r gorshital ihfiation of
i rectjo i ndi.ng step. |f on 37 WD 2005/009020 5
rang e RGO ATOOOSE G Reie PRaHiforfe thedisce. Inneanes that has
. y hce I.S. not clo tq the .tarqget )
been Y985 e, AT B3y RC NS 1078kl Ak 258K
the rigRBe¥ALh&N Hish8BnalAHEStd, AR NI b g o i o
st airecdibnaldrtand, M ﬁsf"ii’fg‘sﬁ*?“?“%%ﬁé ange
indicatiore ngthesist theatieedtionavahirdiviien ranek. the megatedriiridfesan this
range can be calcul ated fromthe ime of arrival:

mod dhe sprgehdt is N, TR Ehe s gryindreasesalrorecadisdst threshold

the si I
d igna

8 A5 ) B e e i
_ threst LHESLI®Be fa%mﬁghg%ﬁféﬁdcﬁa{ %ll*[efhorill%ct 5@&‘2}%&5 .QI@ é@é’m ?«%ﬂ elerglose to the

this node, _ rectiona anterfha _ (
targef dévicd D@ isivdiieh cageahb nddthbAef hﬁ@hﬁ@rr&%ﬂﬂe@hﬁodﬁ@it%@éuld

22. As well an audi ble or graphical indication.o
revert to the filter observations step.

‘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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30

range (as derived fromsignal strength) is provided to

ngﬁ(ﬁk}gjg‘gz In a manner that has been descri bed often
SYe 1M the prior art, the User rotates thePR&HiUAYH/000983

device with the rigidly attached directional antenna,
and by paying attention to the range 15 indication,
nmoves in the direction of m nimumrange. The nethod
continues in this node until the target 10 is found,
compitatioa. The g?ﬂi&&[@%ﬁ&i@@%t 8artlBS kipldel 668 MU an example
(which mght be different fromthe initiation
wherery lghenfiyrcernat effisenis oy the histetasb diomd bt @s hodidle
cqoul d pe an indication_that the hom ng device 20 is no

subsripgrer Mcprrexampiende elfirgemighibeteckag iv apprshendsestolen
venid DBy TR, Blort SR o PRI vl i cae

Fev
targe@V@hii i iy AL YAl LA L] .
s AN B 48t i 3 4
systenet@triake angcatiumptiohsabeut didebbiby cFhs uked a‘}l[cf’(ﬁir{goirt‘ to

is then used in a sinmilar fashion as is described™in
deternpae thahom tblrsiDpf therabseivagions. By epntrasttih thehefficangas

dn%t.rig used as th_e%aq{?xi mty nmetric. A further aspect
FESPRYITREC PRVEMTBERCY €1 FRE BISovFdmont 4 sehicleecragiorionting iee
; ' i . | t.he system 30 of the
sy ARt BB B G R 2kl Bmates o
absolatdot rdabe pbilfioniRhd RerePitleth SRAPHENRBEHCH Althe scene of the
constraints in the conputation of relative 30 position

accidemt. uti ons to be tightened, thereby increasing the
accuracy of the 38 WO 2005/ 009020 PCT/ AU2004/ 000953

conmput ation. The application of this aspect can be

: r exa e where . aw enf r cenent .
The iR B0 EATIARATSATRIG o FUEH EHECH T Al fot Anding a
mobiRURERS tRalifal (HBrAS i8%ANP NN ReTTg Aoy .

seeking to aap('pl;r ehe él a g@otﬁgﬁttngggﬁofélagﬁblfﬁgwgﬁgrgg%lionth%)snbecause

it canatibicfinid éhd asgetlihete possente pf rultipethy e &ldtiohNit §9hSle to find
case the 5 target would be likely to be noving and the

- the tapgqtig spses Wherammarfiar bderfarenie anrgor sigsnbobsairatitoe redyce the

S [ about t mobi l ity of the user allowing it
b5 34 FBechiils é@ﬁ@?{mgﬁe PrREhe! oneniiomab ksahoaeyeiss can no
lonceBYpeutrast if the officer was responding to an

© engr gency call fromthe victimof a vehicle crash,

forcing the systemto treat the target as stationary

coul d enable nore accurate estinmates of 10 absol ute or
Compagecdhte exispng iradiorwming sysermss sueh as [Dog), therivensioniiyable, in

., .at t f}e scene of the. accident.
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

39



10

15

-2
[#7]

The invention described herein provides a nore
effective capability for finding a nobile radio
Wosdg/m@bze( homng in on it) than the prior art. i .
Bbl 6 Lo 4o thi s becauce 15 1t can Sti1l find FeaAUBbsmoms
target in the presence of nultipath. In addition, it
is able to find the target in cases where near-far
interference and/or s final obscuration reduce the
nunber of detectable signals to the point that
repressRbainsadhe esaatdighibaionanistt die eveplurde Foogsrapde, one could
.£.0..exi st ng, radi omn stens ,such as
use R IRARE Bt Sufiosn PR LB DI S Sepresrammers or
monledtPLPeNl Sl idpbi | e cel lul ar tel ephones without
requiring any hardmare nodi fications, and is able to
find such term nals even in chall engi ng suburban and
urban areas. 25 Wiile the above description contains

The ipgipgtiepeoild be innplemérged ishowlote sstedns sucloas Trugsbsiton as an
imtations_on the scope of the invention, but rather

J 1
appligation, add,qadn thiscaes. $he smeieeresiipainesy stam swwidhe instructed

d | ations ak.e ossh bl e wi t.hin, .
to myiRiEe B ALOES f e Bk POReRNE PR G 8 eipiring device.
Thes@hfRghidrhbNisReRSId theR %%sb@%g{@c&t&al)siie%ttﬂg r803te system in a

likely formfor 30 representing the error -
similali manhbubs dre prafersbd enttedipene ol atddd thhalovotthehser of the homing
.Suitabl e 39 WD 2005/ 009020 PCT/ AU2004/ 000983
devicedpmaewemtatiiedgsmstalt he error distribution night be
enpl oyed. For exanple, one could use a Cunul ative
Di stribution Function (CDF) or sinply selected
: ' b A e dhe
The R ST donra PR e Pl el sl sty Buuch g E-OTD
as anapplicae@oadtlican lashigRase B hrfodlileQBratth] A thd Rofith$ device and
case, the renote positioning systemwould be
the mohde terpniadl in thevakgettw oidgbevrssurctnd i sepott thedr timiget
nobile termnal, and_the hom ng device. . These
measyRenacHa fe Areniielide 1 iere meagyeameRtsaveeld than beiptecessed at the

. r. q-p i si.dlar ner as .th )
conted B A5 RSN D BITEDA SRARSERAR b e s of the
homiR®BEMe 14V iEaelierARKE t0 the termnal. The

invention could also be inplenented in

sel f-positioning systems such as E-OID as an

application add on. In this case, the nobile term nal
The exa¢t ppaueiyIS of grepsindde gieferred 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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the nobile termnal in the target woul d be instructed

ngt“ﬁﬁ&'% their timng 15 neasurenents to a ce
Site. es

e neasurenments woul d then be pr ocesgga"*&tz""4/"""983
the central site in a simlar manner as the preferred
enbodi nent to allow the user of the homng device to
nmove to the termnal. The exact sequence of steps in
the preferred and alternative enbodi nent could be 20

THEVGL A& StOEBEN ING HFHB NMENTIONA REN®S 8tfiggbwdror

exanple with multi-tasking system sone of the steps

could be performed in parallel. The systemcan al so

>r;grovli dt}e aerfor mance, of Assisted GPS systens. For

e rod Iy Bifsriing Rectkaiger @RERY Hie Memar taduiing the steps of
contain AGPS receivers, then the AGPS 25 tim ngs can

be used in a simlar fashi on to the observations

deapr i bedking dlteor Rioet 8bE&YRAROHIRAtd TNt ﬁ{eetﬁfé‘élt jtarget

i nvention has significant advantages to the exi

ways ofolserratigpnish andn nobile termnals. '0 40 WO

20051009020 PCT/ AU2004/ 000983 THE CLAI M5 DEFI NI NG THE
ENTI SOeRRm ST moe toded on, tha ometdratoferbsdirv iansendh

seeker t t hod .i ncl udi ng the steps of:
2Ty et ERES idiPuTEhe of vid sasier Hyedrgebabsary ptions.
the target (target observations); and (b) generating

a route based on the one or nore observati ons and

esA hmahed aetordinglicstlaind Uti-BaeiRthd RRoANE a3 dIPFBminal and the
target observations. 10 2. A nethod according to 11

1 tagest @btert/h@om%@r@etadncssgnahpmm@em nal and the
target observations are radio signal paraneters. 3. A
nmet hod according to cl ai m 2 vvherei n the one or nore

t@{gfetﬂggg \ the radio term

AR PRI S TRASID e O REMoPs Lkt rgations
ﬁﬁf@ntaall’egﬁith@bﬁéfc\/@ﬁrﬂﬁﬁ are made by a device

external fo the radio terminal. 5. A method according

to claim2 wherein the one or nore target observations

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

are made by a device external to the radio terminal.
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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10.

11,

13.

14.

16.

20 are made by both the radio term nal and a device
“;t?) ‘erngl to the radio termnal. 6. A nethod according

o”%‘ﬁ}”?ﬁ‘fe of clains 4 or 5 wherein the devi c@®CT/AU2004/000983
external to the radio termnal is a base transceiver
station. 25 A nethod according to claim1 wherein the

one or nore target observations are nade within a

conmuni cati ons network. 41 WD 2005/ 009020

PC—IJZ( MQQ& 4’:19&9‘%%%% C éuﬂqt\bﬂgre"ﬁ‘f ﬁ? gétﬁ'ﬁa%e% ecrr &l (!p s‘ghbutlon 15

wherein the esti error strl utron 1s

c atalelateeldusifip ROmatiRl doseritkRe bAadhRBct@ristic of the target
characteristic of the target observations. 5

meelrredvatdook di ng to claim2 wherein, the esti mated
error distribution is calculated using a nethod
dependant on a characteristic of the environnent of

[ t accordin claiml,
e rhPoR AFRRIRG s TR Ip EEGimste Doty i Btion i
& f
}"%‘lﬁ?(ﬁ)ﬁd&%ﬁ%g?ﬁ%woﬂ &éﬁé‘!&%ﬁ?ﬁ% aﬁcgig?gétgggtg Hpﬂ'l Hibnment of
clthenadiodeemdhal. t he Iocatl on of t he seeker is known
and is a constraint on the setting of a route to the
target 15 12. A nethod according to claim7 wherein

B S R S
d .
TR0 AR L AW b 5 B AL 0811 B e

W th th@u@ﬁ}t@gdu{g@eeker observati ons) . 14. A net hod
according to claim™3 wherein the seeker nakes the one

or nore seeker observations. 25
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
(¢)  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

tfransmitted to the seeker.
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17.

19.

13
oo

[ ]
(%]

15. A nmethod according to claim 14 wherein errors in

ng&ﬁyﬂ%ﬂg@t observations and the seeker obseryﬁf/b%&“mmgm

are correlated. 16. A nmethod according to cla

wherein the target observations are 30 transmtted to
t he seeker. 42 WO 200.5/009020 PCT/ AU2004/ 000983 17. A
nmet hod according to claim 16 wherein the target
observations are transmtted to the seeker by the
radio termnal. 5 18. A nmethod according to claim15
wherein the seeker makes at |east one common

olfs BrsihPH acaiding theaimlgerhersdn the tapgdtabsarcoiodisrget o

cl.aim1 erein the seeker controls the observations
n’&ﬁaéqsﬂi‘}ﬁﬁﬁgortg%l???Hieép}fﬁ%ﬁﬁlra‘ihé’ tﬁ’&?iﬂﬁise commonal ity
between the target 10 observations and the seeker
observations, 20. A nethod according to claim 13

wheheithod Becdrait £t0anRh abeehdRatHHSscbRer ﬁx%ﬂgﬁhf‘ﬁaﬁ one
di stance between the seeker and the target thus

i gorraagn phserivetiononmim Had targetbet ween t he seeker
observations and the target observations. 15 21. A
nmet hod according to claim20 wherein once there exist

sufficle co n hseryat.i ons between t he seeker _
0 'E)&srélrev acgc? %ﬁcsor% ‘i%cga%:lé Sthespiy a“‘\fgg]&?fsc,onttﬁés %?‘Fe?ll’ﬁ?tﬂ"atlons
[ S ; e
e Bk A1 B9 PR L i e
r obsexrvhions aed thd hekeeekenrvh@ohdie target. 20 A net hod
according to claim2 wherein the one or nore target
observations include network term nal 1D, signal

h, and/ ts. 23. A nethod

st,rengt rotimn asur ene

2 BBF R T 0 G 1 it 7 BRtereRane GOKe Gretvsnigeigsis in

0 £ . region .
R e re SRR RO AR Bl GG emsing the
Acorirttatliae berddrttheGebkal ¢hsdy AMtRstind HRQarget observations.

t opographical map includes streets. 30" 25." A system

for inplenmenting the nethod according to any one of

_C.!{anlngﬁm]d ztac%ogé‘rihgé}cg 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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WO 2005/ 009020 PCT/ A U 2004/ 000983 26. An appar at us
far Jjnplementing the nmethod according to any one of
“9&3?’#@8‘}2" to 24. 5 27. A homi ng device for us&CTHAUZHE/000983
systemof claim24. 28. A nethod for directing a
seeker to a target, the nethod including the steps of,
(a) making one or nore observations associated wth
the target (target observations); and 10 (b)
generating a route based on the one or nore
observations and estimated error distributions of
26. t hesepparget fobiseplatdreing the methov a(ieofdﬂqglty ah0Galel FMSaims 1
of the target. 15 29. A method according to claim 28
wier’di n the seeker is first directed to the nost
likely location of the likely |ocations and then to
subsequent nost likely of the Ilikely locations. 30. A
N7 : ' ' rei.n fhe estimated
7. o SRR O e B S SR P s g
probability density function. 31. A nethod according
to claim 29 wherein the seeker has a position
28.  cdpatrthodyor dirdeting psedented tafgd, tienaethiodnatluding the steps of:
information to follow the route. 25 32. A nethod '
accor di(dy t anekiagmrErinerepheer iaticreiasociptedwihehieddrget
with informmtion,directing the seeker to a first
| andnar k onr(F?ﬁQEtg%br?gF‘é% ?d"sﬁ' , followed by
10 subsequent | andmarks al ong the route once the seeker
has arrived at a given landmark. 30 33. A nethod
accor dilplg t @ebkaiting rdite Bdsod 6h 8hd ohB@r bt HsBAIMRES and
streets. WD 2005/ 009020 PCT/ AU2004/ 090983 5 10 34. A
net hod for ¢btiwetdcherrar distkibutitns af thasgetrget besarettiods to

including the ste f. (a) i ng one or nore
observat i on§’r‘3§'§]@gﬁ‘§?§eg‘%§@ﬁsgﬁg"ﬁtfﬁ5@t (tar get

observations);

81

15 29. A methed 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.

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

20 calculated using a probability density function.

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

and is presented with directional information to follow the route.

25 32, 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.

30 33 Amethod according to Claim 31 or 32 wherein the route includes streets.
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(b) meking one or nore observations associated with
wbheoSeekar (seeker observations); and (c) geggfﬂ&ﬁ&ﬂﬂmmms

a route based on a conparison of the one or nore’

target observati ons and seeker observations and

estimated error distributions of those one or nore

target and seeker observations. 35. A nethod

according to claim 34 wherein the observations include

attributes of radio frequency signals around the

. seeker and the target respectively. 15 36. A nethod
3 ac d}laﬁhl?gl fog dlreshng asegker o micrael, Bvnpathabingudingdbs steps of:

the tarGor. BP0 it RO R el Ry one savmraarih e targe

| v-her el n t hga it 8B4d:983bn{)0f Of MLi on i nol udes
direction cosines of a vect'or between the seeker and

the tar@et. Rak3® orfe 6EHTIRE 0BEGRADAY SR Bléd WiBDthe secker
wherein the seeker observations and the target
obser vat i onssegker phdervisyionhk apdeker and t he tar get

respectively. 39..A nmethod acgording to claim38
wher ei it he SERERUING & fa’ilﬁﬁg@ée% OB\ GEMPparis@EE0f e @ser more

t he commonal,i seeker, d target observations.
10, A mot nod s SPariRg PR 4R B s ro CsReted error
makes obser it asiont df iGoscSHEoSingRal get.
45 WD 2005/ 009020 PCT/ A U2004/ 000983 i%g%%nkggﬁ%%g
10 accor di ng t @betwiations. wherei n the seeker instructs the

target to nmake particul ar observations. 42. A nethod
according to claim40 wherein the seeker is instructed

t i ans.of ,tthe sane.signals as the )
¢ o BEHRoPRS U £ ol 21 e e TP ntaifone flereributes of
updioShd el MIRRR I eker ..o .
obser. vatqlonscsaga‘%&t he tug‘!lrd gttg%é s géerr va ?%ﬁg,rg%%ﬁgs%e&l%b"
is directed according to a route determ ned by using

2 di fferences between_the
15 36, A method according to claim 35 wherein the comparisen provides directional

o

R
o

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.

20
38. A method according to claim 35 wherein the seeker observations and the
target observations are made by the secker and the target respectively.
39. A method according to claim 38 wherein the seeker is directed 0 as fo
25 increase the commonality of the seeker and target observations.

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

same signals as the target.
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41.

- 46.

withoodud¥Bghod according to claim34 wherein the tar

: difr‘*ét’:‘tft?v ﬁ%’ﬁt IRG 10 &

common target observations and seeker observations. 10

is a radio terninal ina radio connunlcatlon§CWAg"“mmmm3
network. 45. A nmethod according to claim44 wherein
the radi o communi cations network 15 is a cellular
radi o communi cations network. 46. A nethod according
to claim34 wherein the seeker is noving and seeker
obsenv#tddazoatiaghitbldAred oNRkeihi tRB qe&er“?ﬂé‘t‘f'ﬁcts the target to
spatially uncorrelated errors in the seeker

%@*ﬁaﬁrbﬁgalQb&ﬁVaU@nmethod for directing a seeker

e seerer able to receive signals

3Bt 44 B’l‘ﬁt%}vlfhé seflerds msirugeed to make
S nethod udi ng the steps of: 25
nﬁﬁ%ﬁ%g&%éhg &9&B§8?35t§6ﬂ% associated with
t he target (target observations); (b) making one or
nore observations associated wth the seeker (seeker

. obSensthbilors)zdingdo Cl)mgENehatdinGran RiffiSicRRSS AN hAity

corrparl son of the one or nore target observations,
tygen dre seker vhssrgations hed dhe toget absgperatd@a\e seeker is

(%) ﬁ-f?‘gzo PCT/ AU2004/ Q00983 Obé rvat| ons_and

i BCOFIBIS @ AT BGtegmIngs biyHesiag diferencemleetwgen the
ti 9 A met hod

accorrg@{1g e‘?B S&$§§§ﬁ| ncﬁ%é‘%ﬁ%rp%qﬁr‘r? §oFer msni gg t hat

a suffici ent 5 Li ne of Sight exists between the

seeker and the target, determning a Line of gearing

t oArmséthod acierdingtte cladth 3fwietrdindhaeaeedisngrddio 6 @hital in a
1@\Iggcer ein the direct target observations includes

fi

COTEHFLRABRRGIRE RN 5. 10

A method according to claim 44 wherein the radic 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 {0 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
{(¢)  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.

51.

52.

53.

Wbé}f,&ﬁﬁ,g(%ser vations includes tine of arrival

50. A nethod according to claim 47 wherein the direct

measur ements. 51. A homing device for findi ngPgl/AU2004000983

target, the hom ng device including: 15 a receiver for
recei ving signals surrounding the hom ng device and
for neasuring at |east one selected attribute of
those signals to produce hom ng device observations;

and an out pubbdeovatifraviritl agirhaedeertdf @h1Rshd & e at least one
user to find the target; wherein 20 the route

i nf or mat i on ¢EMGEt targehand bsekeowpaerivatohhie homi ng
devi ce observations with target observations derived
frommeasuring at |east one selected attributes of

Si ' i.th . aJ.get _and .estinated,error . .
i T BoRRECE BhE T Lt el AT waBE P BBl eahn Sufficient
atftink B e xidiehsteal the s ' ' 0601

25 52. A or%)\ng devi ce aggﬁlgéi}%ﬁ%%ct&éé%%%?rm]%gianl“me of
t Hearmgeiovefinatkorsweei ves information froma honing

system 53. A hom ng device according to claimb51
wherein the route information is 30 received fromthe

hom ng, system,.47 2005/ 009020 .PCT/ AU2004/ 000983 54.
S S (R Rt A WheRR A Gitectiariah dbsevations

| kiR Gidt REBREAPReab}emdhed Cal culaling the route

i nformati on. A Hon ng devi ce according to

cl ai m 51 wherein the output provides the route

information in the formof audio information. 56. A
gnimeghed et euding tr drivg 47 ovldraimileld inkre taiget bbseroutiphs

h
provi des.the route. 0 information as visual
i ﬁfﬁ%}l ’fllat;_ofﬂgrwal 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.

1
~1

60.

61.

57, A hom ng device according to claimb56 wherein the

Wéﬁmglhugiaﬂ{or mation is a map show ng the route

overl'ald on the map. 0 58. A honi ng devi ce acddridfpgyi-+on0983
to claim51 further including a conpass to provide 15
device orientation information in conjunction with the
route information. 59. A hom ng device according to

clai m 51 wherein the receiver also receives signals
directly fromthe target to provide direct target
observations and wherein the determ nation of the

r odt RO AfEIcE encandingitieslairh &1dfurdudr inalugiehg a3@ocessor for
obselrv]l%t.i onfl. 60. A _hom ng device according to claim
593151 AHBS ThREPUR IR ibct i onal antenna  for

obtai ning a neasurenent of a bearing to the target. 25

61. A hom ng device according to claim51 further

| naligthpg: @edi _' im & L { | e

Lo e b ey A bt Ryt BEOR e route
aciéodhagon i thefombadf fudibhafornngloxdi ng a transmitter

for transmtting control information to the target.

30 48 WD 2005/909020 PCT/ AU2004/ 090983 63. A horning
devillce accarding to claimb5]1 wherein the receiver also

r eCelVEENE SH{CF%‘FC? $ Hatiedn Xrsherei o pwiny Rysidenthe route
64 . . I a seeker to a target, the
rréﬁcc%gqﬁé}?%%f ngag’ﬁ_gss éggn'of: 5 (a) calculating at

| east one probable |ocation of the target; and (Db)
generating a route to direct the seeker to a nost

pra bamisgafeviteaccat dingastclameS@ndtzatinahk adaidl @srné%ion is a
A net hod according to claim®64 wherein a plurality of
pﬁaﬁaﬁﬁ%‘ﬂ“&%élw ejoerlyr enitheimaped, and wherein the
seeker is directed first to the nost probable

| ocation, followed by subsequent nobst probable

| oL abhang ,de"&'i‘ééi dcchbPEinkabeelind 51 ﬁgﬂ?&tiﬁglucﬁﬁ% a%o@%g 9 provide

acco_rdingto claim64~wherein t route 1's gene
t aledideamtiertthion 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.

48
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15 seeker along a mninmum di stance to the at |east one

WB%&?W)&U' ocation. 67. A nethod according to §E¥nggl?(ul(llm‘)83
of ¢

64.

65.

66!

aims 28, 34 or 47 wherein the route generat
takes into account a travel distance to provide a
m ni mum di stance for the seeker to travel to find the

target. . 49
A homing device according to claim 51 wherein the receiver also receives

control information from the homing system.

A methed for directing a seeker to a target, the method including the steps of:
(a)  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.

A method according to claim 64 wherein a plurality of probable locations is
calculated, and wherein the seeker is directed first to the most probable
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.



