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Abstract: A nmethod, device and systemfor determning a receiver |ocation
usi ng weak signal satellite transmssions. The invention involves a
sequehce of exchanges between an aiding source and a receiver that serve to
provide aiding information to the O rédceiver so that the receiver's

| ocation may be determned in the presence of weak satellite transm ssions.

Wth the aiding infor ne-sdrepimel)rPPRITIORGR: ¥gbrdgt 6ct s, acquires and
tracks weak satellite si ﬁﬁgﬁgﬁgs FOSI Ion solutions from
Q@Bi t [ 9}(’@}‘4’130@“ ract tine

cal cul ated pseudo rang
synchroni zati on date fromthe weak satellite signals. Call 'faker:

Appr oxi ma: e Locat iThis apBlietibs elaiuesahé pivtitpiketHatd 8 a8, PevisiohalFebr uary 2005 WO
01186318 PGT/ ARL:A0R85:d NoATE I EBASRLF P3N NG SYSTEM. RECE| VER FOR
WEAK SI GNAL OPERATION This application clalns the priority filing date of

U S Provisional S Qﬁplipation Serial No. 60/202,464 filed on May 10,
2000. Field of 98n This invention relates to the design of
recei vers enpl oyedhisingation tedte-to iasiedgpsfabdeiven ienglosybinenElligsSPS) such as
the US Navs 0tS afbasﬁii 9bﬁdion8%fsw£wﬁﬁﬂsﬁg\;§%a§}iébgﬁja(m%?@lobai ﬁﬁﬁ%;@ an’ d obal

vi gati on,,Sa . n e Euro eo system
Mbr e speci K C%gjt Iﬂ‘%hi |en1§ur£_]ﬁ1f“i(‘ (c%o f aé{%gggontdsc?tte EWG‘H‘E F&g) S

e ] : s and systens
for determini s Eurors %8 eI nMegisaer gt the invention relates to

methods, devices and systems for determining a receiver location using weak
signal satellite transmissions.

15 Background of the Invention
Satellite based positioning systems operate by utilizing constellations

of satellites which transmit to earth continuous direct sequence spread
spectrun signals. Receivers within receiving range of these satellites
intercept these signals which carry data (navigation messages) modulated

20 onto a spread spectrum carrier. This data provides the precise time of
transmission at certain instants in the signal along with orbital parameters
(e.g. precise ephemeris data and less precise almanac data in the case of GPS)
for the satellites themselves. By estimating the time of flight of the signal

. from each of four satellites to the receiver and computing the position of the

25 satellites at the times of transmission corresponding to the estimated times of
flight it is possible to detsrmine the precise location of the recsiver’s antenna.

In a conventional SPS receiver, the process by which this is done

involves estimating pseudoranges of at least 4 satellites and then computing
from these the precise location and clock error of the receiver. Fach

30 pseudorange is computed as the time of flight from one satellite to the
receiver multiplied by the spsed of light and is thus an estimate of the
distance or ‘range’ between the satellite and the receiver. The time of flight is
estimated as the difference between the time of transmission determined from
the navigation message and the time of receipt as determined using a clock in

35 the receiver. Since the receiver’s clock will inevitably have a different

- present time when compared to the clock of the satellites, the four range
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signal satellite transm ssions. 15 Back and of the Invention Satellite

based positioning systens operate by utilizing constellations of
‘satellites which transmt to earth continuous direct sequence spread
spectrum signals. Receivers within receiving range of these satellites
intercept these signals which carry data (navigation nessages) nodul ated 20
onto a'spnﬁﬁg sPectrunlcarrler This data provides the greC|se time of
transm ssi 1 Eertaln instants in the signal al ong POVEHEYE t a

parameters (e.g., precise epheneris data and |ess precise al manac data in
t he case -of GPS) for the satellites thenselves. By estimating the tinme of
flight of the signal fromeach of four satellites to the receiver and
conmputing the position of the 25 sateldites at the times of transm ssion
corresponding to the estinmated tinmes of flight it is possible to determ ne

ﬁ Qge:o\r/ :crzl thg%ﬁbh@ﬁbrﬁfmlﬁ Rge a8 oo, %E%Qﬂ%% I{r/é;rs}é‘ghgt%ﬁ@ It'ng”a' SPS
pseudor anges ot? I%{%Gf rsC%;Ckfl%@?léﬁﬂﬁ‘g?pﬁﬁﬁ&ﬁﬁbh conputing fromthese the
preci se |ocation BydstEgtiRasks ppliitss itdgpossile & spive 2 sptnf Rq@Giopsteudor ange i s
conput ed as t hletetmhimebah tHel reghver Elodnarmnandstht Richticnef the sukena,. riecei ver

mul tiplied doy 0h 1y 158@eme s hib BlMIBIRG ik Sull EGHIR D &?Jrfn"ﬂ%tfﬁe Rfadofje ~di stance

st a
ceti mat od as ‘f}g@aﬁ ‘é}f‘% gﬁ%@ b b s o B pH RS PR B ot e i med

from the navi a%aPH%aRHTWﬁPdPJé%FﬂﬁPH%@Ba]é‘ﬁf@lem ned using a
clock in 3s tlkétheenteinser . Since the receiver's clock will i nevitably have a

different presentTht ki mﬂtmaﬁanﬁ@@oﬁ@stbmaﬁ&e@@ nﬂﬂmhﬁéhqssatel lites, the
four range,y "‘:’g’méé%‘)ﬁ%ﬁ%q (?\égogljd/o%ﬁ?ﬂ%%bm%rr%@%a 1o co ata tati ons Wil |
&

have a common ceiver's clock

mul tiplied byhfgﬁ:}e%%’éﬁj r3p (9-8-gft23 M7 grd than Bip ?Sémulﬁt@éﬁ’éhq ites it is
possible to sbi%@@mﬂon@eswma&alowslam@ﬂtetb@; &0 fizh eT'Heatihiet toenoisecei ver cl ock

error and t he_rdtimatypi@ﬂlyaferﬁlbﬁ (@4)! BABEE td F1dBHZ) QNI e tNPARMLESRENt S are
avail abl e it ll‘e%ei%&llwllchl&? &h}aeﬂ h&lgﬂfjs? h?léd%g'?at%ﬂgﬁjo%c%}ah%n . and clock error

provi ded agj already known.

Often, thi s?ltaowgl‘fefdﬁs E‘gﬁc‘%t%ﬁfﬁ tple dalsciadntquaed € al titude . of
the antenna. Thekes pgpa¢amvintional éseémketllopp@m@@ydp@@dbfopa carrier signal
which is 10 bm@hﬂq&smwa{eeﬁmbyb@emw@lo random bi nary spreadi ng code at a

modul at ed’ by he ot Barkes S BLE o o oX % R Pl s
Hz). The c a?/r Ieg?w?rdnv gaeggle use £ware co e eneratoran s:gn m1xer -9

When the locally generated code is exactly aligned with that of the incoming
signal, the output from the mixer contains no code modulation at all. Hence
the bandwidth of the signal is much less and it can be filtered to greatly
increase the signal to noise ratio. This is usually done using a decimation
filter such that the correlator output sampling rate is much lower than the

25 input sampling rate (e.g., 1kHz at the output compared to 1.3MHz at the
inpuf).

Also, in the case of GPS, the precise time of transmission of this signal
corresponding to any given instant at the receiver can be determined by
latching the state of the code generator to get the code phase and by counting

36 the code epochs within each bit of the data and by counting the bits within
each word of the navigation message and by counting the words within each
subframe of the message and by extracting and decoding the times of
transmission corresponding to the subframe boundaries. A similar schems
can be used for any SPS.

35 Howsver, traditional SPS receivers can suffer from troublesome lapses
in position identification in the presence of weakened transmission signals.
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ratio is typically very low (e.g., 31dBHz to 51dBHz) at the earth's surface

for a receiver wth unobstructed line of sight to the satellite fromits
antenna. 15 However, it is sufficient to permt the signals to be detected,
acquired and tracked using conventional phase-|ocked | oop and del ay-| ocked
| oop techniques and for the data to be extracted. The process of tracking
t he code q& %ﬁghgnal in a conventional SPS receiver &Qvolves the use of a
har dwar e COUE generator and signal mxer. 20 Wen thgrﬁﬂ@yWFV gener at ed
code is exactly aligned with that of the incomng signal, the output from
the m xer’ contains no code nodul ation at all. Hence the bandw dth of the
signal is much less and it can be filtered to greatly 1increase the signa
to noise ratio. This is usually done Wsing a decimation filter such that
the correlator output sanpling rate is nuch |lower than the 25 input

o 19 T © WRithe it Bindlt faifhoBidoR e a‘ﬁ%‘éiﬁfﬂdtgkg%égé% o thes Sionel”
: “eBitiicted, stbals may heloverely sitappalod when they opch @B er i ned by

correspondi ng to any ]
| at chi ng t he $toBveRtigRal fecanignesanapide asedrto defegercquitrand ek ibwse and by

counting 30 t kigntledeomperhsde thive ireandtmnbedevel ifthaigalaudnd by counting the
b :ﬁ Wi thi Rs @aﬁ&e&maca@ﬁeritﬁﬁoim&ﬁ&&é@g sﬁﬁ%ﬁﬁl@xaﬁ%}ﬁe, %gﬁ@&é&@vng, t het ‘r’]"or ds
within eac a n extracti ng,and decodin e

Y Qlf lﬁ@gﬁh% Zid!%%z O5e % sﬁgh 1? i I{Oﬁéosglﬁ%:ftp mcg%%ﬂ%% 9

times of transm ssjon correspondi ng P8s. Asinilar
scheme can b 5for any SPS. 35 However, traditional SPS receivers can
suf fer from troublReienmt dévages bave attempied fotrhintmizelentvbicomnatheean i n t he presence

PCT/ AUDL/ 0051 Sh Mt b e o R A e et enna. and th
satellites Q(ips %dgggh?ggg;%hgds{s 3%5’181 13{151?‘? B 'eedstlg g?/eel?fglerﬁc\gﬁrt%fsélﬁﬁgﬁhgd \i/nef\1 ? hey ©
reach the ant SATES SeoBdArE Fensgission septditebrlance Bie shertfalbef used to det ect,
acquire and t izfervatipersulting fom s ativipadahsignals ubidenpldshéarh dbvicadnst ances even
is T t 2 e s } gpaL ancaitgllt hehbpdaitestmagor éthe (@?Pa}’térﬁwot Qﬁﬁ?ﬁ%ﬁaﬁ%&z B;pngf 2 szh .
i sgnot , possi b?g@g%@ég?ﬁ][ %} @%ﬁ“&%&% 5’,’?‘%\%? E‘HQB?EY é’%?fe%ﬁar t devices
have attenpt eﬁﬂt?lsi ROHHAT 2R ingqrmtor eod sRbmesides); Krpwet M5aisgENehr ough the use
of aidi ng i nf §i6f&T34(ridadbydureimiskidnerf@pplaOtendeticyishifis); Kiasdeo(Weat i on i s
external |y supplkinieth. 5081, 155) GREd be Gehaasstonldd DOpKIE: fred@ddcpuafgecondar y
transm ssion §QURGESS PRRANAE S5 I NP RS b f]gll.vﬂler?xl}ﬁtializaﬁon and
pseudorange data) Krasner (US Patent No. 5,841,396) (aided by satellite
20  almanac data}; Loomis, et al. (US Patent No. 5,917,444) (aided by selected
satellite ephemerides, almanac, ionosphere, time, pseudorangs corrections,
satellite index and/for code phase attributes); Krasner (US Patent No.
5,945,044) (aided by timing data); Krasner (U.S. Patent No. 6,016,119) {aided
by retransmission of data from satellite signal)
25 However, aiding information requires additional transmission
capabilities. For example, aiding information may be sent to the SPS receiver
using additional satellite transmitters or wireless telephone systems. As
such, it is a significant advantage to reduce the quantum of aiding
information supplied to limit the use of such additional resources. For
30  example, when the voice path of a wireless communication network is being
used to communicate the aiding information, the voice communication will
be interrupted by the aiding message. The ajding messages must therefore be
as short as possible in order to limit the voice interruptions to tolerable
durations and frequencies. Also, no matter how the aiding data is
35 communicated, its communication will delay the operation of the receiver. In
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information resulting fromthe attenuated signals. Exanples of such devices

are taught in the patents to Taylor at al. (US Patent No. 4,445,118) (aided
by satellite alnmanac data); Lau (U S. Patent No. 5,418,538) (aided by
differential 15 satellite positioning4 nformtion and ephenerides); Krasner
~ (US Patent No. 5,663, 734) (aided by transm ssion of Doppler frequency

' Egi f][S) ; f Kr as nesny(dpplicalatethé loNationslatais hieetlsd profrptlsl end thgrefaramasivi ssi on of

ppl er freque shifts). .Krasner (US Patent No. 5,874,914 aided b
Doppl er, i ‘nitid;e?‘%&z%lfsit%%"%ﬂﬁ lzep'seudorange data) Krasner (US P?';lt(ent No. Y
5,841,396) (aided by satellite 20 al manac data); Loom s, et al. (US Patent

No. - 5,917, 444), (.a . .satellite ephenerides, al manac,

i onospher e, tiB'(",Egil]gé?sgrl éfonsﬁltﬁghﬁgm ions, satellite index and/or code
phase attributes); AnesbaiménsfPatpeesentiaventisn preBidexiaiinethed sl by ti ni ng

dat & from sat efT? Br s oh SRl poghbih oot PRt peURARET 520
addibti onal t rainshd}sabmofoiapa@dldrweéssa{eﬂm transmispipesigealsovilg i nf or mat i on
nmaybe sent to the SPS r eivfﬁg i | Ll lite transmtters or
wirel ess tel epmn‘é ne s?sr?bglgt . mﬁ%ﬁ%p?%g}céog&gb%% I cant advantage to
rggyc_e thfa quant um Aotz enbadimént froproees performanms|of & system wiizingt he use of such
addi tional resourc e : \ﬂaﬁg t ' 3, 0f a wirel ess
conmmuni cation ne.v‘\%r%ﬁte@ag%ﬁaﬁgéaﬁgée@m{no C ﬁ]%‘ﬁ?%‘g‘%e tdﬁg)hg[il di ng i nformation,
t_hg_ voi-ce conmmenfonancewhenithis aiding fiilat er rupt ed by t he ai di ng nessage. The

ai di ng nessages nus r - i 1 .Q: er tolimt
the voice int errupt%%éﬁlze?fe%{)?%ﬁ%{egﬁlgﬁﬁ‘%{rﬁgflF@@egﬁﬂcgg%ﬁecﬁlg?éesg Al so, no
matter how t hemiiroal Tgmel&e Birst EXIBTEmuni cated, its communication will del ay
| ocat | on data is nesufil s it FribBK bR desifin B cPCl One TR
m nim zed. Br i isfenbesavdopthinedhhendin.t he | nventi on An enbodi ment of the present

i nvention provides nmet hod. i ' LA e positioning
system that has im?%vg%nggrt?glgﬁea%@sédﬁﬁ%&s? gg‘ggee%g%e?gagéf&% g% ructed or weak
satel | ite transith sisérobodimemal thisihvdngon niliact ainpveh gignaipresesspgr f or mance in t he

presence of stron i.gnal.s. her | Tl : formance of the
systemutili zisrgfge PN &ng?ungkéggnaga%(gg?%ﬁ{ nce %@%{Q}r{%&sﬁ! Al hi ng a graceful
degr adat i on i rsuches thosenthatosghttbe mecetvicd atandindpr fagatian, agesniptesenbodi nent  of

E;]__?_F::;]ventl on Il?)cr:é%%'n%o utig‘ns(.je\/i ce that achieves a mnimal Tine To First Fix

According to one aspect of the present invention, there is provided
an SPS system for identifying the location of a receiver in the presence of
satellite signal attenuation comprising: a plurality of orbital satellites
sending synchronized encoded signals on a carrier frequency wherein the
encoded signals have repeated epochs containing synchronization data; a
receiver for detecting, acquiring, tracking a set of the encoded signals and
‘simultancously determining the code phrases of the set with respect to the
epochs; and an aiding source to transmit an approximate location of the
receiver and the position and velocity of a plurality of satellites, wherein the
" receiver determines a precise location using the approximate location, the
satellite positions, the code phases and carrier frequency differences.
According to another aspect of the present invention, there is
provided a method for determining a precise location of a receiver in the
presence of attenuated satellite signals carrying synchronization data

comprising: receiving and storing almanac data for regional satellites by a




Addi ti onal enbodi nents will be apparent fromthe descliﬁb&ar%no%f t he

i nvention as contained herein. Consistent wth these enbodi nents, a device
made in accordance wth an enbodi ment of this invention utilizes a novel
signal processing schene for detecti ng, acquiring and tracking attenuated
satellite signals, such as those that m ght be received at an indoor

| ocation, and 8% eading gp apnrormats|oqatiomet thageseiver frm p2idiig aspect of t he

present Inventsda&elﬁr@,ﬁ&lsbﬁ)Meqwesd@anﬁ@}eé?@r%&kﬁﬁgE Quiridemti fyi ng the

| ocation of a receiver in the presence of satellite.sl gnal attenuation
conprising: a BIEHHAIFO &?gl’élislgﬁop’aarplg&ﬂ@qfsf‘téglt§e‘ilﬁﬂ‘?r{’i’g‘“%%/nchr oni zed encoded

signals on a cgmbitfeolidl Pl 8HdYphka iR kht B& of SBEASIAM (RdrOREBidiay e repeat ed
epochs cont ai ni nglﬁﬁtynchronl zation data; a receiver for detecting,

acquiring, tra®kf gach cpde phage Wit dRsgt Wiaghkraacasriie PBASSLI t aneousl y

det ermi ni ng t h@ngiaga refubasRuddy thdRichBiles\OF h Bet 0B SAQEEs fOmide epochs; and an
ai di ng source to transmt an approxi mate | ocatjon of the . receiver and the

posi tion and V@F%E?rtt‘glﬂ’ﬁﬁld&lﬁﬂoﬂ‘fcala’f“% [pigping thegropitippsand Wpleriiehok he  recei ver

determnes a pPERR k& BedtQCAtlING ddethflidsReoaRbBh SXhiid Ridg@eat i on, the
satellite positions, the code phases and carrier frequ :}r%gflgdl fferences.

According to adbfH@Ratggsaqn, Wapf‘feda&’é%‘@rﬁhaferﬂ}gﬁf*?‘@ﬁan‘% €is provided a
net hod for detlgfsmoﬂgﬁ@oa pr eci se Iocatl on of a receiver in the presence of
attenuated satelli te signals c Cg ?%nchr oni zation data conprising:
recei ving and st or i AtFOIRRIQLEC %rtaép‘? pt the gressamvention; thegeds by a 7 February
2005 5 recel Vegrovid@lslddatedte PR AXSITBSiehOoAddiéhitlhg & PRcis@cel ver from an

ai di ng source in response to g?re guest fromthe recelver; detecting,

acqui ring and 1°F3QBK} g PEFSEISE © tregpejerhsatelite Signals soTORTME § of satel lites:

determ ni ng sifahsinRBioR dehys Hh@n&AH CeqRBAS RS itf hspiddiltie 30kt atll gnal s and t hen
determning an Qffset for each cqde phase with respect to a reference code

phase; sendi rf@teélﬂ?élia%%ﬁst?%?Wﬂ@l%omfﬁieﬁ?p@gnw@ gkt of satellites

fromthe recekys¥ing aletaiaﬂo@hﬁtd]gcaﬁ@ﬁhﬁ@saaaﬁke@eélﬁmaﬂ&vélb@u&osI tions and
velocities of _each requested satellite; determning osition solution

usi ng the appﬁ‘?ﬂ”ﬂFl}?é*f‘?maééléflﬁgéﬂum%tIaﬁﬁﬂtéﬂn%fat“’é’ew@SEESUHH WHitef er ences and

satellite posglgﬂag%claﬁﬁﬂt@@tlteﬁ&agarﬂmeﬂlets@gram%dwedaﬁcﬂesﬁterﬁi‘a 4he present
invention, there js _provid a device for .use in.an SPS system for

determning a Fﬁﬁ“@%@é S‘@@@ﬁ‘tr?l@r‘f’r? pacher %Feég%ﬂaé%‘l“éﬂngeﬁﬂflé"ﬁﬁﬁ{‘%ﬁ satellite
signal's conprigifganda coitASRRSADREAERAPDEsS6r 258 Rbdsy; WaKasts for its

appT oximate | Oc%%%r:)l%rllrcgl?getermlnes the code phase offsets for a plurality of detected,
acquired and tracked satellite signals in the plurality of signal correllators
and using the code phase offsets in a determination of a location solution
for the device.

According to another aspect of the present invention, there is
provided in a receiver that receives signals from satellites in order for its
own location to be computed based on its distance from the known or
computed locations of those satellites and which incorporates a hardware
correlator, a method for processing the signals at the correlator output in
order to estimate the amplitude and frequency of the correlated signal and
to detect the presence of a signal, comprising: processing time domain
signal samples over a fixed integration period; transforming all or some of
the samples within an integration period to the frequency domain in
frequency bins; identifying a peak frequency bin containing the largest

complex magnitude; applying a filter process involving the application of a
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satellite identities to an external aiding source; a reception nmeans for

recei ving the approxinmate | ocation and satellite positions and velocities
fromthe external aiding source; an antenna to receive transmtted
satellite signals; a circuit to filter and sanple the signals received at
the antenna; a plurality of signal ¢ frellators each for detecting,
acquiring and | geitd e frogthdfins whARhAERMW Eiterbd SEME pedc! uding a
processor and nenory, whereinm the control circurt determ nes the code
phase of f set s fresuencybin estimatipg dfe aetlivatcadd frequegey ofdbe signhl fomcked satellite
signals in theyp Lk ¥:.Qf 'g];bia&] I he code phase

- offsets in a det gﬁi{%%%?ﬁg%dgﬁca O%Q%F%Egég%ﬁﬁéﬁﬂﬂ%ﬁfﬁgte evi ce.
According to dirsuensy aad poplitvdd. t he present invention, there is provided in
a receiver that recgj \ég%’}'%‘g .5 f ' ' its own

| ocation to be _cprrputee ase loﬁkﬁ%o?@ﬁ??ﬁ%ﬂg%ﬁﬁ%oé%%%lﬁég n%éwi%{dor conput ed

| ocati ons of thiogeal gxtewlally-senpligheiding ird¢rmateror por at es a har dwar e

correlator, a nethaqg, .08 P i tor output in
order to estimate ?ﬁ% an%%l&ﬁgéﬁalﬂn%Sl?(trhg%tégn%@%???ﬁtg&}gééré?ﬁejﬁg ed signal and
to detect the ydingsme nogy supply gratypecelipformitiog:in pr owlersd iseqyendene donai n

si gnal sanpl esg; o i tl BEL1Qt0d Sranst 1ng all or sone of
the sanples w tlﬁ?{ﬁ{egﬁl u#n%%%%@?@%%@bﬁgﬁ&?% l(glﬂgorw e.qqe(%gz‘%} domain in
frequency bi nszrefﬁrd@mtqwmgﬁl@lgd@kﬁmﬁequbﬁﬁysbasntocxmuﬂmalﬁﬂlmwg t he | argest
conpl ex nmagni tqude g aRRI | ; j [ application of a
7 February 2005 5a_’%n%v§r§tggﬁfhg ??%%%e@gﬁ&%ﬁiﬁgﬂﬁ%ﬁagﬁéﬁ ndow centered on
the peak fredqistoaitips firihe setof iraeked sntellitere Thesp batellitd positivais andequency of the

signal from thg.whdd d. hbhsi bABL 86 g f ignal with the
estimated frequgncy % an%ft?t_tfg@. aTT ,Qfg‘gﬂégﬁoﬁﬁgﬁn&%%nfg% use of
att enuat ed satsetellifes.Noshughrg pilingriefornpetion isdikely s emeedeily - suppl i ed ai di ng

information. Under digrafig iedlevtRiclebts hRPRANRE 4 &t & HffH&SH: Py the SPS
receiver, an aiding source may supply two information in an

t ypes . of
ordered sequerf@gking paspdyponanfarmigtion W%W@@SFVWWCWWFOM mat e
| ocation of thgmbgiaRieIGatioreeived &dlnthé Adink durde. GR¥eAtNed &rrihai nly in the

GPS case to within 100km . Sec t he ai ding squrc pr.ovi de precise
satel 11 te positBREAE ek R es sy Y oo A ooy BERSRE 1 ol 1| 1 5.
These sat el | i tveabsmllite sipmlamtier thal theirdnsabsiomymbéatc witintied by t he ai di ng
source from emﬁgﬁg i telld I 1. di ng
information is T gjﬁgﬁgz%gé%&oﬁnsﬁgsﬁi?b?ﬁg% e\((iité{(}glé%%%eects and
acquires a setinsgnt spdhas thefetiga cdngnon time of receipt. Then, by determining the

differences between the code phases, the resulting values or code phase

differences, may be taken as ambiguous measurements of the differences in the
times of transmission of the satellite signals.

In the preferred embodiment of the invention, these code phase
differences are then employed to generate pseudoranges with the assistance
of the approximate location received from the aiding source. In the proéess,
the approximate location of the receiver and the precise satellite positions may
be combined to determine approximate ranges to the satellites. Then, by further
combining the approximate ranges with the code phase differences, precise
pseudorange differences may be derived. Finally, the precise SPS receiver
location may be resolved using the precise pseudoranges and the precise

satellite positions.
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tracki ng based upon information frominternally stored al manac data and its

approxi mate |l ocation received fromthe aiding source. Once acquired and in
the presence of weak signals, the device nay rely upon the code phases of
the weak satellite signals rather thg? the transm ssion tine data within
t he weakened signal. The code phases the signals may be neasured at the
sane instant so that there is a conmmon tinme of receipt. Then, by
determining the differences between the code phases, the resulting val ues

or code phase Buigffescrintionof thedrawings aken as anbi guous neasurenents of the
differences in the pjd RS ﬁﬂ% gnhals. In the
preferred enmbodi nent é éﬁ?%%ent%i @%m%%g% %hg$%H&' erences are

t hen enpl oyed Hweg@n@lp@tf@u@gmmWe@wfﬁe itiventipg shddannt servedp t he

appr oxi mat e |9&ﬁ¥hﬂﬁpﬂ%ﬁﬁ ed fromthe aiding source. In the process, the
approximate |locatio e receiver and the precise satellite positions
may be conbi fd@- t is agequenaridingraapipsaibingdbeiniewndms beteetrn aglinge| | i tes. Then,
by further caghioplJiduli: ARA! BXERL S, bR BAGRa 65 16 GARBRESe

di fferences, precise pseudorange d erences my be derlve Finally, the
preci se SPS ré@émvmﬂmmwmﬁmﬁﬂ@ﬁmWEWDQe resol ved using the precise

pseudor anges g4 3 LEGh SR uary 2005 5b Bri ef
Descri ption of ?heggfgmnngs %ﬁ@&&?%&gﬁgyo &F?h%&%ﬂgﬁ g?@% means of the
acconpanyi ng dmbedimgst of thipipeensipn for pesyaing isaiellite signalp megamng eodanpl es of t he
invention and gQ.0QL s Sk thdst MehsutehSn@ Elﬂ.%lld S G 1 is a
sequence di agra descr E %hes%nferéktPoﬁgh%et en éﬁmgld|ng source, a
cal |l taker andﬁ@ﬁﬁﬁﬁﬁ@épmnmﬂmgéﬁﬂ$ﬂﬁ§gﬁmted SPS recei ver according to one
enbodi ment of giAi $id WM& d; k i 1 OWG fdsi P ng the overall
algorlthn1accor§|ngato oneaggﬁgoghﬁém §§%E%%|s ?ﬁ%%ﬁ?lon for acquiring
satellite S|gn€NQﬁuﬂnEasur|ng code phases, carrier snoothing these

measur enent s, r SRR i,ng handset

| ocat i on; FIGi gﬁ?%%gﬂg Q&&Bﬂ%gﬂgsgﬁﬁ ﬁ?%%ﬁlgggnrecegigr according to
‘this inventi owasurﬁr@htwdmse@hb marlﬂmaigxlatnmgﬁﬁaplmhqgneﬁ pkihgi gnal
processing al g Bﬁa& LA %ﬂae%ﬁ@&ﬂ&ﬁm%?ﬁ%ﬁﬁ&ﬂﬁmin each of an early and a
| ate arm of eac anne 8 i correlator according to one enbodi nent of
t hi s i nvent i oFIGH iga block diagraigl deskibine thycamieiawothins) algprittieusedir i er  snoot hi ng
al gori thm useded e HoRHUFf th Cod phie riddsrliferf OHRRIAE OB aSUT enent s

according to one
embodiment of this invention,

FIG. 6 is a block diagram describing the algorithm used to compute the
location and velocity from the code phase and carrier frequency differences

according to one embodiment of this invention.
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enbodi nent of this invention; FIG 6 is a block diagramdescribing the

al gorithmused to conpute the |ocation and velocity fromthe code phase
and carrier frequency differences according to one enbodi nent of this
invention. 7 February 2005 WD 01/86318 6 PCT/ AU01/ 00519 Det ai |l ed
Description of the Invention There are four distinct elenments of the
present i ntion, which are wutilized to achieve the aforenenti oned
objectivegxg?ﬁgmfirst elenent is the nature of the EFH?WBm%H#ornation and
the manner in which the SPS receiver 5 and the aiding source interact to
provide the aiding information. The second relates to a procedure for
detecting, acquiring and tracking weak signals while avoiding janmm ng by
strong signals and ensuring graceful degradation under adverse conditions.
The third relates to the design of a device for tracking of nultiple

satel lite signadisidd®dgiRiolofBe BRISphases at a common neasuring 10
instant. FinalTy, %ﬁE%L£H£&§#€%;n of1¥he i nvention involves a set of
al gori t hms used,Io_groqess & egﬁ@%?ﬁ ?Bm§?§?ﬁﬁan+?§W@éwﬁto conpute a
posi tion sol ut¥8ized PoshiredhHeagmenitaedhiesives The fisshelowentiibs of t hese
features will isturedithesiding iiforrtatomandfthe mahmy @iivhioR tHeedpa t@sivho ref i nenent s
and ext ensi oNsapHhePidGiQE RN Ynterht 19 PR HVENEL QR ALSE 86kl U S- Patent
No. 545,47 gy aitiae, e L0 Seo i P ke,
i ncorporated by reference, Ao O G~ BB R BT REEG & ﬂ@j‘ﬁ‘}sa fon As
previ ously de<S¥PlRgRmMmg by FiEna sieerlt end psaringgrasefebiegmdetionvinder t he 20
present i nventadessd enditiohs dtie tiordimlhtes tethe deignfvds dévielfoideskiagoRppr oxi mte
| ocat | on for | ?ﬁkﬂ@ﬁ&séﬁﬁﬁ@s}lgﬁ?s B/ tel e ROS JHaMI St @Mﬂ&h&&bﬁﬂz&z gf a speci fic
set of satgl l;jjkes. sl tio et erm.ned an ovided through a
request /respon e,ﬁSgUeR§3EQA3%§%€FHE?“%%%W%ﬁ88&% ‘ﬁ?a%¥8éuch an exchange
i n accordance %t eoPECRS & Wrgl Frtlidlg sicael depiden tagomprter G, 1. 25 A
t ypi cal excharigsition gphntiondrol mesend S48 pReeaiffeesncds, Each ditltisng Source 2 and a
Cal | Taker 3. féired wllRAEEessbdhR t9AS Receiver 1 might be a GPS receiver
embedded in or co-hQ . W e t.el ephone or ot her handset. The
Ai di ng Source 2 n% i@%&%@%g ef:'gc? mgllh%ﬁ%%g%nél nt.e Slg%s%gﬁ?mg’fjﬁg or el sewhere
in the wirél eS¥f% %’\Xﬂ‘?t}?n ERsedin U5 RetenfiNg: g5 Gtisa Sccordinglithe tted via 30 a
wirel ess commieregoing B patenkisherebhimctrpordieé by réftrencal | Taker 3 may al so be
| ocated at the call center or other |ocation accessible fromthe wreless
' A. Aiding Source/Receiver Interaction
As previously described, the aiding data used in accordance with the
20  present invention is limited to information that includes an approximate
location for an SPS receiver and the positions and velocities of a specific set
of satellites. This information is determined and provided through a
request/response sequence. A model of one embodiment of such an exchange
in accordance with the present invention is depicted in FIG. 1.
25 A typical exchange might involve an SPS Receiver 1, an Aiding Source
2 and a Call Taker 3. For instance, the SPS Receiver 1 might be a GPS
receiver embedded in or co-located with a wireless felephone or other
handset. The Aiding Source 2 may be located at a call center or cell site or
elsewhere in the wireless network such that the aiding data is transmitted via
30 awireless communication link to the handset. The Call Taker 3 may also be
located at the call center or other location accessible from the wireless
network. The ultimate user of the location data may be either the Call Taker
3 or the user accompanying the SPS Receiver 1. Other forms of transmission
between the SPS Receiver 1, Aiding Source 2, and the Call Taker 3 may be .
35 utilized without departing from the objectives of the present invention.
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network. The ultimate user of the location data may be either the Call

Taker 3 or the user acconpanying the SPS Receiver 1. O her forns of
transm ssion between the SPS Receiver 1, Aiding Source 2, and the Cal
Taker 3 maybe 35 utilized without departing fromthe objectives of the
present invention. 7 February 2005 WD 01/ 86318 PCT/ AU01/ 00519 7 To begin

t he exchaqg& t he SPS Receiver 1 sends a First Aidin Request 4 to the

Ai di ng Sou M318 1i s woul d typically occur upon. act TLRYGS % t he SPS
Receiver 1 but may occur at other times as well. In response, the Aiding
Source 2, sends a First Aiding Response 5 which contains the 5 approxi mte
| ocation of the SPS Receiver 1. Preferably, the approximte |ocation of
the SPS Receiver 1 is accurate to bettier than one half of a code epoch of
a satellite signal multiplied by the speed of light or about 100kmin the

case of GPS. The | | o i . also be sent.to the Call Taker 3
inaFirst A gen%ag%%ﬂ'ﬂgg&%ng\%ﬁlﬁgﬁgg lggre%?g% %{%B;F ifat e | ocation and
previ ously st or@ysd tﬁé{ﬁ%l‘@ ing purce 2hEhispaulddyricallyoccur gporfastvatiopt s

correl ati on. s@hthe/SPE Beesbygul b nsxytoeturiat ethersingnab #ell. Theespbusatae dat a and t he
appr oxit Bt _e5t | gadihg Sourkie, Rerld9 o SRAAAiRE ReshpBiRe 5!mtmjiéﬂ c?:htafﬁ@@ﬁeggsogce at 'e?st
one satelligfe ; qyl Si t.0.0 he. ecei ver

sends a Seconfsllpi%,i.l %%ggg%g{tﬁ%s%%ﬁﬁ%%g&E gj:reﬁed:a}g%lr}?%aeop?’“ni%e The Second

Ai di ng Request®FI9H{E| SHEF at 36wt dr betigeRen pys il f peodespeci fic set of
satel |'i tes usé&pochyf ¢ sacliipsizid amiltiied by ithe sgeterf hightiongboupw®kmidn ange
differences. Il daesyGRS.EThd di@roRirkitd e IRMMES atbo W6 LDk B 18 8all Tlker Pr €CI SE

posi tions and 3\{,(;5@5&%&5%@ oiae identified set of satellites from
S t,eq i The determ ned positions and velocities

epheneri s g)ata for h{ﬁ ites,

are 20 theh sent 5.1 I8 EPEIPPEPILe lpcgtion and prenioyslynpigred glorBahonse 8. Since
this el apseddeiribe $BS Raseiner lepedfomssitsrongatidrastach doatisratpllivet ween

transmi ssion sigmds. regephivaddal aid e bgaoeshte fektc Kl cefalighdet er mned it

[ ossi bl e f g refdndi o ; | he;.t f.leception of
el arel oo el MR LRSI SR 00, O

the satellitegs] |s.to. W v tens 117°se
under this scﬁ%r#gzﬁeﬁe&ée?flﬁ%“dﬁé?i‘?ﬁdé&fﬂf’i‘%ﬁeq’z‘eswé‘?/%@éﬁ“ﬁoé%‘iesze satellite
posi ti ons EndThebewend fiding Repeesihy iclwdeSnformetion forddénsifyingthn t he SPS Recei ver
1 needs. to besprbifie sttof shedlitesmhsed b PROEPE Receiver e b detahigny zati on data from
the satellitepsigiial d@RFedRRC 33 dsforB it Aifhe BouRE JHLEGRRIGEr I s data.
Mor eover, in 8 91‘3{ gsﬂ.gens [ e O'E‘_&at Otttﬂe. 5%1, e 'tt a%g{sht:at ons are accurate 30
when recei ved {i%é PSTEPEIRvRlortigs ofog HERAIRA 5 ﬁgs tE2, the |atency
period for th8PIEREHY AR iF thssatplditeschs deteamingdperiiions ped wlaciienara few tens of
20  then sent to the SPS Receiver 1 in a Second Aiding Response 8. Since this
elapsed time is known and assuming that the latency between transmission
and reception of the request for aiding can be determined it is possible for the
aiding source to determine the time of reception of the satellite signals to
within a few tens of milliseconds.
25 Therefore, under this scheme since the Aiding Source 2 provides
precise satellite positions and velocities, the Aiding Source 2 rather than the
SPS Receiver 1 needs to be able to determine specific time synchronization
data from the satellits signals and needs to maintain or acquire ephemeris
data. Moreover, in order to ensure that the satellite positions are accurate
30 when received by the SPS Receiver 1 from Aiding Source 2, the latency
- period for the communication between the two must be within a few tens of
milliseconds. This will ensure a limitation on the error in the computed
satellite locations to a few meters. To this end, in the preferred embodiment,
the Second Aiding Reguest 7 occurs at a known slapsed time from the instant
35  when the code phases of the satellite signals latch. Since this elapsed time is
known and assuming that the latency between transmission and reception of
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mlliseconds. This will ensure a limtation on the error i'n the conputed

satellite locations to a few neters. To this end, in the preferred

enbodi ment, - the Second Al ding Request 7 occurs at a known el apsed tine
fromthe instant 35 when the code phases of the satellite signals |atch.
Since this elapsed tine is known and assumi ng that the | atency between

transm ssi reception of 7 February 2005 WO 01/ / AU01/ 00519 8
t he reques‘?g?@?ﬂgi ding can be determined it is possi %&myﬁl%he Ai di ng

Source 2 to determine the tine of reception of the satellite signals to
within afewtens of mlliseconds. After receiving the satellite positions
and velocities and using 5 pseudorange and range rate differences, the SPS
Receiver 1 then conputes a Position &nd Velocity (PV) solution to
determne its precise |location, speed, heading, etc. After such

determ nati on, i hen,sends . Recel ver Report 9 to the
Al di ng Source t%é lt\%/ﬁ'iw?ﬁfgr %@@gcﬁa\ﬂ] gget %EEEIPISL\?VCI fstésb%cisfl' ,for%gepéléﬁl,g Sﬂ%‘gﬁ?ng, hei ght ,
satellite ideﬁ?fl?*?fe’é‘ﬁ%ﬁémaﬁ efepLion of e sadilitnsigenlsoaithiya feyotens (i .e. 3D or
2D with altitwieilkisedpndg) . Upon receipt of this later information, the
‘Ai ding Source 2 mefisk pdeeiving tHelshRNiteisdsitioRs arddQeloliadidtisidghe A di ng Source 2

~may use the, k'}u@é’ﬂ&oﬁ:%e:inhir&%e rﬁ@&iﬁgfagceg,itg%%ﬁeg%ir nlst%nscsolén\%%t .3¢! ect

differential eudor ctions al | )y .any abl e neans) and
t hen conpute %‘S’%gﬁ r\%ﬁl‘ﬂ BJ"ES&F%‘?P&P@[&)WDEB‘?WF‘F% A5isB8ENt with the
reported node hetdingpigt ASer suvii determination,|the 30S Reoeipartidhémmepdstdhe A di ng Sour ce
2 may then apReseitehRepmory o id Ading Sotube2 whiztaidlaiRs BRRSF IRekidyy the SPS

Recei ver to ObbahMeadilP Height! bk %ée%gﬁécfjﬁ%& dang%ésﬁleu?oggoﬁg@eg%?t ion then may

be sent to the Call Taker .3 |n, a. e I ng 0 As an
“alternativé erlrto(b‘?ji3h€ﬁ S eHiude A GREnent i oned exchange, the SPS Receiver |
reports the code phasescdipt ¢fdhis lderdnivnating the Hiding Bowe aag talen this event,
the Aiding Soturteretieauldt er@nfleitiks AidRY Ss@ict k n@f ubdihe kidrSRBliRecei ver |

using a met hogetlahk BmbidHna@imiic, SRt B‘?ﬁ%&%{a g%u&g%e%ﬁ%éﬂo?ﬁ d, the scheme

.
requires the $RS.Recei ver t.o_conput.e J L es W thout the benefit
of having act EObI%.I?E% 3\ P‘Bﬁfﬂf%ﬂ_swth%ﬂ%?%ws&ﬁ%rﬁ oedipg| |ite signals. The
‘use of thi & digcationcorgeiogeensiranawith therreparisd enodppbeohtions Withdhisat el 1 t e
signal s are t &teromputatity, fedidngbasty Eueyihsn iplf the cotéctibetanees in the

e e e e S o S
time of grgecei éﬁiﬁﬁ?eo@?ﬁn I?Wé’eé?ﬁ%nﬁ‘ﬁ‘@ﬁf@%ﬁz‘% § 8oL ; to
20 As an alternative embodiment of this aforementioned exchange, the
3P8 Receiver 1 reports the code phase differences to the Aiding Source 2, In
this event, the Aiding Source 2 could compute a PV solution for the SPS
Receiver 1 using a method like that of the SPS Receiver 1.
As described, the scheme requires the SPS Receiver 1 o compute
25 pseudoranges without the benefit of having actual time synchronization data
from the satellite signals. The use of this data is avoided hecause the code
phases of the satellite signals are taken as ambiguous measurements of the
differences in the times of transmissions of the satellite signals. This is
accomplished by measuring the code phases at the same instant so that there
30 is a common time of receipt. Moreover, the ambiguity resolution needed to
convert code phase differences into pseudorange differences is achieved by
utilizing the approximate location for the receiver obtained from the Aiding
Source 2. When the approximate location is then combined with
approximate time from a real time clock (accurate to say 1 minute) and
35 current almanac data (less than about 2 months old in the case of GES which
provides range errors of less than about 30km), this permits approximate
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convert code phase differences into pseudorange differences Is achieved by

utilizing the approximate | ocation for the receiver obtained fromthe
Aiding Source 2. Wien the approxinmate |location is then conbined with
approximate tinme froma real time clock (accurate to say 1 mnute) and 35
current al manac data (|l ess than about 2 nonths old in the case of GPS which
provi des %%8%‘ errors of |ess than about 30km), this $ern1ts approxi mate 7
Febr uary W 01/ 86318 PCT/ AU0O1/ 00519 9 ranges of PYHe'¥4PEI 1ites to be
determned to better than half of a code epoch nultiplied by the speed of
light whi'ch is the anbiguity interval for the code phase differences. By
conbi hi ng the set of approxi mate ranges and the set of code phases,

unanbi guous and preci se pseudorange di%fferences are derived 5 without the
need to synchronize the receiver to better than about one mnute.

~Furthernore, }_g&ﬁé @tﬁ@state‘i‘ﬁt%shto%hﬁeta' dlerag[ gﬁ%ﬂ?nwﬁ a%oldgg%oo jective, the

SPS Recei ver eed for being
supplied with DBHBEIF #yﬁbag,e%fh%whlﬁl i ﬂwmbﬂ&yﬁaﬁnt@t@%hf@é%e codeich i nf or mati on
is used to asgbet differenses, rRycoinhiping thaset bfepploriemicennyss asbthe ketdfir i ng si gnal
10 acquisit]i O@odﬁ’pﬁaﬁbsﬂiﬁ%b@uo&%ﬂ%%tsb m&a&&kﬁaa&@e:@%&@& gaived al ternative
to using tfhe vﬁ@ntoﬁﬂtlhbh d%QF%@ELro trfcll‘\relnto Qt%r%l el& AN |on, the SPS

usi n rrenet aI manac

Recei ver estl
data. Usi ng t hi SWWOQQFWHEB ‘H @ﬁ?’ﬁé‘&’éﬂw Jf‘“@@tl mat es t he
Doppl er fr equédkrcFRSReefivartids i wichinpets PV@olahor&omﬂmaUgne afedfatemg t han about

15 250Hz for @E@]gﬂmmppﬂéﬂmmﬂiiﬁml 0€ BhdiBdHa] Svidef) SudtAh@lhdtio8S known to
better than @@&H&to%ﬁsthﬂ&qﬁﬁﬁn é ﬁ@enc %%Pldﬁm%m% I.pi ent accuracy to

achieve a rapi |t| | of fset of the
reference 8sci® ?uést?tb éfe He Tangs as ap RHwA Q/\PSEIFﬁ nafewHz. To
achi eve this [tasteHite @Ié?q@ﬁnwﬁéﬂqtl;nthherewelf averios, the éEﬁJEecelgvemffset is

estimat ed eachstiraie BoppNr 2€ormelidiliseiy stofedianPitiaBdarpdathhus it can be

E ;ﬁggregt u?/gr sover ,Ushfagstalg%uﬁeﬁtaegn&mft%ﬂefs%g&a@&%ﬁﬂ%ﬁfﬁ%@#&ggcgh;gggefnW' th
t enper at ur e b?t ﬁ%ﬁﬁeﬁﬂe%cgqsﬁﬁhf)ﬁ el[ﬁ‘af {0 PESHIIY © gbetﬁé

8% on in acquisition
per f or manc®, ZHEzdREgiEnaApprozimaissioghdiony of WesbateBiiesdmowntd beitees a net hod
that copes w thuntaheutohahgeiraiidlotBi dhisys aAghfidd: acthrde@ @BRld ON. To ensure

th di S
1t EreeéﬁgcEeeﬁ‘@%ﬁ?ﬁﬁ?%d@a&%é?m%“ﬁ Fifeet I8 8Entle AL [ 10 cnough

in the presence 0 SHE LF° °t"8 E%“?Iﬁze 'lg’ef'tc %E‘h ?ﬂer In the case of
the GPS syst effduirpraeny %wéﬁiemaﬁwwofﬂg@ iy estmatefh gerh tmerkM hs ol d to
20 solution is computed and thus it can be tracked. Moreover, to the extent that

the reference frequency varies with temperature as well as aging and to the
extent that a large change in temperature between PV solutions will lead toa
degradation in acquisition performance, the SPS Receiver 1, as described
below, utilizes a method that copes with the chenge and ensures graceful

25  degradation.

To ensure the presence of current almanac data without the use of an

Aiding Source 1, the SPS Receiver 1 must be activated often enough and for
long enough in the presence of strong signals to keep the data current. In the
case of the GPS system, the almanac data must be less than 2 months old to

3¢ remain current. To meet this goal under GPS, the SPS Receiver 1 must gather
approximately 27 sets of orbital coefficients over a period of around 2
months. On average it would take around 20s plus signal acquisition time to
gather one set and it would take around 60 such gatherings to acquire all of
the sets. Hence, if the SPS Receiver 1 was activated in the presence of strong

35 -signals approximately once per day on average for about 30s then the stored
almanac would remain current. '
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30 remain current To neet this goal under GPS, the SPS Receiver 1 nust

gather approximately 27 sets of orbital coefficients over a period of
around 2 nonths. On average it woul d take around 20s pl us signal
acquisition tinme to gather one set and it would take around 60 such
gatherings to acquire all of the sets. Hence, if the SPS Receiver 1 was
activated in the presence of strong 35 signals approxinately once per day
on averagew??)lr‘“ﬂﬁout 30s then the stored al nanac V\DB(FT(ﬁMPé(P{éPn current. 7
February 2005 WO 01/86318 PCT/ AUO1/ 00519 10 B. Weak Si gnal

Acqui sition/ Tracking in Presence of Jamm ng Signals One of the problens
associated with the use of weak SPS signals is that any SPS system has a
limted dynamic range. In the case of @he G A Code 5 signal of the GPS
system for exanple, any signal that is weaker by nore than about 20dB
t han anot her signal that is also present may be janmmed by the stronger

signal. There main effects of this jammpng. First, while attenpting
to acquire theBi‘i 5@3%g’rg“@]?‘tfﬂ}iﬂsmﬂg/ﬁ‘fﬁiﬂélg%?FW%H&W@W%%S hol d, the'
recei ver's sear ch Qe &waeohlings asgeiated vathrthpued! yyakf S gigens isfedtse al arns 10
because the craogSPEgnsteal lak b dmstebeinapii rahdee IS tHe@Ag oSihgtal cad t he code

generated I GiGaIRaRIOB sy foR&aBfit &R Q?neﬁt&%\fgx&éaferﬁapﬁﬁmw' Second,
I'th h th bl e .to. t K k |,
o) thoush Lhe_TERRRHSE Wi RS ol BRI Al R R eker st one

cross- corr el atSiFeRger $gnae Theppease ¢ maimefferds oftthis fageming | Bipsalwhie aggi ng t he

tracking al gomttehpimgtaycqhirethe wesker Signdl niieg € auficbmlyilon tiehold) tbe. 1t is

[" ghly gef:ib;altiédéiv%& s’éé&@%lﬁéqwﬁe leb‘etinﬁi-mfnﬂa@lﬁff_ R 2P a0 'tf‘ is essential
0 avoi I, probl em it can result | ross positioning errors

of up to séver g%ah%thgﬁré]fseclpg?lgﬁ%ﬁi’?hﬁe {hgﬁgjnﬂé’@é‘?]\%@aﬁfcg‘ﬁ%ul d attenpt to

acqui re st rong®¥Fyirhindheyessdver wilt heabipe beighbore thackieshold. Beededr signals. In this

20 regard, FI @thdugbtiid receisr may esahivtb econire asdittick thaoweakerGiiGal; Cei ver t hat

| in'tsEr es It Qat wAlYs SifsEPREle 3 BB hdaRhEnaAEHirs Sfhsdd Hy%%s’s@brf@atil%nh' 9|h| tm es hg' d.

resho ion .any.r enai ni neéded.si gnal.s_wi en be

set, in the ¢ staé ldg’? %@g%e 5%8%@%1 %%qagdvxl/ag%rg tg{‘f gg%b‘@safgog‘;h&n YERi red. While

the FIG 2%cortedrrcorplafenhaR iBk pertinent to GPS system its general

appl i cation woul d Ibie highlyalesiyable25awmighthiz Eiesbbithese paublenstahéit iSPS syst em

Referring to Eiseatial o dvbid MG @robledd ds3t b trbbulii gibbs p2bitbRALGRIS T eSponse

exchange in atDE%tse‘;egal%q{g m[lg 'f'ﬂ'l'ﬁ éP&&é:cg{vgre{sh%ul aﬁ%ﬁlgt Xi mat e | ocati on

fromthe A din urce 2. he "exchange I's SUGCESS and the approxi mate
| ocation ai di ﬁgq“&aﬁ'am}gs‘“gfl%l& Btfore gtterppins dtnduie weaker signalsi [ jsal search
par anmet er s n regard, FIG. 2 outlines an example procedure for a GPS receiver that ensures
that any strong signals are acquired first using a high threshold, A threshold
for acquisition of any remaining needed signals will then be set, in the case of
GPS, 20dB below the strongest signal acquired. While the FIG. 2 contains
information pertinent to GPS system, its general application would be equally
25 applicable to any other SPS system.
Referring to FIG. 2, the device starts with the first request/response
-exchange in attempt to acquire the SPS Receiver’s 1 approximate location
from the Aiding Source 2. If the exchange is successful and the approximate
location aiding data is received, the device sets its injtial search parameters in
30 step 11 with the goal of acquiring the strong signals. The parameters for the
search are initially set to a high threshold and with a short integration period
adequate for acquisition at the selected threshold. There is no prior
knowledge of the cods phases of the satellites and therefore the search is
unrestricted. The reference frequency offset is assumed to be a prior value
35 that was measured when the receiver was previously active [i.e. “0ld”). In
subsequent step 12, with these parameters, the SPS Receiver 1 uses a multi-
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30 step 11 wth the goal of acquiring the strong si gn:ﬂ)sar e paraneters

for the search are initially set to a high threshold and wth a short
integration period adequate for acquisition at the selected threshol d.
There is no prior know edge of the code phases of the satellites and
therefore the search is wunrestricted. The reference frequency offset is
assuned to_be a prior value 35 that was nmeasured when the receiver was
previ ousl yYWAYHHR (i.e. "old"). In subsequent step TOVAUWPHE™ hese
paraneters, the SPS Receiver 1 uses a nulti 7 February 2005 WD 01/ 86318
PCT/ AU01/-00519 11 channel device to performa concurrent search for the
strong signals of all visible satellites. In the GPS exanple, conducting
such an unrestricted code search withi?1 channel per satellite at 1 chip
per integration period using 2 arns per 5 channel with 0.5 chip spacing
woul d take 1023 n r 0 Dr 0x y 1 second. In
nost cases thi séé\qga?gﬁcgté%ﬁ%ﬂg%b un@%cq%ﬁlﬁfor{heS%ngtm%ﬁgagiﬂgnal s present.
However, in soff ip lffites, the assunmed frequency offset of the receiver's
ref erence oscill atIGrthen%Rﬁqwamglemwadngmdgbgphalnluaregmtedmdmbart}haﬁhcan 10 be

accommodat ed fiathafmel pé&eatsmtaﬂtnﬂﬂxprpaiﬁtdgfananﬁ&foﬁ&isﬁﬁ@ranﬁs it put sanpl es.
Thus, if nos S%‘h@ﬂﬂel%ﬁh%% Isﬁa@gew&g(g 3ﬂurh grag(g&ufg{eg SI ng the
assumed referencegﬁ&ihil ?#/ gﬁ set en t ‘i[‘FQ e adj usted in
step 60 and t3RBE; SR B Bgs Gt fWP URTH 0 CHMEARE| d. In this
way, the of f sétonggiaml pisenthanged systenati cal I y to effect a search over
the possible 15 f riguesncy somngrRnanddeths Xshosbibdet®died oyl d term nate on

the acquisiti i i ble
threshol d. fqﬁglﬁﬁ;tﬁﬁﬁnfgsmrﬁ%ﬁ%‘ﬁéﬁ oy 4 el *@ﬁ%ﬂﬁ%@i. bl &
frequency ran% atle °§ ef%mpléflglr%’%@ a'f‘ﬁ’fe 8 PHPHIrEe

be set (e.g. 6dB
lower) and a I'oHydimo saigllisapignalsare asavireddluniog brjettrenph veldg e sggnmad t | mes as
long). The refrgferenmedredlonty offias oy thd disetworldibochdpgted et sthpekaddo t he

previously as %H%Qcﬂ%dﬂﬁu%tﬁdﬁ?loﬁeﬁﬁgﬂﬁ %Xsh%ﬁarlﬁ;hﬁlm ﬁlel%ﬁse{teSt arted using
t hese par anet %\Foui{‘ﬁjelil: és Bil g %? E %& tle at east one
satellite, if any BHeg" Ssie 3? S Vi Yo i onal signals are
still need&d, ﬁleﬁ‘éq’iclf Taage. r@aﬁf’%ﬁé awqbewxlcbten@ing@ opshe ssqwtitiethe strongest
si gnal acqui r etloneon ngrdomtell vescht ffs Highestqlosibié théesheldh the'integration period
E 0 be s gdt for a mfbss@fg}u%a&gn%g%&@adqﬂuecﬁ&v'épth%oém% &Ja]ﬁ &9%1@ Ition | of
resho 0 signal o
greater than ?%3%&% e&/;l LT ey %‘é’ﬂﬁﬁﬁasﬁtrﬁ% Egiﬁrowgﬂ an?)% ‘1115%}‘ for the
subsequent s o SeERBaEIHbTOHLD QP o8 & trmea ps lpgrs Therefasence
20 irequency offset would be set back to the previously assumed value and the
frequency search would be restarted using these parameter values.
In the original search to locate at least one satellite, if any strong
signals are acquired and additional signals are still needed, then the
measured carrier to noise ratio of the strongest signal acquired would be used
25 to determine both the integration period to be used for a subsequent search in
step 14 and the acquisition threshold to be applied during the search. For
example, if a signal of greater than 50dBHz was acquired then the integration
period for the subsequent search need not be any more than 32ms. This is
because it is possible to detect signals of 30dBHz or more with an integration
30  period of 32ms and the threshold would have to be set at 30dBHz or higher to _
avoid the dynamic range problems previously described.
The reference fraquency offset would also be estimated using the
-approximate location of the SPS Receiver 1 together with the almanac data
and the measured carrier frequency of the acquired signal. This should
35 obviate the need for further frequency searches. '
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because it is possible to detect signals of 30dBHz or TOre W ? th an

integration 30 period of 32ns and the threshold would have to be set at
30dBHz or higher to avoid the dynam c range problens previously described.
The reference frequency offset would al so be estinmated using the
approximate | ocation of the SPS Receiver 1 together with the al manac data
and the neasured carrier frequency of the acquired sign This shoul d 35
obvi ate t hRCHEEHPfor furt her frequency searches. 7 FE%VWF’?" ¥oos wWo
01186318 PCT/ AU01/ 00519 12 Since at |east one satellite has been acquired,
a restricted search regine can be conducted for the remaining satellites
usi ng*one channel per satellite since the approxi mate code phase

di fferences between all of the remainiing visible satellite signals and the
first one can be estimated. If the accuracy of 5 the approxi mat e position
estimate i s assune n the code i fferepces can be
estimated to withi %n'tzeft?eaStonﬁﬁg%&{]??ﬁ?%qe acqued, ﬁ‘é‘gs LYCRTEEIRS woul d
permt all of ‘faﬁé‘eF‘é%ﬁlﬁFtﬁiiFf@ﬂ?dﬁ@ﬁMnﬁé@e ltgs pEngengehanngl pegisatellite 50 * 0. 128s
or 6.4s. Howevauce thedrppsabmadicade phate HiffeieacasibaimienlalDifaRe refiifnfiigci ent
satellites hadmhﬁe@ataﬁﬂléighﬁgaﬁcpthgﬁfs%ﬁe&H%eEs%%iédog Oq Eraé;ﬂr?f) det er m ned.

In the GPS ex Lé‘[ﬁar x?lﬁgtg opgoneshmate & szeceﬁq P%§%%n ail, the

maxi mnumtine t noug Ebe 1s for the
first search f %?F&eﬁa&r]?él‘*@DﬁtW zﬁﬁeﬂwﬁe@eﬁ’f@h for the first
satel lite pl usCES. cs thisrwouhipesaih sl glibe termodngdatellties tb beadgaied ni ng satel lites.

This 15 adds upiti@sd4043ss i@%\/ﬁéwevﬁlyQie%@dr&ﬁ’uouﬁﬂﬁL{bﬂJﬁdtﬁfbn\e@m d take |ess
than this (e. sgj"ﬁcie tes"éteﬁ%es"haﬁ’bg&fé%rP?ed%é%:em:lt%ef C102Gk st ti on performance

of this sch§ rade grace S Fiessary to address the
foll ow ng s ilure: 1. The second frequency search to acquire the
first satellite silghzdGRoaxpuiple2Bsiimaing thoetha sendidehrchlid dve fdl theal s are even

~ weaker than tm@dmmaakehw@qﬁﬁmam 1eBRE R ALehdBiBods for failure
woul d be to cqﬁggggm ﬁg b9ﬁ @ﬁgﬁf yﬁ%f'ﬂﬂ'@segwﬁ‘f'ogat' lly Iowered

t hreshol d values11 L Areshol d is
utilized. 2. TRAE“Y¥ ’EQBF %Q‘K?%trse‘?f 5’(%@%@%&3%@ ifegsEhigccur at e t han
the 25 aséhn@édslmﬁléﬁﬁ Heysever, typinally, acquisstichfwaildake batthdd titse si gnal s are
acqui red duri riggtiee 45i+ sbs @rapsm). of the weak signal search. One nethod to

address this fail Lﬁoﬁﬂie%ci Bsih&S 1o %&H@Sf‘%ﬁ%s hfglgtgog‘gﬁ%?agggltgge%%pﬁsses Wi th
) aibur

sequenti al increases If range P
13 TIRCessdry toa Iess owing cages o

1. The second frequency search to acquire the fu'st satellite signal conld
20 fail because all of the signals are even weaker than the adjusted
threshold. One appropriate method for failure would be to conduct
additional searches using sequentially lowered threshold values
adjusted in step 13 until some final threshold is utilized.
2. The approximate receiver location could be less accurate than the
25 assumed ::10km and, as a result, insufficient satellite signals are
acquired during the first pass of the weak signal search. One method
to address this failure is to perform further fraquency search passes
with sequential increases in the search range performed in step 15.
This scheme would degrade gracefuily with an increase in acquisition
30 time. However, it would ensure that any satellite signals that can be
acquired would eventually be acquired. On average, the use of
approximate receiver locations of greater inaccuracy will result in
longer acquisition Hmes.
3. The aiding message may not be received. This could mean that the
35 - selection of visible satellites is wrong because the receiver could be
many thousands of km from the assumed location. This would also
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This schene woul d degrade gracefully with an increase in acquisition 30
time. However, it would ensure that any satellite signals that can be
acquired woul d eventually be acquired. On average, the use of approxi mte
recei ver |ocations of greater inaccuracy will result in |onger acquisition
times. 3. The aiding nessage may not be received. This could nean that the
35 sel ecti f.yisible satellites is wong because [ ver could be
many thousvgﬁgfz%s&g km fromthe assunmed | ocation. Thi SI’@\ﬁx;‘ﬂfﬂg&g*gso 7 February
2005 WO 01186318 13 PCT/ AU01/ 00519 prevent any of the searches from being
restricted as described. More inportantly, it would prevent the
pseudor ange di fferences from bei ng wunanbi guously determmned fromthe code
phases once neasurenments were.nade. ¥ would also inply that the second
ai ding nmessage will 5 not be avail able when required and this would prevent
a location soluti | onmput ed. One. respgnse to.this failure is
to sinply revert | %eé{&?cfgrﬁ%@ eggr%nétﬁj\e}%l mggiecgeagalgg??cﬁgedsﬁ%ﬁﬁ] by step 16.
Thus, in the GPS dﬁ’é’@ftanéa]ﬁf’ it ewlg PEaveRthgserdnmnge dippgcesdiomdbelE used and  the
| ast known | ocat i omambighaushedetsming domt thhcele phasbemct arasardmenst 10 satellite
and subsequent satyiré ih@S 1BHo@sEs 1 ﬂﬁb&!%a@ﬁ@dﬁﬁgﬁégﬁ%emsponses as

described apove. I bhiaugRsGndliEe ARlIchd Wid S ATPLLS igalLYy  veak signals
woul d be |ost but nlgernah_ . per rn@nce Woul e ~dchieved. In the open,
acqui si tion wit hi FORPBHAA™PELS GerapHeds (Pe regpanseds Prisfailre isde hi eved al t hough
it woul d be necessHRBlY rayedtguinderdi P Sephivaroremtibe ioshewh hg stepe@t i on coul d be
ggtelr?‘i ned an(ctl:o Ej hi%ﬁﬂﬂ&iﬂ%ﬁi@%_ﬁﬁgﬁﬁ&wEij&ﬂ_b&?%ﬁ%umﬁeﬁe&%d%si C. -

| mul taneous Oode {EaR%nPEh HoM AR b bslil sl £ PRl AL S gnals  To
achi eve the aiding sche escr| ecf, n % ecel Ver, of the 20 present
i nvention Eoequi re aﬂeﬁ%eeﬁisﬁﬁﬁeﬁueﬂlbs t@?%%ﬁw“é: preehopperdilives for  nul Itoi pl e
satel lite signal s r&popsseasdiesmibetshaynt In this cashithe abdigatockcqE®B@eally depi cts  one
such SPS Recei ver viak 68y @buly be IobibubRSmRECES Mfordar@a holid bBr oken down into
roughly three partgpiedde nfeXh &’so -nggflr“gt ﬁ&%dcﬁgg#hltgs#iﬁh three or nore

correlators 18 anqg a m cr.qpr nmenory. of'T owi ng 25

descri bes the fun%ﬁlﬁ?ﬁlga@?‘g@g@ﬁ& B o9 RP DePHEATY PGREMENd circuit 17 serves
as the ini#dal si ghkamesisbelorsbe locgionicoulfl bpdetermivedfand this woddcircuit 17
anplifies, filterdntradavwa fivthweatelsy oftglto 30s.

C. Simultaneous Code Phase Determination of Multiple Satellite Signals
To achieve the aiding scheme as described, an SPS Receiver 1 of the
20 present invention requires the ability to determine the code phases for
‘multiple satellite signals at the same instant. In this regard, FIG. 3 depicts
one such SPS Receiver 1. Generally, the SPS Receiver 1 can be broken down
into roughly three parts. The device has a front-end circuit 17, three or more
correlators 18 and a microprocessor 20 with memory. The following
25  describes the functions of each. '

Generally, the front-end circuit 17 serves as the initial signal processor
as follows. The front-end circuit 17 amplifies, filters, down converts and
digitizes the signal from an antenna so that it is suitable for processing in a
digital correlator 18 and such that the signal to noise and signal to

30. interference ratios are minimized subject to economic and practical
realization requirements. The front-end output 19 of the front-end circuit
could be a complex signal centered at tens of KHz (in the case of GPS) ora
real signal centered at around 1.3MIHz or higher. The sampling rate would
typically be several MHz and the digitization would be at least 2 bits per

35  sample. In the preferred embodiment an AGG circuit keeps the level of the
digitized signal constant. Since the true signals are spread over 2MHz in the
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digitizes the signal froman antenna so that it is suitable for processing
ina digital correlator 18 and such that the signal to noise and signal to
30 interference ratios are mnimzed subject to econom ¢ and practi cal
realization requirenents. The front-end output 19 of the front-end circuit
could be a conplex signal centered at tens of KHz (in the case of GPS) or a

real sign red at around 1.3MHz or higher. The rate woul d
typicall yaxk)’e fs%g;\sllgral MHz and the digitization would Eﬁéﬁﬂ]’ )Pée}gpst 2 bits per
35 sanple. In the preferred enbodi nent an AGC circuit keeps the | evel of
the digitized signal constant. Since the true signals are spread over 2Miz
in the 7 February 2005 WO 01/86318 PCT/ AU01/ 00519 14 case of GPS and are
weak signals in any case, this signal #s dom nated by noise and the AGC
mai nt ai ns a constant noise |evel at the out put of the front- end. Hardware

correlators 1Qa§@9@P§%ﬂ&é§%&l&ﬂ &gﬁppﬂe shannel fon.a 5 particul ar

satellite signal ar teI rocess “The front end
out put 19 under’ s[ﬁlg tfamﬁﬁé" F BRisede vl edhe aputgf tinnkach

correlator - 1884 further down conversion 21 (quadrature in this case) to
nearly DC i s per f Bardwdte basedadoo ns tdvh rgnései@igadipplgahatli ®e4 of a

part: f:ult ar §a$pﬁl‘tkdula§satt§hﬁ@%ha1%qm5%% &ﬁ&lﬂ@ e:oért) éf.h%o {Fa%dcryfaal

resul ting céﬁpﬂ%ﬁéﬁmff%%%&g% UG LF GicipPepsset a@%@geeﬁ FEPREE il ti pl i ed
by) a real bin& %ﬁl%@fﬁ#ﬂ%%é{“ﬁqﬁgm inZlyis casplde apertydGiat ch t hat of a
particul ar satpstfbnnted based a ltheasidmated Poaila @ty oba ot lar g@slieat or 24. The code
gegeag'ﬁ grnd24’ si—‘g‘ﬂ@ltﬁ@tﬂeeééu@{tea Bﬁemfge%rs@ﬁg&ﬁggor%%?re?%%%ﬁ cfs the

pseu S S

esti mat ed g‘lmgﬁlﬂll %egc{%%la of’ fgi?éet“ eflegﬁﬁw“%@c’ué@?’im{necﬁn flﬁ’ilalégm | | at or

of fset. ~ The dHE& @Wér(‘aﬁt* yultiphieiby) @ repd hisprytnsendgrandere coslssigaelZdndom code
signal 25 t hahodes t¢ inetck dmbofapapicelaciatdlitd sighd agbgenigrdby 83odut at a fi xed
lag With respegdrathbizd e Eﬁe@@ﬁer&t&@flscohﬁgﬂed @338%6 signal 25 is
al so m xed W ﬂbrét@sethg 0%8{31‘6%@0 BSISI gf%t %t?cgra%etsu i ﬁg{ mréegss: g\rllval S

28 are then 2& $m$c{ rocessed
pass anti-al i &E004%q §i ?RP%SW?"S;‘& %e%%’f%%éﬂl%ﬁcéh@lfgff%‘e to a reduced

sanpling rate. | n Theledagrseator 24008, getehgtes eldteqachdemmpin nglersignel i s
appr oxi rnrs]ttelhy zilﬁdzmtﬂ&sa&easgﬁﬁhdr&mo&?do&eﬁ Ibfblg:%]géﬂ:@éAH Wi t he |00ﬁ| code
rate such tha aine e e epoc

e aw&ag b frm s 3@ @8] Gt 98 158 drif

However, this en searc e processor 20
ei t her causes "‘P ‘H’Eﬂ cogustter sienal 284 Theyresing mived sigRakREMARGR by t he
requi red aPfounrtpastely prgcestearty degimators 28. Decimators 28 low pass anti-alias

filter and down sample the mixed signals 26 to a reduced sampling rate. In
the case of GPS, the reduced sampling rate is approximately 1KHz. This
sampling rate may be derived from the local code rate such that a single
sample will be obtained for each code epoch. However, this is not essential.

25 When searching in code, the processor 20 either causes the code

' generator 24 to step instantanecusly by the required amount at the start of

each integration period or changes the code frequency by a known amount for
a precise period of time so as to effect a rapid step in the code lag. This is the
preferred embodiment although in an alternative scheme the code frequency

30 may be deliberately offset while searching so that the code slews
continuously relative to that of the incoming signal.

When tracking a satellite signal, in this embodiment, the processor 20
constantly adjusts the code lag as just described so as to keep the
pseudorandom code signal 23 and late pseudorandom code signal 25 from the

35 code generator 24 running one ahead (early) and one behind (late) the code of
the incoming signal. In other embodiments, the code gensrator 24 may
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each integration period or changes the code frequency by a known anount for

a precise period of tine so as to effect a rapid step in the code lag. This
is the preferred enbodi ment although in an alternative schene the code
frequency 30 may be deliberately offset while searching so that the code
stews continuously relative to that of the incom ng signal. Wen tracking
a satellit j |, in this enbodinent, the processo stantly

‘adj usts th 0@%%§§|ag as just described so as to keepﬁqﬁgmuﬁgghdorandon1code
signal 23 and | ate pseudorandom code signal 25 fromthe 35 code generator
24 runnirig one ahead (early) and one behind (late) the code of the

i ncom ng signal. In other enbodinments, the code generator 24 may 7 February
2005 WO 01/86318 PCT/ AUO1/ 00519 i5 geriérate a third signal (pronpt) that is
kept running synchronously with the code of the incom ng signal or,

ilngﬁieg’(tsﬂﬁ{fe%g*%ﬁgé?ﬁﬁv%ﬁ%@s @aﬁfgﬁﬁ“@?‘g%@%ﬁ%n@eﬁéviédgf 5 The
correl ator outPbt® FESne gy &n ¢  HTRHRS SBYBREuDF BB where they are
further processeing lag iegyedpf yiriodabisi (syallebtpods dlémendd sely doddatbater in this
speci fi cati on df thedsdomtimg e@dé.he anplitude, frequency and phase of the

carrier sigpal . Thapcohll@AbdpliSahfeds S5 IhaGHSthe PREAUSE I PGS ONAI 1S

strong enougrhﬁg Oa@eﬁﬂﬁéf ghe &)Fase aﬂrx{d fre],gu nc%th@rés UJ&)I Hzfed by a separate
al gorithm 10 that operates on the PanPEsmpressr SPCIREC 1 MHat a.  Met hods
for the extradpfrrasiisttiondp estimatethopmplitgde, Spenersandphasecof §i6i | led in the art.
The frequency cefriet fignal. r Beheifldaaisrtd bs exdiagindbsadys @hd digial idseehgt 0 estimate the
Doppl er of f seten@ighithiahfaht bRAS e WedubfoyatdiiliBld BLibhdt Qlpofifhset . The

former DORP! GhatBILRE! on'BL UGP. AL, SUOSEN

b
nt | [ h
vel ocity o . el ver (an ‘ggx\?% :{@? %agnﬁ%ﬁdd@hgﬁ ésﬁm;ragg the
travel | ing). TPhiEckqmpfthisda sl bpebdensitgoneskilledindhe aitr el at or  out put sanpl es
29 represent estiTmifreguapty ofithe caked eridreighas are theatisel wfestith@e satel lite
?i gn ?l s ij nC\eM ttREDopRRE Sfset SMBY ca@n@erﬂ%&:ﬂ?@h@’_ﬂg &@ﬂ&&@dﬁse@&r%lﬁ hﬁméGlC ff dt he
(1o e, S AR A AL o B S BT LV e,
it has, thé&h drreiverlaRd Op vehicle By wRishitimayibs tevdiRghced. The steps of an
appropri at e acqui Siteamplitude oftbelearty anil ldte derelboriooipst 4aompbredskil led in the
art. Wen traedgrigut ebii@at6OdhadtRARRR 1d SoiRGhibSi Bth BRI SEas SRk tBar lier in
order 10 keefol D aNELAR: ATBLLLIIEP A LR ILELA Ypgui PUL sampl es 29
equal to 25 eac ot her, S| rgl ar ut “nmore compl ex al'gorithm can be
applied i f 3 &prorminga satellite signal search, the amplitudes are compared 10 a
20 threshold to determine if the signal has been detected, 1fit has, then an
acquisition procedure is commenced. The steps of an appropriate acquisition
procedure will be obvious to one skilled in the art.
When tracking, the code phase is adjusted as discussed earlier in order
to keep the average amplitudes of the correlator output samples 29 equal to
25 each other. A similar, but more complex algorithm can be applied if 3 or
more correlator output samples 29 are present. The nature of these control
algorithms will be obvious to one skilled in the art.
At the end of each integration period the code phase 30 for each
correlator 18 are simultaneously latched by a latch element 31 within the
30 hardware correlator. The resulting signal represents the code phase
measurement 32. These code phase measurements 32 are then made
available to the processor 20. The processor 20 then applies a smoothing
algorithm to the code phase measurements 32 together with the carrier
frequency estimates. This algorithm is used to reduce the random error in the
35 code phase measurements 32 over time by making use of the precision in the
" carrier frequency estimates to predict the changes in code phase from one
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nore-correl ator output sanples 29 are present. The nature of these control
algorithns will be obvious to one skilled in the art. At the end of each
integration period the code phase 30 for each correlator 18 are
~simul taneously latched by a latch element 31 within the 30 hardware
correlator. The resulting signal represents the code phase neasurenent 32.
These cod measurenents 32 are then made avai t he processor
20. The pﬁgcesso? 20 then applies a snoot hing aIgor%@ﬁ%ﬁ?@ﬁphe code phase
measurenents 32 together with the carrier frequency estimates. This
algorithmis used to reduce the randomerror in the 35 code phase-
measur ements 32 over time by making use of the precision in the carrier
frequency estinmates to predict the chafges in code phase fromone 7
February 2005 WO 01/86318 PCT/ AU01/ 00519 16 integration period to the next.
The al gorithm; By ard | f i.mat e 0 reduce their

xﬁ{eﬁﬁnéﬁ Jraén%a So H e Ad lfgrrtitt i3 Hisals th8 géﬂg@f%re@g%ﬁ

random errors. IRe carrier spoothi ng h _Clyater inthis
docunent . Afte‘?ﬁﬁgl.&@%%&?‘i_us‘fﬁfzbﬁﬁd%“dﬁp?ﬁﬁo&ﬁ? frgierspogBingalegHE@ n 't he
preferred s endsedibagktsr in thiredogamesiter snoot hed code phase neasurements and
the filtered carrifdersbveed sbads of Srhoolahe $ivalkeropasin b frefeizkte | ocation sol ver

whi ch esti Mat esnholif&ndRBe REAG HBbthSd dodk RAL hBRuRbaYGhe Gld MiereNe @l gorithm
makes use of recise sat egllte osItjo ata and the approxi nmate | ocation
fecei ved fromBRE ararng %?@%".Qpalsﬁ?dlsto 1SS T PEICHESERBed | n nor e
detail |ater ilhe fRiBectiverdot logetion andmlocitygibd algarishmsaakesgise ofar ri er  smoot hi ng
and | ocati on gwotoidersgtellitd woitioh Hars awd e appro:euiee Weetbrycdihe figmakessor 20. D.
Satel [1te S| gnadinfSises hiedaitnanin'if MIBiA0 1PROKBHRINRkRE . speci al

e

processi ng ,pf e satellite.signal 1s 1S requir n order to
deternine its &Og%%g\ng'ﬁggeem%ﬁ# ?Ig?eéﬁﬁ%g@%rrsnﬁﬁ%saﬁg%E uonc?ﬁ"’aﬁl ating a PV
sol uti on fromageatamsege slhexscuisiby thyproressas R on utilizes an algorithmto
nmeasure anplitude, frequency and phase of the satellite signal. The
invention al s@.aguuliRSighaPPloaibhd animmedure to the code phase
measurenents and t ' frequency estingtes 1o reduce randomerrors 20
occurring over ti, &?Pr%?%{asﬁéo,mdasfg%lr A TS ApBITey® t%ﬁtgﬁﬁ{}gﬁ t he code
phase di f fier SREEEd ferderdo gptawyingityReds Phasmdifieranapefos eiupgsesaf uti on. Each
algorithmis calduletngsellV soutianirom thdth. Bs thiswtj the inkeptdidntutidiess akr equency and
Phase of Veak ahatigtnh tolrieating Bblitud® s aad BRERI0Y Bl sdel@BM LY Ng a hardware
correl ator 18 4L SeNealapihdNaldohihs SREDSDBMELdb Buig AT red to estimate
the anplitude of the carr) ) ] P
S measurements and the carrier frequency estimates to reduce random errors
20,  occwrring over time, Finally, a formula is applied to convert the code phase
differences into a precise position and velocity solution. Each algorithm is
addressed in turn.

(1) Estimating Amplitude, Frequency and Phase of Weak Satellite Signal

25 Any SPS Receiver 1 employing a hardware correlator 18 with several
signals in each channel is required to estimate the amplitude of the carrier in
each of those several signals in the presence of the data. In a conventional
receiver a phase locked loop or a frequency locked loop and a delay locked
loop control the frequency of the final down converter 21 and the code

30 generator 24 respectively. In the weak signal case however, the signals are
too weak to permit lock-in without the use of some sort of aiding from an
auxiliary algorithm. The signal processing algorithms of the present
invention could be used as auxiliary algorithms for acquisition or they may
be used independently of any phase-locked or frequency-locked loop for both

35 acquisition and tracking.
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each of those several signals in the presence of the data. In a

conventional receiver a phase |ocked |oop or a frequency | ocked | oop and a
del ay | ocked |oop control the frequency of the final down converter 21 and
the code 30 generator 24 respectively. In the weak signal case however, the
signals are too weak to permt lock-in wthout the use of sonme sort of

ai ding frogyadkenguxiliary algorithm The signal procgggimgeaisgorithms of
the present invention could be used as auxiliary algorithmnms for

acquisition or they may be used independently of any phase-| ocked or
frequency-1ocked | oop for both 35 acquisition and tracking. 7 February
2005 WO 01/86318 PCT/ AU01/ 00519 17 Wth strong signals it is possible to
detect a signal fromindividual corréfator output sanples 29 with
sufficient reliability to'permt lock-in. In the weak signal case, the

corr elt at or OE%ut mh@@ aBhit8s §@31malt§aet&éﬂ§fs1 ﬁetl?ro?ﬁhﬁgﬁllal' - .

i ndi stinguis | at or p sanpl i ng
rate is extre %F%ﬁg 5 “ﬂm% 2€ 'ﬁﬁﬁ tr%ﬁ%&%% ﬁmnFthggo g t he

Deci mators 28 f F%l?s’l"%ﬁ’@l ﬂieﬁénﬁlé@F @U@I‘ts&fmﬂﬁﬁ ¥ ara 60 ngiwibat theow sanpl i ng
rate, the Dopjgrelisfrddimgnicheblricnt the noiseaflab thesoirtlkiat outpwif f set woul d have
‘to be knowsn tsampling ARriaeideadly 1t ¢k, PHEGHIIFRY - HARREY, & NGl Yae @ hi gher
correl-ator O%e‘aﬂfmt&é‘ﬂ@%hé}ﬂlgo e &?%9? CL&ePaec sﬁfﬁ%‘! 0% ?malht%?atesw table

algorithmis r ﬁ ﬁﬁg@em fz%ﬁlt§m§§or Sﬁw%% resi dual carrier

signals in the a flow chart for
an algorlthn1d@@ﬂﬂﬁbmW@Ewaﬂeﬂémbmﬁmude.ﬁm&néqﬂgnm@@hmuhqﬁmxye of the signal
from each of tduepuesduhplingRde ha@letobe ¥@sineFirdRnahiaial nthh% RQfifgl ator 18

according 49 Oc@@stﬁﬁﬁ?é)ﬂb gﬁgﬁtu?é fttiiﬁalg%ﬂl%g gﬁlbrosqkn# 6l to FIG 4, the

pr ocedur e |nvolves th q?H% ranstorm applled to a
bl ock of sanpl code phase neasurenents 32 of the correlator 18.

The effect of th| sFlﬁ{ yéaniqrmilavschieg forroraigortion vied to wedsuwalnpbide.i er si gnal
into a few bi rfseqodncy hed pitafe shthquignaBiom eath s the Whidy @idatk Rexedat eI lite signal

i s undet ect ablsg\R98 of the caREIiS B'a&oﬁﬁ@g%n@&nﬁﬁﬁlﬂ g{i‘gﬁs ifife ent time domain

sanpl es conf ai sur ene etectable in

t he bins of the?ﬁpﬁ%ﬁtg&tgﬂﬂmg‘fﬁﬁ%vﬁws %‘Eea E"is not readily
esti mat ed bec&f@l@fqnﬁé%aplwdﬁwblpdwf@ﬁn@pqﬁrczrsﬂxemdestaaseel lite signal between
sever al adj acemdasiybments 82 of thedvirelatbfn 4 NTHERAG of thepaaditigisan where t he

transition faldympies ﬁ@keﬁﬁuﬂ%&ﬁﬁrggﬁalﬂmtt&?femme'ﬁ@‘o ﬁ)ﬁ tferiod and the

hase of the 8 . d rri S t .Nevert hel'ess, .havi ng det ect ed
'Phe pr oba blze oF § S,elr%xg}éeasé &Le satglg%e Sian alt%unde%c{agp when its energy is spréad g

across all of the time domain samples contained in the code phase
measurements 32, it is detectable in the bins of the FFT output 34. However,
its amplitude is not readily estimated because the data modulation splits the
satellite signal between several adjacent bins in a semi-random manner
depending on where the transition falls in relation to both the integration

25  period and the phase of the residual carrier at that instant.

_ Nevertheless, having detected the probeble presence of a satellite
signal it is possible o reject much of the noise by applying a window
operation 35 on the bins of the FFT output 34 centered on the peak valua,
More distant bins may be discarded completely. This is simply a filtering

30  operation and significantly improves the signal-to-noise ratio prior fo non-

' linear processing 36 of the window-filtered signal 37 to eliminate the data
transitions. The remaining windowed bins in the window-filtered signal 37
may be processed in one of several ways in order to estimate the amplitude in
the presence of the noise and data as follows:

35 1. The discarded bins may be zexo filled and the complets set of bins

can then be inverse transformed back to the time domain. This would
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signal it is possible to reject nuch of the noise by applying a wi ndow

operation 35 on the bins of the FFT output 34 centered on the peak val ue.
More distant bins may be discarded conpletely. This is sinply a filtering
30 operation and significantly inproves the signal-to-noise ratio prior to
non- |inear processing 36 of the windowfiltered signal 37 to elimnate the
data trangghideng. The remaini ng wi ndowed bins in theswimgaandd il tered
signal 37 maybe processed in one of several ways in order to estimate the
anplitude in the presence of the noise and data as follows: 35 1. The

di scarded bins may be zero filled and the conplete set of bins can then be
i nverse transforned back to the tine analn This would 7 February 2005 WO
01/ 86318 PCT/ AU01/ 00519 18 result in a set of time domain sanples with
significantly inproved signal to noise ratio which may then be processed
such as to effect re*ndtikaisetoﬁﬁmadqjxhﬁﬁeaﬂlpiedmﬂﬂah@;ﬁﬁeaﬁﬂyd@rmédl ocked | oop. 2.

ﬁn i nverse ltransfcm%mmofa@rﬁﬁf‘&%% 5@%@@' &E%y Ehg 5f“tﬂe
onai n sanpl es ma enov anp itude o e
] 8%?@’5&%“"%&1.%&’38‘&? B(taglrl?;fﬁ)sform back into the

resul ting signal co

frequency domai n. UsPREVETDEMYgTIBIhepiacted e depmined ehom on the previous
- FFT peak and appl yimmgdammn sagwgplds may ibe sguateg do retrivne theideabitke f or estimating the

VAl Ues o Severale B pe e o F one ef fect o
squaring the si g mﬁ% IHF}FEEathk 0181 %HE%I«:%S‘O re&‘f'} c@Fo Oﬁjﬁlé "% esi dual
carrier signal eh ’t”ﬁ&?nt?rf’ e peevigns BERpeabgnd splEnaAiVes. This anbiguity

will need to be reemﬂﬁ@@lgm@!mm@efmmmmgéwfanmwaaw 15 3, ‘The vector
of remaini myg W ndawgdedsl 0fa dRYidREIHAHAGORMS BAEH dnGhe ¥AERYE the data in an

aut oconvol ution proGes$refins. Eﬁﬁn{pﬁr’c&qw %p% &nﬁoqe eﬁ?’czgf'ggﬁérpngltﬁ%nﬂt |h§ tsln,gﬁ

domain but, if the nber. o

conpar ed to the si igé“g]o ﬁtbﬁ “’cql"}%‘i'?yt" gler‘é‘tﬂ“ﬁ]cﬁm%ﬁﬁ’ﬁlon process 36
may be |ess corrputsa@h@n@ﬁmybﬂﬁweﬁwmawleshﬁhlpambgw%wed bed in option
2 above. The aut ocobymbsted wandkesnin3g tkafequlief. be processed by any

t t | t 2 t.ud d
reauency & 8 ci Shate sl 8 @%&D%%“d"%ﬁ5%@5ﬂ38%655*°%°iw"‘%d;;f§3eo?‘”severa|
y

FFT bins. Again i tIeIfl%V“ﬁ?) {133 aptgeons, @&PPQBIOF%%?B tﬂ’és ¥ pg)
correspondi ng to dagnapngintibetibedymainbiy & theagmipyr afhinsduwindowvol ut i on
process 36 and t hdileied sighalta idvamilichuifarbd ®ithe size of the FFT 33, then the

autoconvolution process 36 meay be less computationally costly than
20 the process described in option 2 above. The autoconvolved samples
38 can then be processed by any estimation algorithm 39 suitable for
estimating the amplitnde and frequency of a cissoid embedded in noise
based on the values of several FFT bins. Again it is important to
realize that the frequency corresponding to each bin has been doubled
25 by the autoconvolution process 36 and the bin width has thus been
effectively halved for the purposes of frequency estimation.
The preferred embodiment of the invention employs option 3 for estimation
of the amplitude and residual carrier frequency. The RF carrier frequency is
estimated as follows:
30 Fe = Fd1 + Fd2 + (Np1 + (Np2 — Nnom + N¥)/2}*Fbin -
YFxo*Fnom/Fxo
Where:
Fc is the RF carrier frequency;
Fd1 is the total frequency shift due to the front-end down
35 conversion;




effectively halved for the purposes of frequency esFiFﬁgﬂagn%OQ?he preferred
enbodi nent of the invention enploys option 3 for estimation of the
anplitude and residual carrier frequency. The RF carrier frequency is
estimated as follows: 30 Fc = Fd1 + Fd2 + (Npl + (Np2 - Nnom + N F)/2)*Fbin
- TFxo*Fnom Fxo Where: Fe is the RF carrier frequency; Fdi is the total
frequency whbfdsziglue to the front-end down 35 conver ge@fGerdosfsebr uary 2005
WO 01/86318 PCT/ AUO1/ 00519 19 Fd2 is the frequency shift due to the down
conversion in the corrolator; Npl is the bin nunber (between -N2 and
(N2+1)) for an N- point FFT) of the peak in the FFT (which is the center
bin of 5 those extracted for perform ng the autoconvolution); Np2 is the
bi n nunber of the peak bin in the aut dtonvol ved bins conmputed (which is
the center bin of those extracted for estimating the anplitude and
frequency); Nnomis t I%2hbs the Rugieacy Sift B A dodal cop@adorbinihd N the 10

aut oconvol ved bi ng.g@apted (i.e. corresponding to zero lag); NC' is the

St imat ot by anal ysi s "B EUperETente Rebien-heed V2 Ak B B onuol ved b ns
conputed; 15 Fbin is thePpnhFEy of the ppakintbedFilgwvhigh isbaeentgrbiaf i s t he
crystal oscillator offsethdkéeiatié folpaifartiingfthegilienaysiuionpom i s t he nom nal
R carrier frequency afeihehe$Sidiahier ale plkBis & dduBliak Ly St A

|

oscill ator frequency. | e 1 gn 1S _bejng,tracke is possible to
reduce the 20 conput at i ocr?léalpu{eg ‘ﬁﬁlfigls%eeceﬁagﬁ%°gbbr°6%‘?3‘§f§&ﬁ‘§°ri f this is
desirabl e, by utilizing estmeingthesmplitydn and eauemAd: r esi dual carri er
frequency as esti nat ednom i He biprevbausthe nbmtrbpdabbindetieod. For exanpl e,
only thoseidins used in &RRonddiBY bR SohpliEDf 8l dRbspREdihPS BRed be conput ed.
(2) Signal Snoothing 25 lg\l?‘l |l e the signal is trackgd t he code phase and
frequency estinates &)

NY is the frequency adjustment (in bins and fractions of bins
relative to Np2) estimated by analysis of several adjacent
bins of the autoconvolved bins computed;

15 Fbin is the bin width of the original FFT;

WFxo is the crystal oscillator offset from its nominal frequency;

Fnom is the nominal RF carrier frequency of the signal; and

Fxo is the nominal crystal oscillator frequency.

While the signal is being tracked it is possible to reduce the

20 computational load of the signal processing, if this is desirable, by utilizing
the precise value of the residual carrier frequency as estimated in the
previous integration period. For example, only those bins used in the

. previous integration period need be compuied.
(2} Signal Smoothing

25 While the signal is tracked the code phase and frequency estimates
may be refined by a carrier smoothing process prior to being passed to the
location solver. FIG. 5 depicts the flow of such a process. The algorithm
illustrated is a block computation applied to the storad estimates from several
integration periods (arbitrarily labeled from J to Nj to corapute a single set of

30  measurements representing refined measurements for the final integration
period.

In the preferred embodiment, the algorithm processes differences
between the estimates from one satellite and those from all the others rather
than processing the absolute estimates for individual satellites. The reason

- 35 for this is that in the preferred embodiment of the location solver, differences
rather than absolute estimates are used becanse differences can be processed




may be refined by a carrier snoothing process prior 7th?bB'1e|yzgo passed to the
| ocation solver. FIG 5 depicts the flow of such a process. The al gorithm
illustrated is a block conputation applied to the stored estimates from
several integration periods (arbitrarily labeled fromJ to N) to conpute a
single set of 30 neasurenents representing refined neasurenents for the
final integoaiskamn period. In the preferred enbodi nepédpatoygsd gorithm
processes differences between the estimates fromone satellite and those
fromall the others rather than processing the absolute estinmates for

i ndividual satellites. The reason 35 for this is that in the preferred
enbodi nrent of the location solver, differences rather than absolute
estimates are used because differenced’can be processed 7 February 2005 WO
01/ 86318 PCT/ AUO1/ 00519 20 wi thout the need to take account of the

frequency of f setthont the heed ©fke @trotnt o &6itkeb@iney offsbl df 110 refeli@cd 1 equency
di fference estdspmigs 40 correspondl ng to a particular satellite signal are

sinply averaged in verage, carrier 5 frequency difference 43
is then used to prA%PﬁF‘ fr%?%?ydm? ﬁ“@fﬁséﬂcgfeébonﬁ%(%?ﬁl s prediction step

44 is used forPagioulepgatel Mﬁtélgp%ltaeeﬁmnlma@er@qéwt@ 42f Ghe asesge debmierf or t hat
satel lite to tiwguémy eifferemeasiic ewnmnbed to piodidt fobRfr® ifpradiCicaGipaat hem in  step

45. The predi cthifRedéten shp 443ESARr el E{lﬂﬁé ﬁgsmﬁ)ﬁﬁlﬁ% cﬂ%fgréﬁ"ée the code 47

determ ned fr ased 0 ere et ween the 10
Doppl er of f Seﬁ&]tﬁ%t%gtﬁﬁ% t\,\’%eclmestﬁe B %8}1]3& % veraﬂng e% esti mat ed

Doppl er of f sets®8*5t 9%@@“%“%“@&%@@9@0@@93@@&@8 ¢adewar d t he code
phase di f f er ert¢ dsteridingy/fridn istep ¢ which dvbagelnipod sheldsiffaaghct bewhal thewi ng f or nul a:

| Epi' Yi pg I-TOS Fﬁ@f)fﬁf@fsatﬁ offiBe ﬁar%r-lﬁdaﬁén-g?’gﬁ‘c?f 3 erthEEé asifled S‘g’gegg 1s
fl’gCtl olr[: of a g&@f&%ét# Ct%ge %r‘ ?&ﬁ(’:ﬁd tﬁPVggﬁ%Wirﬁép g%tl onal corrponent
of the real é’g‘aﬁﬁﬁéffﬁ“m?s Nlil#ﬁgraitlgn privdnpuag the frllewins formalae’ (41) to be

predi cted 20 f or Wepld;YpRi pFras(Holme¥me H Nelip/(Tet Egoraf(iFenFemy i od; Te is the
code epoch peri od wigrgdeterm ned fromthe tracking algorit hm and All other

q_uant ities 12re as pr e\"i’ﬁ"-"ﬂ)é/ is %ef ;ilrQu%gr.'ed code phase difference 48 expressed as

a fraction of a code epoch;
the Frac function yields the fractional component of the real
argument;
¥m1-¥m2 is the measured code phase (41) to be predicted
20 forward;
Tip is the nominal integration period;
Te is the code epoch period as determined from the tracking
algorithm; and
All other quentities are as previously defined.
25 The predicted code phase differences are then averaged in step 45 o produce
an average code phass differance 49.

(3) Position and Velocity Solution Computation using Code Phase
Differences

30 As previously discussed, a PV solution is computed by the SPS
Receiver 1 after code phase differences have been processed by the
aforementioned smoothing algorithm. FIG. 6 {llustrates the PV solution
process used by a preferrad location solver. The location solver, which
computes the location and velocity using the refined average carrier

35  frequency differences 43, the average code phase differences 49, the precise
satellite positions 52 and the approximate receiver location 54 as follows.
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25 The predicted code phase differences are then averaged in step 45 to

produce an average code phase difference 49. (3) Position and Velocity
Sol uti on Conputation using Code Phase Differences 30 As previously

di scussed, a PV solution is conputed by the SPS Receiver 1 after code
phase differences have been processed by the aforenentioned snoothing

al gorit hmwﬁbﬁsslﬁ illustrates the PV solution processyAdaeisRy a preferred
| ocation solver. The | ocation solver, which conputes the |ocation and

velocity using the refined average carrier 35 frequency differences 43, the
average code phase differences 49, the precise satellite positions 52 and
the approxi nate receiver location 54 as follows. 7 February 2005 WO
01186318 PCT/ AU01/ 00519 21 In step 502 approxi mate ranges 51 to all of the
satellites for which there are neasurenents are conputed. Since the

satel lite positiong skg 58 Hpabdidid Bfges BY 1 4l Mledhid Bz Rctthelohi S St Ep
LY L ovol v, kigukhehR L UbbiENtE Ob, Lo SRILSR A tucaghelhat es of the
satellite posi tl‘%n%i an%g he gtg r oXi na?e_ f‘ocaltl &R DSC‘_Z? TR fas al so
supplied by tH¥ dig Sepis his stepgaplinrelyesthgyrcion diflsreneg ofthrese vect or
di fferences arlrtaga eoridinate of the geslliBpositionssiné thestpproxhertelocdionanbi gui ti es
are resol ved aawhibeway8ia@Qpledds thd R sdinké 8r eRCRStof Ragiifidgonverted into
pseudor ange dighREERERS diAiendk ngéﬁmmﬁﬁaf gyjmate ranges Si are

ge o

subtracted fromthe Loxinmate r ) a reference satellite (as

sel ected for conpgﬁisﬁgg?’ ° esg aphgLBes e el vrd 2ad yheayerags e appr oxi mat e
range di f f er eribese diffasenses 49rage eravestbdfintp pheatemngestiffersnopetd. Akof bei ng used in
resol ving the thpapploxandié ginjgdsise sreaabBictikiiond the bfRofinkleogaafa f or mul a: P1- P2

= int ((RL- ) /et b8s : ' ditferel d of
Iilgﬂt;((Te iaf) trﬁfgfgﬁ%eﬁﬁg.%g gﬁgﬁéﬁ{;gﬁ(ag P%E)f%én%d E{fggl@ﬂ%ﬁeﬁ‘}gﬁdzfgﬁgeg 56 of

satel lites 1 &hd BRI “%h _%Fﬁﬁﬁf?i’%‘i"&?’élaﬁe‘éﬁsﬁésé’é Phates for the
sane two 20 dgingppediin sesolging de apech dyebigndtite aptezdies Withe folewivg bet ween t he
sanme two sat dbimdees. In step 58, the range rate differences 57 are

calculated fromt m_@@mtﬁl,Rﬁki-p&@%ﬁy@g]ag@%]r ier frequency differences
43. The range rat eW’JSjéré:f erences
C is the spead of light;
Te is the nominal epoch period;
P1 and P2 are the pseudoranges 56 of satellites 1 and 2;
R1 and R2 are the approximate range estimates for the same two
20 satellites;
©1-02 is the code phase difference between the same two
satellites.
In step 58, the range rate differences 57 are calculated from the Doppler
affected average carrier frequency differences 43. The range rate differences
25 57 are computed according to the formula:
' d{R1-R2)/dt = -¢c*(Fc1-Fe2)/Fnom
where:
¢ is the speed of light and
d(R1-R2}/dt is range rate difference 57 between satellite 1 and
30 satellits 2.
In one alternative embodiment of the invention, the current location
estimate 60 and current velocity estimate 871 are computed in step 59 by a
method similar to that for a single update of a Kalman navigation filter in a
traditional SPS receiver. In fact, if ime allows, a true navigation filter can be
'35 run for several updates to further refine the estimated PV solution.
(However, in this case the satellite positions will need to be updated from the




25 57 are conputed according to the formula: d(RL- RZ)Eegfuagyzoos
-c*(Fcl-Fc2)/Fnorn where: c is the speed of |light and d(Rl-R2)/dt is range
rate difference 57 between satellite 1 and 30 satellite 2. In one
alternative enbodi nent of the invention, the current |ocation estimte 60
and current velocity estinmate 61 are conputed in step 59 by a nethod
simlar toﬁvbhg&:ﬂ or a single update of a Kal man navi gaf/A@Rodsid ter in a
traditional SPS receiver. In fact, if time allows, a true navigation filter
-can be 35 run for several updates to further refine the estimted PV
solutjon.” (However, in this case the satellite positions will need to be
updated fromthe 7 February 2005 WO 01/ 86318 PCT/ AU01/ 00519 22 Ai di ng
Source 2.) The Kalman gain matrix, K %s given by the well-known equation:
K= PMI(MPMI+R) -1 and 5 X=XI NTT+K(Y-Y) where Y is the nmeasurenment vector
and X is the sqbigisomcsb plErMOEhA gaiCBRRI Kk he thogatifgnand vel ocity
estimates. Usifg.dhis equation, the initial state vector, X is set to the
approxi mate | ocat grbf om the aiding source with zero velocity. The first
prediction 10 vectdHr M BLEMERSet to the approximte range differences
derived fromthe apprend mate ranges 51 and zero for the range rate
_gi fferelncess 57. The=statexgovgiyance natrix, P, is initialized to a f
iagonal matrix w ] i t variances o
hre YRERE B, SREPLEREM L it SRR SRS

. T .
t he approxi mate | ocag|, I et es. ocatlron variance

on . and \
estimtes may be o‘i?P%i“H%lth‘F oGRtopsng gelooiyftgaSour ce 2 or a fixed val ue
coul d be used.Usiugdhis giuatigh, thesiniiial sigte verdari Xt & sebtozlgrappaminagtd s var i ance
depends on t hdoapph fred thdding ftrce MRGSAF BRIy, ViR GRIickiBA be estinated as

in a conveRrgi q;g@[br,y%%,ejs\é %?}g% ﬁnfa@arg?épgﬁeg&%%ﬂeﬁgﬁﬁm\!ﬁy ance matrix, R

Sat ol 1 o wer GOSN UANGRS 3 e 124 % P T8 BAAMFRENEESE er mo bot ween ¢ he
satel lites are hal¥hogtate qpsanaarematoik, B, irdnifialized neediagwel maitiewithat her t han
zero as in a dhnaerdsizemedontigcbé deiinatedveriapey W icMpRxira@datdion (54) and the
satel | i te posighii 0A8cifyReAmaed 196 186865k Jaﬂaﬁjc%te%rﬁat&%n obﬁln%&"ﬁ%lnon cosi nes
and the di "§ Cttheoﬂid?n% ollte gloI' gz E{B%r}fgﬁl% Cglﬁé BQ@. ;[xses. li'géAliSniﬂo vetloc?ty
estimate is zero and its variance depends on the application. The
measurement variances can be estimated as in a conventional receiver except
that the measurement variance matrix, R, is no longer diagonal. The fact that
differences with a reference satellite were computed means that the
20  covariance terms between the satellites are half of the value of the variance
estimates rather than zero as in a conventional receiver, The approximate
location (54) and the satsllite positions (52) can be used to determine the
~ direction cosines and the direction cosine differences form the rows of the
measurement matrix, M.




measurement matrix, M 7 February 2005 WO 01/ 86318 PEPREBIFHE519 23 CLAI MB
1. An SPS system for identifying the location of a receiver in the presence
of satellite signal attenuation conprising: a plurality of orbital
satellites sending synchroni zed encoded signals 5 on a carrier frequency
wherein said encoded signal s have repeated epochs containing

synchroni zg$ hgsiglat a; a receiver for detecting, acqupddlgedsieacki ng a set
of the encoded signals and sinultaneously determ ning the code phases of

said set with respect to said epochs; and 10 an aiding source to transmt
an apprOX| mate | ocation of the receiver and the position and velocity of a
plurality of satellites; wherein the Eecel ver determ nes a precise |ocation
usi ng the approxinate | ocat | on, the &atellite positions, the code phases
and carricer frequency differences. 15 2. The system of cI aim1 wherein the
preci se | ocat i@AINS determ ned using the offsets between the code phase of
a reference SI1gnaIAnasF$ ﬁ@xﬂf@fldénfﬁeyl@qﬂélocéﬂ%ﬂ%?ére%él%}‘l&ﬁ{ééﬁ ds0Ral- signals. 3.
The system of g: 1‘# g&&{ugn%£ receiver transmts a réquest to the

ai di ng source an es%g ﬁ ﬁg source transnits an approxi mate
20 location for tHe Pl ﬁateﬁiﬁ"ﬁ%éﬁﬂf@#o”&eﬂleﬁ?oﬂe%ﬂa& n the receiver
detects andb a@qalca@srﬁmewwhemﬁn sitadettdsiggaabhsveuspeagd apshar ch nmet hod in
whi ch the recebmgihingisirihrahelet &ata;and acquires stronger encoded signals, if

and when avai |l abl % @mrﬁpﬁﬁec\ﬁ,ﬂ ta@ﬁ&ﬁ%fﬁgcl&%%%'e{ﬁ%e"‘%gkcEsr s1egp1£10ded Si gnal S.

.25 5. The syst ej'ver con concur r ent

sear ches for t%ueg%&qtqrp%@n%%ﬁ%ﬂ@ hages ofigaidt sefwith FHSBGF’VE?I aim1 wherein
t he receiver ﬁ@étﬂmcbi gndts search by estimating code phase differences for
addi ti onal wsat el | iah @Rlirgfsbeke mgﬂtwa@mmms&&mmﬁédm}e 30 7. The

system of cl ai,3 §e cﬁ:léﬁd%l%m?f&%‘ Y, c&edﬂ ﬁg@ its restricted search if

any additional sat ILt S are [ acquired. 8. The system of
~claim1 wherein t & WFWGT&@I@B@‘P]D’&%%W%‘? %Woﬁflm% lurality of
satel lites, tRBROHnAE I@ah@qmtellitwosmcs, tewdt plesisdedcariees of a
plurality of $mafehtydifaends i n response, the aiding source transmts each

15 2 The system of claim 1 wherein the precise location is determined using
the offsets between the code phase of a reference signal and each of the code
phases from additional signals. '

3. The system of claim 1 wherein the receiver transmits a request to the
aiding source and in response the aiding source transmits an approximate

20 location for the receiver.

4. The system of claim 1 wherein the receiver detects and acquires the set
of encoded signals using a search method in which the receiver first detects
and acquires stronger encoded signals, if and when available, and then
detects and acquires weaker encoded signals.

25 5. The system of claim 1 wherein the receiver conducts concurrent
searches for multiple satellites signals.
8.  The system of claim 1 wherein the receiver restricts its search by

estimating code phase differences for additional satellites after acquiring at
least one satellits.

30 7.  The system of claim 6 wherein the receiver broadens its restricted
search if any additional satellites are not detected and acquired.
8. The system of claim 1 wherein the receiver, after acquisition of a

plurality of satellites, transmits a request that includes the identities of a
plurality of satellites and in response, the aiding source transmits each
35 satellite’s location and velocity.




35 satellite's location and velocity. 7 February 2005 e¥fati?@3318

PCT/ AU01/ 00519 24 9. The systemof claim 1l wherein the aiding source
determ nes and transmts the position and velocity of a plurality of
satellites in response to a request fromthe receiver. 10. The system of
claim9 wherein the aiding source determnes location 5 and velocity of
the pluralydyphssatellites using ephemerides data rgGeinifsbsief rom the
satellites, Fle tinme of receipt of the receiver's request and the

transm SSI on |atency of the request. 11. The systemof claim1l wherein the
receivertransnits to the aiding source receiver information selected from
a group of receiver information 10 ipcluding: location; speed; heading;
hei ght; 15 solution node; satellite identities used in a recent |ocation
solution; and code phase differences. 12. The systemof claim1 further
conprising a ®all Thakpsterh of claimi Ingheein therabibaseiuirg déegdhséand | ocat i on

i nformation. 2WndBits thé ﬁtjtﬁltaﬂﬂma&;l lofh fadeditybre gl source
further trans% st%&tﬁo Qi mat eﬁl ocgltul on of £tt6!ﬂ11£bsﬁﬁe%& vertgtgo t he call

t aker. 14. T em o |m 12 wherein the aiding source further
transmts the ﬁ;g) §BY n68 {39 “@Pret‘%@era@élﬁs%m flgfenmpges dogpiont aker . 15. The
syst em of ¢l aiepdl Yelogiigoéthe pliditpplkaielitesowing eplbateeides dagseived eci se 25

| ocati on for fhe theesdliies, tﬁb&ﬁ@eﬁbf@@&@tbﬂtﬁ@fe@%f@quh&@&nd’ﬁ@ transmtted from

the recei ver h;gsmgmlg%ﬁ |m 1 wherein the receiver perforns a
snoot hi ng ?iatl n on t s of the atten&é% signals. 17. A
net hod for Ej‘f eEﬁ’:‘h SFreileT Lpns o aldiag t he 30 presence

of attenuat ed S%FWFEIW%H@TQWEWSSB@QEMIPW%%Mmmvﬂanﬁomﬁwata conpri si ng:
‘recei vi ng andistwidagng al manac data for regional satellites by a receiver;
sendi ng an appr oxijg@tig:! ocati on of the receiver from an aiding source in
response to a request fromthe receiver;

headmg,
height;
15 solution mode;
satellite identities used in a recent location solution; and
code phase differences,
12.  The system of claim 1 further comprising a call taker for using or
processing receiver location information.
20 13. The system of claim 12 wherein the aiding source further transmits the
approximate location of the receiver to the call taker.
14,  The system of claim 12 wherein the aiding source further fransmits the
precise location of the receiver to the call taker,
15.  The system of claim 1 wherein the aiding source determines a precise
25 location for the receiver based upon information that was transmitted from
the receiver,
18.  The system of claim 1 wherein the receiver performs a smoothing
operation on the code phases of the attenuated signals.
_ 17. A method for determining a precise location of a receiver in the
30  presence of attenuated satellite signals carrying synchronization data
comprising:
receiving and storing almanac data for regional satellites by a receiver;
sending an approximate location of the receiver from an aiding source
in response to a request from the receiver;
35 detecting, acquiring and tracking a set of signals from a plurality of
satelhtes,
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35 detecting, acquiring and tracking a set of signals froma plurality of
satellites; 7 February 2005 25 determ ning sinmultaneously the code phases
fromthe set of signals and then determ ning an offset for each code phase
with respect to a reference code phagé sendi ng a request including the

identities of a sety Sak | di ng source
and returning the pogﬁttl oréil}nh%&% '{is@;g u}(fe1:'hfa§e%ea}é‘n ?gé?gggs]g%agg satellite;

det er mi ni ng a ggghan @ﬁﬂgmwfsﬁph@chh@d@mpwﬂmwclTg@at| on, al manac
data, code phq%férgicgf:@de gRs and satellite positions period. 18. The nethod

of claim 17 further r|5|ng di ng. recei ver data the ai di ng
source. 19. The rretq‘?B r’% Tegpesi g 'i‘gn g@?@?%%ﬁ%‘*?&é@?‘b@? B s data from
-a group of dateecivercd theiatighig smfceamelretdrmagthe(msmomm&Ivmeémsmed, recei ver
headi ng; rece| v I he'%hafg recei ver solution node; satellite identities

used by the r eCst et 11ér’m nation of a location solution; and receiver
det erm ned code phaireelmmm&&mmSomﬁonﬁmmeammmtedbcaﬁm,ﬂ further

conpri sing Segﬂfn?xgacrd%féeéo‘ﬁ E;h&@ﬁ&feréﬂciﬂgh@%eﬂﬁéjﬁd&ﬂx rﬁ}ﬁ to a call taker.

21. The netho | arm 20 wherein s recei |s data froma group
of data includi®ng: Thedasthed oficlimli/ dprther FWWS%‘B@%WW’?T@@ Qer headi ng;
recei ver hei ghhe aldﬁ@q;@m\g@r sol ution m)de satellite identities used by
receiver in determ | uti o and recei ver determ ned
code phase di fKer er ot e i SO DAoL 0a1 0 det ect ] N,
acquiring and gwlqndxﬁdag mcludmg.
recetver location;
receiver speed,
receiver heading;
receiver height;
receiver solution mode;
satellite identities used by the receiver in determination of a location
solution; and '
receiver determined code phase differences.
20. The method of claim 17 further comprising sending receiver data
from the aiding source to a call taker.
21. The method of claim 20 wherein said receiver data is data from a group
of data including:
receiver location;
receiver speed,
receiver heading;
receiver height;
receiver solution mode;
satellite identities used by receiver in determination of a location
solution; and
receiver determined code phase differences.
22. The method of claim 17 wherein said detecting, acquiring and tracking
step includes a frequency and amplitude signal search in which a search
amplitude threshold value starts at a some level and is successively reduced

to allow stronger signals to be acquired before more attenuated signals.
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step includes a frequency and anplitude signal search in ich a search

anplitude threshold value starts at a sone |level and is successively
reduced to allow stronger signals to be acquired before nore attenuated
signals. 7 February 2005 WO 01/ 86318 PCT/ AU0O1/ 00519 26 23. The net hod of
claim?22 wherein a frequency range sweep is perfornmed prior to each
successi veyhedski on of the search anplitude threshopgyy@htfie 24, The
nmet hod of claim 17 wherein the step of determning a position solution

i ncludes a determ nation of pseudoranges to each satellite using said 5
code phase differences. 25. The nethod of claim 24 wherein said

determ nation of pseudoranges is madg,using cal cul ated approxi mate ranges
to each tracked satellite. 26. The mat?wd of claim 25 wherein said
approxi mate ranges are cal cul ated using the approximate |ocation and the
satel lite posi®Bi orghe methoppf claing @ vbereinarfregsency rangmsvBPBisppsormedf or

det er mi ni ng a pribeBicsch fuo@adiveaddidion bitBe RafhARGAHAE tAthERUALed satel lite
signals coMprisl NGthednddiAD? Bt 1 PURMEAN, {0l ora6HNG, L BEST S O 115

appr oxi mat e | ocat.i on nd satelljte I Tl es > rnal aiding
source; ar ecé’%’]?llil%unmﬁ]élaﬁsa 'fegqu'né%%‘i" ?/tliHﬁE}‘%PW@ge&ﬁ?ﬁ”ﬁk PHeite wwgsidon and
satel lite 315 cpésihasesiseranrgs.vel ocities fromthe external aiding source; an
antenna to recei verbe natisdiof tleith Seivkérbintgid dbghgh&ionaf plet@dthdged @ filter and

sanpl e the si giab ssihLeE@dYRN @br&&t@%?é&@@éachga&e&%@%h{ey of signal
correllators § ch{hggn&gl%h% (t}ll.n 5 ageg%u 1.0g_an tracking a signal; and 20 a
control circuit, inctudin ﬁ’%%e‘g LAY “PRIFOMO™ RSEYEE n sai d control
circuit det er ilfeated H@nﬁz%ﬁéPR?PPﬁ@étedWﬂgm@dftb?ﬁéﬁ itppesitianst y of det ect ed,
acqui red aid t2Fackedbviratelusé inensSPgr@dtan fon déthenifing b atecisylooftionsh gnal

correllators amdbshda®hs sdindae@af1RRaBR0E3RER I N @ deternmination of a
| ocation sol ution i The dévi ce aof cl ai g{\) 27 wherein the

f the device. 25.28.

control circuit aé]h%éfrgm%?%?%anng or Sﬁ%df?geﬁeg‘éeftﬁforbtﬁg%’o’ﬁ"ﬁ‘&tﬁ HEY ecei ved
approxi mat e | Gehistdiie eatidesde epedernelaiding seutcsr. 29. The device of claim 27
wher ei n control ciaregptionshéase fs rakighglthappaatimaniocdtion whd el r onger encoded
signal s areg a@ﬂﬁﬁdx@dn@@élé&i&sf&?&&h@&:&&ﬂ&ﬁhﬁég s%tgu;cé,j gnal s b)é SUSCGSSi vely I
increasing a corr ignal. Jntegration period and successively
reduci ng an anpli %%@ﬁaﬁgéﬁgﬂv‘a%%%'%lé?d%%.ﬁgelﬂ%m%evi ce of claim29 wherein
the control circu®CUgfs "é’@?@r drspglgdhrogjenals received at the antenna;

a plurality of signal correllators each for detecting, acquiring and

tracking a signal; and

20 a control circuit including a processor and memory;
wherein said control circuit determines the code phase offsets for a
plurality of detected, acquired and tracked satellite signals in the plurality of
signal correllators and using said code phase offsets in a determination of a
location solution for the device.

25 28. The device of claim 27 wherein the control circuit adjusts a signal
correllator based upon. the received approximate location and stored almanac
data,

28,  The device of claim 27 wherein control circuit effacts signal detection
in which stronger encoded signals are acquired before more attenuated

30 signals by successively increasing a correlator output signal integration
period and successively reducing an amplitude threshold value.

30.  The device of claim 29 wherein the control circuit effects a frequency
range sweep prior to each successive reduction of the search amplitude
threshold value.

35 31 The device of claim 30 in which the control circuit computes estimated
Doppler offsets of the carrier and code frequencies of the satellite signals




range sweep prior to each successive reduction of tAdFebrarc?@nplitude
threshol d value. 35 31. The device of claim 30 in which the control circuit
conputes estimated Doppler offsets of the carrier and code frequencies of
the satellite signals 7 February 2005227 using stored al manac data, the
approximate tine and the approximate |ocation to restrict the frequency
- range. 32. Theasbgwsiorel dmamdcaiatn B¢ apdrexisiate tinhmanddlnt approxdmateui t conput es
pseudor anges o eac rasqﬂ&itﬁgges%}melr%tee usi ng said code phase of fsets and
cal cul at ed app?om%aot & ranges TETPVEF T rom t he recei ved appr oxi mat e
~location and skt el ITheelepiosof dlams27 WiRreih theaxonted eirowt canhptesr ecei ves si gnal s
fromsatellites in order r.pt. . cat i d based on its
di st ance f romqsﬁueéaﬁaﬁlggmsﬁoS%C%cagh%%%dce%ﬁmlt%%g‘%t%%& Oggpﬁggfefggga gl lites and
whi ch i ncor porcaicelted ahprosiiveateraogss detiwiddrom the repeivhd dprfroximpteocessi ng t he
signal s at the1 gaggﬁgf%a%rlitg%ﬁ%nsi n order to estimate the anplitude and
frequency of t REHEoF T e atle signal and to detect the presence of a signal,
conprising: pricesdnagedeiveethdonedives siggaiafromantslites invaler forfits ewd i nt egrati on
peri od; tr anSlI) ik Poqne%olm Aed H2H ogf'tstdﬁ?an§ Fics 1&90&@'09 c@[ﬁgﬂtgﬁ egration
period to the frequency domai n flrequency ins; Tdentitying a peak
f requency bi n loctives ofithaye sdiellitea pgbwhick teptpesates rdgrdvwaneientrelateyl i ng a filter
process invol vj t . i [: i . r gocy bins with
t he wi ndow cerﬁ%@’gﬁ rg)rrl&{%%édgg@éa%% %Sggﬁgﬁ%%@\r@“ﬁ’&é%%@n‘é%ueﬁgﬁ Fﬁe anpl i tude
and frequency thé arhplsuds apd diteqhienoyrof the comvilaickbsienh] bidhto;detpet thet i ng t he presence
of a signal wt e I gquency and anplitude. 34. The nethod of
cl aim 33 vvher&r%e%%ioégt%ﬂ%%g#%&ﬁl{%ng step involves the wuse of a transform
met hod from a gr ouprekssingaimsfdomainsignhicaspienwievalfixed istegr@ionpesod Fouri er
Transform Fast Foyfrl Tr f Fouriec : ..qThe net hod of
cl aim 33 wherein t#reangfr Iénpl)mggﬁ 8%%’%"‘%%&#‘?’}"? g’rltﬂﬁl?%@éésggm l?rhg%?ges t he
aut oconvol ut i dotheffraghency dotmem infrequencioliesi bins to elinm nate the effects of

data transitions. 36, .Fh [ . ' ' tep of detecting
t he presence of aug?nél a g?ﬁ%ﬂlﬁ%g@éng?%@ﬁp@%ﬁg%ﬂ%&%sn‘aohlﬂ)ée} of frequency

estimates to gespnithde;t hey are consi stent.

applying a filter process involving the application of a window to
the frequency bins with the window centered on the peak frequency bin;
estimating the amplitude and frequency of the signal from the
windowed bins;
detecting the presence of a signal with the estimated frequency and
amplitude.
34. The method of claim 33 wherein said transforming step involves the
* use of a transform method from a group of transform methods including a
Discrete Fourier Transform, Fast Fourier Transform and Fourier Transform.
35. The method of claim 33 wherein the step of applying a filter process
includes the autoconvolution of the vector of windowed bins to eliminate the
effects of data transitions.
36. The method of claim 33 wherein said step of detecting the presence of
a signal includes a comparison of a number of frequency estimates to see if
they are consistent.
37. The method of claim 33 wherein said step of detecting the presence of
a signal includes a comparison of the estimated amplitude with a threshold

value.




37. The method of claim33 wherein said step of det &cksbmgpry Be0pr esence of
a signal includes a conparison of the estimted anplitude with a threshold
val ue. 7 February 2005 WO 01/86318 28 PCT/ AU0O1/ 00519 38. The net hod of
claim 37 wherein said step of detecting the presence of a signal further

i ncl udes a conparison of a nunber of frequency estinmates to see if they
are consi syeni/s63189. The nethod as in clai m38 wherei act/Rg18isepsS are
repeated with the 5 fixed integration period set to a short tinme frane and
the threshold value set to a high value to detect stronger signals and
progressively using a longer fixed integration period and a |ower
threshol d value to detect weaker signggs. 40. The nethod of claim 39
wherein the threshold value is set using a function of the nmeasured
carrier anplitude for a previously detected signal. 10 41. The nethod of

cl ai m 40 wher é6n tTe thetheldfohirs 81 whirbie stilkes boddlecvias e presatkt bei ent |y hi gh

to reduce the safgh@GhrtRir 161088 a 6RhpSkH & ' k det ect ed
signal. 42. T&geg:n rigsiﬁénqiam 3% mﬁierfg?lﬁl%b%lﬁébf??%egﬁ%kg%%% ion period is
of a

set using a func Fggg ‘I'xed integration period used in the detection
of a 15 previ o'tls S']i‘l{jﬁ%qt}_md as in claim 38 wherein the steps are repeated with the

5 fixed integration period set to a short time frame and the threshold value set
to a high value to detect stronger signals and progressively using a longer
fixed integration period and a lower threshold value to detect weaker signals.
40.  The method of claim 39 wherein the threshold value is set using a
function of the measured carrier amplitude for a previously detacted signal.

10 41. The method of claim 40 wherein the function sets the threshold value
sufficiently high to reduce the atffect of cross correlation with the previously
detected signal,

‘42, The method of claim 39 wherein the fixed integration period is set
using a function of a fixed integration period used in the detection of a
15 previous signal.




