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10 System {GPS), the Russian Global Navigation Satellite System (GLONASS})

- and the European Galileo system. More specifically, 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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of the | nvent bbwary namgatlon message at a low data 1ate (e.g., 50 Hz). The carrier to noise
ratio is typically very low (e.g., 31dBHz to 51dBHz) at the earth’s surface for a
receiver with unobstructed line of sight to the satellite from its antenna.

15 However, it is sufficient to permit the signals to be detected, acquired and
tracked using conventional phase-locked loop and delay-locked loop
techniques and for the data to be extracted. :

The process of tracking the code of a signal in a conventional SPS
receiver involves the use of a hardware code generator and signal mixer.

20 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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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

i ntercept these signals which carry data (navigation nessages) nodul ated 20
onto a spread spectrumcarrier. This data provides the precise tine of
transm ssi t.certain instants in the signal along_w.th orbital

par arreters‘ggf1 63glg preci se epheneris data and | ess pregnréélg'gmgpnanac data in
the case of GPS) for the satellites thenselves. By estimating the tine of
flight of the signal fromeach of four satellites to the receiver and
conputing the position of the 25 satellites at the tines of transm ssion
corresponding to the estimated tines of flight it is possible to determne
the precise location of the receiver's antenna. |In a conventional SPS

recel ver, t he WSO8 SinddY 1L MSech SRR IYORY SSafiSt 5Bt i NG
e s Ol o e o B epggmrese (he

preci se | ocation an cK
conput ed as t H{ERY§aFEne techpiangcat petke grd te detedt] doneira andtttack thesscei ver
mul tiplied by signgssMemdvayf undegthése atrchimsaricusemil tiesignaRloaldet the distance
ot f ra{‘gg' betd\é@etgd,itllfiecam&%-hﬁgeema@gftatdm sig%a@role@,tzm Té]?nagbggs Igga, II i ght s
estinmated as en rans i.op determ ne

106 Il ELEPERA SIS &8?’%1“%8 aﬁé?g?’f‘ﬁ ned using a

fg, L e H

from the navigation nessage and the tims: B
clock in 3s t ¥ iver. Since the receiver's clock will inevitably have a
di fferent presentPrio} sk devices have apempted toonintmize braskrcoke thhe satel lites, the
Lour range 7 Eamda@mgsag&%hmm/ogi@@gaghﬁa@yﬁew%qgggﬁhgn&hpnput ations wi :I )
ave a CONEPN 8HiLO a1 inkNe. [FOr | or in the.receiver's cloc
nul tipli emy at&‘é&gaj)lengg ﬁ‘ofm%ﬁﬁ?‘%“‘aﬁe go%ee#ﬂggg?ew sEPIN tes it is

possi bl e to sOfVRE§°QBtarpiaRsgirsion srgcesde belence thirishertsbeh t he recei ver cl ock
error and t he itfoemtivpresulting frem diret attamantod signbls. Bxaoypld of erbdewemnt s ar e

avai | gblje it I iafe taight in thOFeEdN © TaPoFRLE (DS PRedi B, L 2531ERidedRd C! ECk error
provi ded at : ' S C i es,hS redady nown.
Oten, thi % s?fﬂgﬁﬁu@%@rﬁl&%gﬁgégfl%gﬁd%%ﬁ%%dg%ﬁe%? faﬁgefl ﬁ(}éﬁ%ﬁg%ﬁl titude of
the antenn® THEUE ﬁ&?@%ﬁg‘?ﬁ”ﬁ andephmerides) dgamesUsdRteat Nar ri er si gnal
which is 10 bP§hasde) (aidpdibattadsrggsicn of Doppler eanetoyshiftslakysep(@adi ng code at a
relatively hipglni™h6opi, 160) (aidl By (:@nghissich & Dapdkidleqadidy LY, bi phase

dul ated b | . t .9., 50
) The car r faue BB s 37 O R EE R, B MIORRR % %5 Cale o

- 51dBHz) at t hgsegg?wegagﬁgﬁ%%él(ﬁﬁkmﬁny %é@ﬂ/éﬁy%%ﬁ bysselliter uct ed 1 ne of
sight to t¥e 3k8afq qaiad; Foowis tited (GHPasentdlo. 3.81Habfeidled by teldcsdsuf ficient to
permt the si etdlis eplerhpidde tiRehar iondaghbie] e, dbdhdorangs 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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tracked using conventional phase-|ocked | oop and del ay-1 ocked | oop

techni ques and for the data to be extracted. The process of tracking the
code of a signal in a conventional SPS receiver involves the use of a
har dwar e code generator and signal mxer. 20 When the |ocally generated

~ code is exactly aligned with that of the incomng signal, the output from
~ the m xer contmanysappbcatiooketheriaiaticatdatris atedad promigdyend theteorpamdwi dt h of t he
signal is rmch ess dit ¢ be filtered to greatly increase the signal
to noise ratio. Ilatz |u3%‘?smﬁ%ﬁé% y done using a decimation filter such that
the correlator output sanpling rate is nuch |lower than the 25 input
sampling rate ﬁnet% sc thEﬂﬁreﬂH&PUt conpared to 1.3MHz at the input).
Al so, in the me—o%—%ﬁrem time of transm ssion of this signal
corresponding to an&ngnnb@innemtstfawtpr@tenttimnhmmov@%azla%nthb(éaldbt erm ned by

| atching the s 1.8 t:h ]ﬂ%g%e and by
counting 30 th%%coaoeu%e%%ﬁés%a\%%tpgl n e cggt% ﬁwgl?dtstrhégvd& it y counting the
bits within eladh:pmmmbeofo!:tshre:terdawiv&gdt$atﬂﬂit¢m13%qewlaﬁ@laﬂﬁ}”1‘ébunti ng the words
Wi t hi n each suthra‘n f i1 and decodi ng the

. 1am rgbusttpe% I%ﬁ%ﬂq% gle?:?éle gg{l))?lg gl%%a'f% o

times of tranSm esion correspondi undaries. A simlar
schene can be usedAJﬁcnherambocBﬁ&tHﬁﬁommamﬂpﬁﬂhﬁwmmﬁlm receivers can

suffer fromtrqu I in the presence

of weakened trans rhﬁggt?%%l %?%%g?w 7 @Eﬂor ugqﬁ%&i%ﬁ%@@&

PCT/ AUD1/ 0051 9cBfoktrmne when this piding fdilsne of si ght between the antenna and the

satellites is ObStA%gﬁe?ngéduﬁ%%fﬂlgﬁ%R 0 BRVRES] devRE HBNREEL avhen they
echni que

_.

(V] =

reach the antenna. nventiona can not be use to det ect,
acqui re and t rramkndl féseTo BirggAxl(§TFINbr eover, under these circunstances even
if the signal could ey -t o- ROl Se #o of a GPS
signal, for exanpleée A(l? t10 alge?ﬁb%ﬁﬁq%gt\fvv&lgge fg\??ﬁ@ﬁg%h%ﬁlgglg—é and as such it
i S not possi blmvetrnmeastqoatamedlhaeendata from the si gnal s. Pri or art devices
have ALt enpted 10 MERlsAPy Rl HRYCLEANTERCS BeviBlBRAGRTLAREI OUGN, L he use
of aiding information Ft enes tiona ormation is
external |y supypith mdembochlhmtSP&srlewmvenalmehMm'gihﬂgvdmmmwngecondary
transm ssi on sgurce I a hon resul ting
fromthe attensugf ec’i?ogldetec @mﬁgﬁgg&tﬁ(m&aawﬁ Eee\%sgﬂéfslﬁég% faught in the
patents to Tayduoh amthos that(nusltmatrentve&let andipdiop locad)n, rd ehesabuksy  satel lite
al mnac data); IPF%WP%JU Patent No. 5,418,538) (aided by differential 15
I'n

satellite posi Sor mati on and ephemerides); Krasner (US Patent No.
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




5,663, 734) (aided by transm ssion of Doppler frequgnli:e;l/)m 17‘?955) Kr asner
(US Patent No. 5, 781,156) (aided by transm ssion of Doppler frequency
shifts); Krasner (US Patent No. 5,874,914) (aided by Doppl er,
initialization and pseudorange data) ¥Xrasner (US Patent No. 5, 841, 396)
(aided by satellite 20 al manac data); Loom.s, et al., (US Patent No.

5,917, 444) ( ai ¥eeVgyscading ap approximptsi|pqation abfhe Frseiverdfeom at Hdif&c, i onosphere,

ti me; pseudor ameqatas%ﬁtse V' Srequestiréth tttetl@cdur&%te@m;g quadannhase

attributes); Krasner Patent No. 945, 944) ai ded by timng data);
Krasner (U.S. S@“@f@"@l@ﬁ“’@&b’d{f(&meg‘}e TBYERE ssion of data from
satellite si gnﬁhﬂﬂtaﬂt‘éomv%de 1Hashs Fidnd thE Qétféﬁ.f;lgﬁldlls SrRGH Rfermffind i onal
transm ssi on capabl lities. Faor exanple, aidi i nfornati on maybe sent to

the SPS recei v&° S&%torlaaca&amlﬁtﬁawt%&@wttqaéetere&ﬁ%?ﬁdﬂpét%’ or wireless

t el ephone syst @fBing ASequbi Gitiudidg ths iddn®iddF h kG ANtarEéaRAdR: t O reduce the
quantum of aiding inforpmation suﬁglled to limt the use of such additional

resources. Forfe8aveiaihserimgsuice phbrepgniag thsnositiges apdwelogities et communi cati on

network is be'élﬁhrdq%@éﬂedéateﬂﬁénﬁéﬁhﬁmatﬂlﬁn@h%lﬂﬁoﬂd%fr@rﬂi@t' on, the voice
communi cation will ~be interrupted by the aiding ness (gséFelThe ai di ng

messages nust IREPINYE Locaion, dlmagpiydytd, sedephass differengss gp s |init the
voice interr upﬁdsgﬁgsf)&(ﬁol erabl e durations and frequenC| es. Also, no natter
how the aiding data i1s 35 co nicated, its comunication wll delay the

operation of the relesopding tojagotheraspechaf the prsgent mvenlip, WESIE cat i ons t he

| ocation dat a provil@PSesidRIOMNRE iy arPS¥h dydRMEbPdRerdiiting 8 ffedie MUSt be
m nimzed. Brief Description of the Invention An en%)odl ment of the present

i nvention proviPgRtEn N %Pﬁ-‘éﬁwaﬁﬁaﬂeaw%@tq“&ﬁ Sigas POIRYISEgE 81 | i t e positi oni ng

system t hat ha@adsﬂ&é@ﬂﬁﬁmﬂﬁbf @hﬂiﬁ@@&lueétﬁfo} h@aﬁr@ﬁﬁ%%@ﬁox@ﬁﬁﬁ ructed or weak
satellite transm ssion signals . mai ntainin robust performance in the

presence of st$HHYe deglitis Oa%ﬁ%%rﬁfélaldé‘?ﬂﬁ%l:fcﬁe%ﬁec‘f nawas fBer f or mance of the

system utili Z'r@@amﬁ%ﬂie"ﬁﬁﬂ)roﬁiﬁa&rlﬂéﬂtmﬁ%ﬁd Seli NG Podtibds@ndRélpsiaéni ng a graceful
degradation in ormance when this aiding fails. Another enbodi nent of

the invention %?rﬁt;}}ecfé?“é? gdipesauree 2 anieRnade deceiye tapswiled satellife To First Fi x
(TTFF) . Additiggals; @Ht)&ﬁtltaﬁntrsanwstrhptémea@@ﬁrs%eewfeaa{th& Rfedpsgri ption of the

i nventi on as cont |ned herein, Consistent with these enbodi rrents a devi ce

made in accor diwelty ofsignal sarreliatessieac dor dstecting, gcquinngAnd ackibg i zes a novel
si gnal processsh?ﬂl af@® B 8tRrof Sifcudleh@SdihdIproBGasH Jnll REnRRE WiHeRSKIHBY at t enuat ed

satel lite signals
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 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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such as those that m ght be received at an indoor |ocation, and conputes

| ocati on solutions. According to one aspect of the present invention, there
is provided an SPS systemfor identifying the |location of a receiver in
the presence of satellite signal attenuation conprising: a plurality of
orbital satellites sending synchroniz 8 encoded signals on a carrier

f requency wher iyl e SAGRAEHSL ARRLR LANS, baReal Gflngpoghs containi ng
synchroni zation data, a Trecelver for detecting, acquifing, tracking a set
of the encodedrasiugpealban; gstimatiog thel anaplidsigsng fidenesendfithmgigndh&omode phrases of
the set with rgs 4 . Mol transmt an

~ approxi mat e Iocaﬁﬁ{g&)w%?bl%llggetere el gg?e%g%%gé%ggﬁﬁ%;&gﬁa{e@el ocity of a
plurality of skaguendyradampliadei n the receiver determines a precise

| ocation using the RER, j [ i 14 ons, the code
phases and carrier ?@equen@@@%&%&%@%&?#%&%@ |S%{geh%t%gi§¥rlfeg€%{gr aspect of
the present i rvisimilenternaliesepplisd aigmpiifotedtien. net hod for deternining a

preci se | ocation ofygief GEChYEE addln tdlfonsPlod gﬁbgthe%&aﬁ?&gﬁa%sate' lite
signal s carrying synchroni zation dat conprising: receiving and storing

al manac data faying eyresredy sypplzitwe twss efjinfarmatioalin emeylc2006Eeeecei ver ;
sending an apri¥nffidid S6RE bR anldBfokfiRING o AL @i di ng source in
response to a request fromthe receiver,; detecting, acquiring and tracking
a set of si gnaireferablytn within 20k andyersiniy it the GPS ease todkeithin MOkinmg  si nul t aneousl y

the code phasafolie el ey 2l LRfR: fRIRRELA N0 an offset for
each code phase w th respect to reference code phase; sending a request
i ncl udi ng t he velbeities for & seffof tracked satdllitemiladsp patedlife posisions sl recei ver to the
AL dino, sour o RGaEEh W DphOPLPAS bishdASu A ot EGGE &5 B e 2ach T eduest ed
satellite; determning a po_gl_ tion soﬁ ution using the approximte |ocation,
al manac dat a, seteldites.g¥raivuhet pidingiefhueationisdikels tadiei ieeded. positi ons peri od.

According to anot h@en%fgﬁciﬁe Qvide¥R1cBE GREMquir@VBR bQMelhl&6f 1S  provided a
device for use in apn SPS systemfor determining a precise |location in the

presence of ateskngbwed wopafpimagonfrom intermally Hors ac data giddlisni ssi on neans

for sending regpesitteatiod SccdRA TOH thPdiGing Hriel Ofteabghireaidgh! i te identities
ource; ans for . receiying the

to an external, ai din : eception

approxi mat e | SRR R A, hEO s ey L RR g AR QL ST - om t he

ext ernal ai di rwpak satallite sigizats rathtrehaahd wanswGabvemt danwithihtted satellite
signals; a cirgcui | gm: e. I I } at the
antenna; a plfﬁaelrd%‘j{nﬁggrtg*' Lﬁs??éoﬁfggﬂ%sgr-re ﬁsééﬂgggﬁgggﬁ’e%g%ﬁ.%@{h‘&é’g |eng, acquiring
and tracking anstast sgribat theggrigla epneraen tinae ofapaeipyiThen, by Kefeimigingthpr ocessor  and
menory; wher eigitddi8es 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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control circuit determ nes 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 determ nation of
a location solution for the device. cording to anot her aspect of the
present invention, there is provided“in a receiver that receives signals
fromsatellites in order for its own |ocation to be conputed based on its
di stance fromthe known or conputed |ocations of those satellites and

whi ch i ncor porBuief Description whthe Drawinge| at or, a net hod for processing the

signals at the corrg} : ' j : : l'itude and
frequency of the corr%f’ge{nggwssP%?t&abﬁgﬁgﬁ%oﬁg%%%mﬁgﬁ%%mgg of a signal,
conpri sing: prideesyel tgsettigites tprasénh cxagiptps af the wivpntien anddanogsdyeded i nt egrati on
period; transfgrm Rlabizgr some of the sanples within an integration
period to the P@edﬁg c?zﬂ main in frequency bins; identifying a peak
frequency bi n HEnt santaignactdéagranr dreaibingdhmiplestiona gefveercrs2idiggpl ying a fil ter
process 1 nvol olie N 30RL LAl hddliscP i o iiQPHLPSYS £BlyerBedftifiglow Lo the
frequency bins wth the w ndow centered onthe pea requency bin;
estimating thdoanpmihodueenbefdhis meetiency of the signal from the wi ndowed
bi ns;det ect | GGt g aMRRRRCRxEhind o¥l el alphiinlBorint yept d  frequency and
anpl i tude. The schene may nmake novel use ‘attenuated satellite signals
and ni ni mal exbedimeny of thisjippintier fos peguimge sa¢lbte menals measynageodehe scheme and
in response tqackaguest . Bt CRLNY Sompithe RhdbRAg.sSour ce may supply
two types of ﬁjn%gr’n%{til on in gr}ﬁegrgg?%%_setq’ugﬁge. gp%rst?gthe ai di ng source
provi des an aplififestcersand computing bandedt lachtion; ecei ver preferably to w thin 20km
and certainly g8 % he & 1 bPa Whicli €pslR0KM; 1ccab il mishe ai di ng source
may provide precise saf%fﬁ%?e pogﬁ?ﬁbns and 63 oc@??egh%or t he set of
tracked sat el [1h¢ea8on.These satellite positions and velocities nay be
conput ed by thggal di,RghSaH i BR&IEB L08R af BlithiBegSat €l lites. No
further aiding (I:T?# or naf?orgélﬁlgldli&%g%jg to epneg%eg. g%ener afqy, the device
“detects and aduabureamplitadstin efch obanedarly i latg arm of caelk¢hagnebelsbel upon
information fr J : : nd its approxinate
.c(amalht?# &E&ﬁ%ﬁt gi'oaclﬁ%%{nﬁgdﬁleﬁ%@ﬁﬁ‘s dgx%hﬁorﬁ‘

| ocation received fromthi i ng source.. e acquired and in the
presence of wdadk: Sisghback diagiam dgsopibing themgrriersmoothingrplgomgneesgdtophases of the
weak satelliteg.g I t 1. S.S) [ data wthin the
weakened si gnaF@c%E% e?gg%tgﬁg%%?ﬁ%f%ﬁ%&éﬁgﬁ%%&ﬁ%thgﬂgrreasured at the sane
i nstant so t hambpdiarest ¢ighiginyentionn tine of receipt. Then, by determining the

'differe”‘?es b&H¥ERR 2 blAEk GAGmRIATER, teAfofifitiistd BNPhiaR Or code phase

location and velocity from the code phase and carrier frequency differences

according to one embodiment of this invention.
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di fferences, may be taken as anbi guous neasurenents of the dlfferences in

the times of transm ssion of the satellite signals. In the preferred
enbodi ment of the invention, these code phase differences are then

enpl oyed to generate pseudoranges with the assistance of the approxinate
| ocation received fromthe aiding source. In the process, the approxinate
| ocati on e receiver and the precise satellite pgsitions na be

conbi ned t% é@@gfnlne approxi mate ranges to the sateFFV%@%m%¥hen by
further conbining the approxi nmate ranges with the code phase dlfferences,
preci se pseudorange differences may be derived. Finally, the precise SPS
receiver location may be resol ved using the preci se pseudoranges and the
precise satellite positions. 7 February 2005 5b Brief Description of the
Drawi ngs This invention is illustrated by neans of the accompanying

g(r')a\r/]\n;)tng:'erV?ﬁé@wﬁgg‘ﬁ%oﬁgwgﬁeéﬁ&{ﬁresent exarrpl es of tngnggvgr\;;?gmand
describing the j nt'iérac%rl on g’g&‘% Pregdp o %‘%Pﬁﬁemg’f‘{%ﬁ@é Wl?;iqlé taker and a

handset with aiflist Bgrhiredhapgemeartioned ebientives: d‘ﬂlﬁ@ﬁtelatDM®thﬁbodl ment of
this i nventi omatiFt & theaillng infbdravichard the eatidr b Which be P8 escatvbr al gori t hm

according to apg theedﬂlﬁgbdmtmt&factttgb&vid@\ﬂfe%dl %‘n}(ﬁ'ﬁl& dqit tdnpatel lite

signal s, meas e&gc ‘%P%r%s arrier, lh Dg ese surenent s,

conputing pseu or ang opdiue LT dR 8@561??8"1@6‘%?!????3’ B\ @ﬁn ion: FIG 3

is a block di ZPHeRmEIng vpFiEoRe signuls sudcanpyrg ezasefst digrdation wodess | nvent i on.

FIG 4is a bladlmsemoaguham d@sﬂmdkrela@s torthe ddstpnal a Aevdedsstaakingbor i t hm used

Eﬁ maasurle ?@Hhﬁlﬁ@&ellx& s8R teteRRirR A6 h?ﬂéé a@f{ %ﬁ&ﬁﬁé&@{n achll %hagnel of
e corre c Ien of s In I On; is a

1#t Q té:ﬁ I?i%:.gl r#qgltetf(g{m&lne?emenp Jgtv?{mﬁa n%lvln v(_eﬁ, fe%

bl ock di agram he carr1er sno used to reduce
the error in t 1R PEPORES ASTPRle Frbite Slﬁéééﬁﬁidﬁ’gtotc@}nﬁﬁéa enbodi ment of
this inventi omﬂslﬁvﬁollﬂidnsfmalmdzaemhd cidaghasmditfesarced iBach dftigesal gorit hm used to
conpute the Ifesatd Wil RRdd¥akotidns. from the code phase and carrier

frequency differ en%?sszg gggegéﬁgﬁ%f %%g%n%o%%oﬁs tgfﬂmtmgjlngnllynvent| on. 7

February 2005 WO
owne mvenho isclosed in U.S. Patent No. 5,459,473, Accordingly, the

foregoing U.S. patent is hereby incorporated by reference.

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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Det ai |l ed Description of the Invention There are four distinct el enents of

the present invention, which are utilized to achieve the aforenentioned
objectives. The first elenent is the nature of the aiding information 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,_acqguiring and tracki ng weak signals while__avoiding janm ng by
strong sidﬁ&P@%ﬂﬁd ensuring gracef ul degradation-und5$“Agﬁ@EP%e condi tions.
The third relates to the design of a device for tracking of nultiple
satellite signals to determ ne code phases at a common neasuring 10
instant. Finally, the fourth elenment of the invention involves a set of

al gorithnms used to process a weak satdgllite signal in order to conpute a
position solution from neasured code phase differences, Each of these

features wll be | ur.n. s invention . relates to refinenents
and extension toa’g(g%e%%%gf%}:ﬂ%’ @ﬁ/ﬁ%%k?cﬁ]\y%rn’tﬁ%# agllilgsg 1 in US. Patent
No. 5,459, 473 eRgst *aitﬁr%“al,ﬂgtsﬁ'ém Porbguicnld tpislly serue Hpon astivasion by

i ncor por ated Iofthe §P8 Regeter 1 byt miydicoy aSothercinidRac @elV.clh réspbisse ahé | on As
previously de?ﬁdih@@cﬂmfe_tﬂ?_@enﬂkﬁﬁfﬂﬁ_ﬂ«ﬁhéR %eisﬂvlﬁ&%hﬁlﬁn@g% wth the 20
present inven ; : mati t hat i ncl udes .an approxi mate

| ocation for t?ahﬂ%ggﬁ J?e lb%&?&%érz%ﬂﬁ%&g%s]i 1%? eéﬁgbq%r#&e FEISEf es of a specific

ecel ver .
set of sat el M{RE® ofR Sgysﬁ’?f:%?%f’i HRupte tereatier themare kel peesidi ded t hrough a
r equest / r espoRB®hobesrteilite signal mudéplied by theespendind ightensboof 109kmtin an exchange
i n accor dance thei dakb &f GRS PTRE@PtoXIMMSBLARA they alk8 Bh 6dn€th thelCH faked . 25 A
typi cal exchaggg, F?rﬁ%dih%ﬁéﬂo}lt%. an SPS Receiver 1, an Aiding Source 2 and a
Call Taker 03. For v{, sé?n e, }he SPS Rfcei ver .1 mght be a GPS receiver
enbedded i K or co-1! EEeNRG FPPEP iRt R 106800 2ael BpsHioHeY siPred pleanac handset . The
Ai di ng Sour ce 42ty ShERdceizen lagrfatmsitscairbladerseech bracgetd sagllite or el sewhere
in the wirel esigndietMeakngide fath Biat the BSpratiMal JocdBdrPhdStolchdaaitht €d via 30 a
Wi rel ess commupiigalar@brch &Iiee{spoﬁegﬁe]!ﬁ%rﬂ§ Blen algﬁreg.alﬂf o%[ Rty al so be
| ocated at t hgfecs@ﬁlgfcent zr n@; gt her, éécgca]%l on cc&}as pretr omthe wirel ess
network. The UL RATE 16 &rengf @ CRRent Sips Requerhs & thaidies 399 %er the cal |
Taker 3 ob t Abe taserd AldingHeavast Hinchuides ighgnpisndonidentifyingbher forns of
transmi ssion sipeifineainf sdudliiePSeRby tie\0PB Riceivii dim@tiaitise 2, and the Call
Taker 3 maybep@adsthideidffpbntbd MOS0 M Al [SHAM, b NQARI LG ves of the
present i nvenﬁ{eﬁige . lgeb&[n%lar go %%g%féﬁﬁ Ojtlifsgéquf PCT/ AUD1/ 00519 7 To begin
the exchange, ‘the SPSREEE \FEFiiss ¢dfded B S A iy Request 4 to the
A di ng Sour ce®Bhempss datgonthe satplites aTheyletsereined pysifionaand webacitionare
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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of the SPS Receiver 1 but may occur at other tines as weII I n response,

the Aiding Source 2, sends a First Aiding Response 5 which contains the 5
approximate | ocation of the SPS Receiver 1. Preferably, the approximte
| ocation of the SPS Receiver 1 is accurate to better than one half of a
code epoch of a satellite signal nultiplied by the speed of |ight or about

100kmin e of GPS. The approxi mate | ocati on be sent to the
Cal | Taker&ggll%aﬁ?a First Aiding Report 6. 10 Wth th@%@gﬁﬁgd appr oxi nat e

| ocation and previously stored al nanac data, the SPS Receiver 1 perforns
its correlation search to acquire satellite signals, The al nanac data and
the approximate | ocation help to constrain the finitial search once at

| east one satellite has been acquired.8 Upon acquisition, the SPS Receiver
| sends a Second Aiding Request 7 to the Aiding Source 2. 15 The Second

Catel i ten uodh iS4 Ehal PO TRleR o e Jebihl ki Balsy h? S?iﬁ'gfaic set o
di fferences. I?ld? %‘%‘%hmﬁﬁ epgPHPT g 1B sateliite pigards orvithiea fewians preci se
posi tions and ofalliescerdss of t he |dent| fied set of satel I ites from

‘epheneris data f orAfidpescsiaing el sh@Bite Jd3RioHLARIVIIREHE;s 8ASIsidzONS and vel ocities

This el Qﬁ?ei%@é“d" %ﬁfﬁ o e e th@%%s?%%%%ﬁ%;’@g&u%eﬁazzﬁe sosnee

transni ssi on S‘E H%Dnr 8 EF@%IPD?’G%PI%‘?% lorstiem §Pe58: det er i ned it
i s possible f@Pﬂ%maﬁﬂ?mds@jﬂmﬂmm@ﬁrﬁmmﬁrhéh@ swedsf reception of
the satellit e RetegreaRepoiin toﬂdegaoﬁ@mmalﬂﬂum Helrg@ CRRE, 25 Therefore,

under this scheae h%b&lﬁ?h%ﬂ tém SRR OS850 D GleBysaLel it e

positions and, veI SPS Recei ver

ource
"1 needs to ta(bT bﬁé‘?@ aé‘fbﬂél fic ti rre synchroni zati on data from
the satelli te Si gﬂ-ﬁ!ﬂgf@ﬁ@tiﬂfé@d@tﬁoﬂfm@mm&bﬁm@qmaé meghaeeri s dat a.

Mor eover, in cﬁllrﬂeradhﬁnehﬁ'l&kﬁnﬁlﬂahemmﬁlg%ﬁﬁbhbia?uﬂ-ﬂﬂibkh@ﬂﬁsaﬂlﬁe accurate 30

when recei ved sh¥nd heieSHSmR8ES] é/;?%eléctflfj@féhﬁ%lmg:% Gffofiont NE | 2 ey

eriod for th ni cat | et ween t In a few tens of
lrc:‘l | Ii seconds. ?%@%IWYEY@%}I%ID&“}SF?H% Q‘?IHS’HIPB? at??é"efé’ro 8in the conputed

satel lite Moclucriémheoperctionrangishnt with thepgpartsil snodmef solution hWithrtkif er r ed
embodi nent,  ldie cGepandon/itdi MdinRBeuast mdy Bes Wiy b carrdoionm thé apsed tine

fromthe inst @d&hn&n&egxdma by B s@@@k%ce%@&eo%w&)ﬁ Inlaf‘e c%ﬁfe dahﬁn spgpal s | atch.
Since this el g{%gﬁ e rtfs t%(?gl g,g%? 9 g% l. at ency between
transni ssi on rece ion or °f “FE 3?@? 5“5 O°EP CT/ AU01/ 00519 8
the request f&FP%iWing can be deternined it is possible for the Aiding
Source 2 o det ervwhnelidrhative embodifnentet tid dfaamaitichbbexshirgb|thé € signal s to
Wi thin a few BeSieceiver 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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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 and Velocity (PV) solution to determne its precise

| ocation, speed, heading, etc. After such determ nation, the SPS Receiver
| then sends a Receiver Report 9 to the Aiding Source 2 which includes the
ram/Iocathgg geed, headi ng, height, satellite identifications and the
sol ution QUEGHR, by 10 it (i.e. 3D or 2D with al t PYUg8! gFﬁing). Upon
receipt of this later information, the Aiding Source 2 may take further
action. For exanple, the Aiding Source 2 may use the known satellite set
and tinmes of transm ssion, select differential pseudorange corrections
(obt ai ned by any avail abl e neans) and % hen conpute a correspondi ng 15

| ocation correction consistent with the reported node of solution. Wth

this later oelasell] i.n r ma the correction
"to the |ocation érggdié; te 45 to'ﬁlﬁgetgggu%%gg W%‘%B&a‘f"ﬁggp%re current

| ocation. Thi én‘ﬂ éhq‘ﬁ’é eof g aﬁ@@letmﬂt@fﬁaltfﬁéh@ﬁ? Taker 3 in a
Second Ai ding thtdeffﬂrenb@s @(tombmmgthéseeofm@pnommmﬁ)ghs amhibe &t of hi s

af or enent i onedodxshaRgenantbiRousSRS R@ﬁ@béé%&orhngre%ﬂ?éﬁ:én%este{?@dé%ﬁgc? phase

di fferencess t%&%ﬁtfﬁ%ﬁéd&% %&F%‘%ﬁxg the §1VE3]% %eﬁer%aanabatgoHemll i Source 2

coul d conpute a utio iver "Wet hod i ke

that of the SPS RX‘P WEOT%CO%"G&EEEP Sfling godn @@H@%ﬂw&mm& the SPS
Recei ver 1 to teothSReeeirs Ijsehieivrcangets Piisclntors witheubin eéddtfordeingavi ng act ual

time synchronisagdlied witidiopplef i@kt Sat@litiddePdevicdf) 3heh infbhBatisne of this data
i's avoi ded be@%@t&dﬁﬁsﬁ?% Rﬁ%as e &%ef&&@h'dh{lﬁ%éﬁi‘a' s are taken as
ere

anbi guous reasur enen of transm ssions of

the satellite gci“ésr‘\téq”sortc‘\'t’ﬁe lcttglangﬁ & FBeP 5y AHeratve iRusie code phases
at the same i fasaistiiteephemaris datrer I tBOpiessnbingentionthe BP®Rekiversicei pt, Mor eover,

t he anbi gui tyestemésmapplarmﬁe@bnttgmg@muheﬂmmabam differences into
pseudor ange di 1 T BEaRIs ki DinEURAERY o'l Rl Llifiy aRROX! Mat e | ocal | on
bk

for the recei ained 1 our ce en the appr oxi mat e
| ocation is t leﬁbéﬁﬁiu?fecbes\ﬁf&ﬂ J?E’ UGV PR HaR BBt ne cl ock

(accurate o <BHzfonGRglEsn %ﬁ@x@@tﬁtﬂe@h@mﬁaﬁmwaﬂ%d@pun@d lmstsr t han about 2
mont hs ol d i ntlsheboases bindddkilvhieths. ThisQyihdsSent angecgid@hBved | ess than
about 30KM) , tdpiSadifisiHioh DrARiRE Rt HRES, Jengye&fs'é@%jﬂl Qént/é‘% %itt 8 §p318

PCT/AU01/0051 of  the satell|ites t ter better than
hal f of a codef@lﬁéﬁ:ﬂecﬁ{wﬂ P {5’ gﬁ acpieys, tg} th is the

anmbi gui ty i nt &4yEPmeRythe wgar%g"gequency offset is esttmated each time a PV
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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phase differences. By conbining the set of approxi mate ranges and the set

of code phases, unanbi guous and preci se pseudorange differences are
derived 5 without the need to synchronize the receiver to better than about
one mnute. Furthernore, consistent with the aiding data mnim zation
objective, the SPS Receiver 1 is able to conmpute PV solutions w thout the
need for bhein supplied with Doppler information. In traditional devices,
such infoﬁW%W%@ﬂs is used to assist in restricting a?%%ﬁ?*@?wfrequency
search during signal 10 acquisition or to predict changes in satellite
range as -an alternative to using the satellite epheneris data. In the
present invention, the SPS Receiver 1 estinmates Doppler information using
stored current al manac data. Using thts current al manac data, the SPS
Receiver 1 estinmates the Doppler frequencies of the satellites to an
accuracy of better than about 15 250Hz for GPS given approxi mate | ocations

of the satelli o) 0 better _than_about gne hundred kiloneters. This
is sufficient ﬁa@‘%ﬁ#ﬁ%‘%ﬂ&’éﬁf’%@&wh‘% PhRespnge of Jpam vi ded that the
frequency of fset d¥nediéherpasdanesietociatd mithahonse obfreak BPSSRBalREBGRItver 1 i s
known to wit hiany 8P$ patebizhas T imitedhdigMhid lhge. TatHeREse of @G C/A €5RNL , the
reference fyeqguamey ﬂ%fd]&%%%stérﬁ, &% éxﬁﬁ&, gl ?igrﬁii il %&h@{ aflS@bytion is
conput ed and %B&ﬁ b&§§$$ (ﬁv%rac . Te ver,E%g t he ét nt that the
reference freduenéy™ R PR gﬁ%@ P BFaeTi LAy ap fAme 'éﬁﬁb and to the
extent that a SFaRegesignghntiery ase ¢ wppeffentuefdhis fanvping tadilati ons will lead to
a degradat i onttemptigdo acjuiré tie weeltef sipmangieg a HRcISRS 1Re drRéskeld, the as descri bed
bel ow, Uti | i Z@ScefesiPlhOl sdyidice SAPRSMA Pred BR HEQRROR ANGRNS Ur es graceful 25
degradatiog,_ggmgaﬁgégnghe resggée of yeurrent g%ggg%f ata w t’hout the use
of an Ai ding Sourca” IO REEHES patern fhp stoqg sign %%t ed often enough
and for | ong BEHieHinithe reprivepwilherntian be ahopy BieghisshgitalSecand, keep t he data
current. |n thBhoughslke refeivehmayGiRGhbints heyuire hhdbtradkninaakeaigaaliiist be | ess than
i?z nont hs 10| d v b3 Ssk&piBle o bk ﬁnﬁﬁgturéﬁﬁéng%%rs Eéys&lf @Q@%ﬁ?&fﬁéﬁogﬁ t het SPS
' ecel ver nmu rox| na €1 S 0 rphLtal _coerriclents over
a period of ar%fgﬁ%%%gﬂ&r;r% rtll% %g?_l%&s n\?gélé%%n% t?‘e \Eﬁ%‘iﬁ% a‘fggﬁ'g‘ma?“(’)ag T™20s pl us
signal acqth siths B PrAatignaigiobher one set and it woul d take around 60 such
gat herings to acqdtisbighlyldegifabletiavosiths firsHeftbese pidblenisandR$ Recei ver 1 was
activated i n ehentil ﬁﬁ#ﬂﬁ@?ﬂ&ﬂaﬁipfdb% 25t @hg&?lﬁn g:@ﬁrﬁa&iﬁgmﬁgéryqrpnce per da¥
on .average for sadhen. 0 a C remai n current.
February 2005 Df/%p%#‘éegag TP A%%ﬁé%%&f"@%@%‘l\g% oAt
Acqui si ti on/ TRYIP Agegefiensls beiore atierppiing iedcqyirsenkal denele iotist he probl ens
associ at ed?owi regadhBGy3 eutlifies\we akanBiRSprecagne for 4 GPS daediver 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 initial 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-




any SPS systemhas a linmted dynam c range. In the can?‘ém?yz%e G A Code 5

signal of the GPS system for exanple, any signal that is weaker by nore
than about 20dB than another signal that is also present nmay be janmed by
the stronger signal. There are 2 main effects of this janm ng. First,
while attenpting to acquire t he weaker signal using a sufficiently |ow
threshold, the' receiver's search sequence wll be interrupted by frequent
fal se al arf@ ¥ Because the cross-correl ations bet weBAVAWYOE!Y ong” si gnal
and the code generated in the receiver will be often be above the

t hreshol ¢. Second, although the receiver may be able to acquire and track
the weaker signal, it wll be susceptible to | arge neasurenent errors
caused by cross-correlation side |obes fromthe stronger signal dragging
the tracking algorithmaway from is the true correlation nain | obe. It is

hi ghly desir a@hgnﬁepdeqﬁlcgl (fj%et:ﬁ?mfa' 1§ctun9nt Sea‘?ﬁ]ﬂ%r §°%Ssgﬂps°f' essenti al

to avoid the latter oblem as | can res osl on| ng errors

of up to severZiPlkfatgieters. Thus, the SPS Recel ver 1 should attenpt to
acquire strong Ssi dﬁélllesGltﬁe@@mﬁeaionémmmg sephtap vacyuictzd codeakerh withnal s. In this
20 regard, FI @chamupdrusmmteamemrﬁafmte@faﬁsﬂﬁwoautgmgzanﬁﬁﬁrr ecei ver that

ensures that oﬁ&%eﬁ%ft}?ﬁgc Qﬁ&ﬁﬁﬁéﬁd%ﬁ@kﬂzﬁﬁi Egﬁrlggeﬁrg ]?dpégh t hreshol d.

A threshold faor t i ni Wil then be
set, in the c5§8°6 ?E&Jlss S‘s"f"agh &U@F@?QHMW&% red. Wile
the FIG 2 coﬁtfam&%gnalsmqgm#atl on pert| nent to GPS system its general
application woul d Hrgveeeisialsbite indaneqapihb etihed fréquaity oBsdief th&PS syst em

Referring to Féc@ive?srefeﬁ%ce@%}fﬂl%rﬁxﬁﬁﬁ%% )ésu?al @hﬁgﬁfﬁﬁoun@&m response

exchange i 0 a el roxj mate | ocation

fromthe Al di rTg gtig% *’ ﬁ]ﬁéar&?&%a[ﬁ &g é?g@gﬁp St he appr oxi mat e
| ocation ai di Agug e spigllijevgnalsaep ﬂcﬂwddhmnlﬁén gitempt nsing tha pssimed sear ch
par amet er s i n ré¥eresdedfrqishcywifdat, thea toeHsetfoudCoHdiisRg i fep 80 4m@ANg signal s. The

par anet er s forﬁééaﬁchécﬁ%&ﬁéa@fﬂf‘ou't%.' méﬂﬁsghofd%@mhm E{g sg%egtgegnd wth a

onort o s ek AR e SR e o oL
satellites 15anéreﬁ‘I*F’é‘F3é¥36$ee TR aysieanitic eardh wankd terminple oa dhe apiisifiert er ence
frequency of f sbendics nmmateﬁdestabtﬂedn@eﬁmoﬁsﬁbwﬁkamol% t hat was neasured when
t htehr teﬁgls ver was [ a1t M%&gtwég@a dghuir€d o et pbsmb'lerheq]%sﬂz-?‘% gt st ggoéZV\D
01/ 86318 PC'FI)'/ k%ge#%é%fg E!L] W?:rhtgrr?sr?l ‘gl bas#i 8&? g’%ﬁ{‘)&m&ﬁ’@ﬁ% en%/ sear ch
for the strondeBefivareries wepld be ysed ‘133 é tianes a3 ]IOPS edhe eferemge GPS exanypl e,
conduct i ng20s udhguenceffsetstauldhecmdt okl ¢ the aregiousiy tdaumed 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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1 channel per satellite at 1 chip per integration perEleoéuaLrj%lzng 2 arnms per 5

-channel with 0.5 chip spacing woul d take 1023/4 = 256 integration periods
or approximately 1 second. In nost cases this would be adequate to acquire
any strong signals present. However, in sone instances, the assuned
frequency offset of the receiver's reference oscillator may have changed
by a larger _anount than can 10 be accommobdated for by the sanpling rate of
a correl at¥P ey fy put sanples. Thus, if no satelli tePéT’@Wé[P‘Elgare acquired
during an attenpt using the assuned reference frequency offset, then the
of fset would be adjusted in step 60 and the search continued w t hout

| owering the threshold. In this way, the offset would be changed
systematically to effect a search oven2the possible 15 frequency range. The
‘systenmatic search would terminate on the acquisition of one or nore
satellites at the Qighest possihle.threshold. If no satel]ite signals were
acquired over th %8%56:‘%?)%&%@0?? éﬁ%kﬁ@?&eﬁﬂacéqmr?%é‘ﬂ?swcﬁe@s%tﬁﬁ PFISG | ower

t hreshol d woul @218 ceducted foy thegpmainisgesiylliten using ousrelennel persaigjhtet i on peri od
woul d be used fimedhe spptaxivese amle phag fiffebhessibefveeedlt s BOreframingency of f set
woul d be set bagKe kelliRQigREISYALHS st FRTIAB oRatd M%ééaﬁrac; grequency search
woul d be re§t%£§lﬂ3r&§ﬁ]%g FJ} SE.Raranet er i IHe§.0In t %eoréfgl nal search to
| ocate at | east sat eF |ie, LT any Stro esildﬁ}ﬂ?ﬁn &°%cquired and

addi tional si gHafeiiaences sanbe getizpatest o wiGIn +Hios mpasdnaalyc BrtiPer to noi se
rati o of the SHSmagdbis veubhmimieluf the emabiibgkatediitesse e 2outral det er ni ne bot h
the i nt egr al | GRtpgs) 00108 o?8.abiTelwdhol, 1 sBUBISCAMARo MG LkD st ep 14 and
the acquisiti | Ur. | t he search. For exanple, i
a signal of gg@%&?&%@ﬁ%@?@ a\%g@eéigga?rmét&ﬂ%h %OP%%&F ntegration period
for the suﬁ%edﬁ ft'™8%ar ch need not be any nore than 32ns. This is because
it is possible to ldéheEhS sxemyplal asswiingddBbe swondeearhvid tot &, thet egr at i on 30
peri od _OL 3ﬁnefﬁmdumlﬁmetweﬁmhﬁhxmh@ J&&Mﬁestv%ull)cgthﬁﬂm @éfoﬁt@gEHz 0][ hi gher
to avoid the ; r.ey cr, . e reference
frequency offse%ltgi\;e%ati}f%{gfggmg%ﬂ%@tﬁ ?Er?afpretge %fg.&?\dg%?ﬁ%@ré’!b%%%xi mat e | ocati on of
the SPS Recei VAP Rt et thiihsequent ssrpipfoa thedemaining seiellitse. Fdasured carri er

frequency of t2Hés wrigdilde dleiayemiypicaly, scqirdtidndv@d whelestthart this need f or
further frequdagysserrechesersi2sf-ebruary 2005 WO 01186318 PCT/ AU01/ 00519 12

S L edlt 5o ; . " :
cQQCﬁeaconﬁﬁit.egn?ES?ﬁfgﬁ’é&dE%§°‘f@?f°%§§% Gt (PUdRL B EGB RP Ly o0
satellite since theY Op%drdﬁ%ﬁgﬁﬁ?@ﬂ ik

éttéﬁ‘%la‘lfjflepences between all of the
“remaining visi blehg secend frequengypraich topaqiireribe fiist sstellpmeigmanodé estinated. |f
the accuraey of  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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5 the approximate position estimate is assuned to be 10km then the code

phase differences can be estimated to within 25 os, approximately. In the
GPS case this would permt all of the remaining satellites to be acquired
within 50 * 0.128s or 6.4s. However, the search could be term nated once
sufficient satellites had been acquired to permt the location to be 1(c)
det erm ne e GPS exanpl e, assum ng that the se ch did not
fail, theqm%ég?%gn1tine taken to acquire enough sate?ﬁﬂggzﬁﬁkuld t hus be 1s
for the first search for. strong signals plus 4s for the second search for
the firstt satellite plus 6.4s for the subsequent search for the remaining
satellites. This 15 adds up to 11.4s. However, typically, acquisition would
take less than this (e.g. is + 4s + 332s or 8.2s). For the acquisition
performance of this scheme to degrade gracefully, it 1is necessary to

address the foll ow es.of failwre: 1. The secqnd.frequency search to
acquire the fi rstvﬁsr%tggfeﬁgt%t%sgﬁ%esc?ﬁlbﬁm gfﬁg}%%!as %Sglélfféle%_“? of the
signal s are even WERREIHYNorig@reyaptias rgudaranse ditlereaces dier eisr opri at e

met hod for fail ur ewambigdowsty determionrd fotn thactd: phapadnes ertsnisesntssi ng
sequential Iy | overgde iade Shebdd ¥iBh 1H8Sy tRahE Si864 &iﬂin?%ﬁ%aéegwﬂ{nti | some final
threshol d 5 uti|izeg, o 2. RBCOXHIRY 6,/ 558 e da5aien coul d be | ess
accurate than the g,asu ( a as aregull? _in_su?nficient satellite
signals are acqui®f Oﬂﬁ?ﬁnge nﬁﬁ@nﬁ’l}"?‘gtorﬁég@ow t9 this R isdP gnal search. One
met hod to addr essimply severiitd siandaidSPSgeqeivef aperatibu pt shewn by egpedicy sear ch
passes W th sequerhius,ah theGRSeasEen infglaln SRREGR3Im@AIRREHad i n step 15.

Thi s scheme woul d {He@tAdewd IREEUlu W bl GICERRRE sl AiGAU! ST L1 on 30

time. Howe er t % nsgre t hat an! sa%gigcla e s%_q%ga S that can be

acqui red woul d evéf q‘?“@S Se'&'_te&hﬁte@&e WTEHPEPRET EWEUNR of  approxi mat e

recei ver | ocati ongesppnsgs esdeseribet aleaver ldlis wisk therabdity to dcquirelreadlyer acqui sition

times. 3. The ai diwgk sigsdageuldbyloftiut BEmaECES MeBrmdidh woglaked mean that the
6

rany thousands. of "Earp et 1 obas ESpleicltuith GRGAE bUR S, (O ot uary
2005 WD 01186318 FH'BCYA ‘Tﬁé’g@% Br“@%‘)ﬁﬁ’te%ﬁ‘iﬁsa&%%‘igm@earches from bei ng
restrictedis dese@phaseatis brfsrecthe jopgiioncawd by detprmingdisnd this woddt t he

pseudor ange di f f erenclase 4 fudtielRiapef upitoaoli guousl y determ ned from the code
phases once neasurenents

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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were made. It would also inply that the second aiding nmessage will 5 not be
avai |l abl e when required and this would prevent a |ocation solution from
bei ng conputed. One response to this failure is to sinply revert to
standard SPS receiver operation as shown by step 16. Thus, in the GPS
case, an integration period of 32nms could be used and the |ast known
~location V@H'ﬂﬂsﬁﬁﬁ assumed with searches for a first 10.satelljte and
subsequent satellites as descri bed above and failure responses as
descri bed above. In this case the ability to acquire really weak signals
woul d be 1 ost but normal GPS performance would be achieved. In the open,
acqui Sition within around 15s would still be typically achieved although
it would be necessary to acquire 15 epheneris before the | ocation could be
determned and this would introduce a further delay of up to 30s. C

Si nul t aneous Qgggoflapgggd %%Eﬂ:@ﬁf ,ggn&pgasg\%%%gmmalc ftbﬁf Signals To

achi eve the ai d| ng ?ﬁlg r% as,_d celrver the 20 present
i nvention requita Pp I’FBCEFEF‘& ﬂ‘?lﬁ'ele‘feﬁ%tﬂ%?}gp‘ﬂﬁé%?o%r nul tiple

satellite S|grP<§‘Fis at the sane |nstant. In this regard, FTC. 3 depicts one
such SPS Recei ver Hardanesmdldtyrs 18 bech HpTesRRGR aBdcedsingNai@] BF oken down into

roughly thr g€ faaidufer sabilfto dgAIGR aPsofarkBfth rEHy Eeg#%taﬁg%tﬁnhhree or more

correlators 1 pr S oW ng 25
descri bes the Of'l?rt(hqfl?g% %%COI%EQE fs&ﬁ‘é‘?’%‘frf’?ssoﬁw tea mRIAOZ it 17 serves
as the initiall8<ifEmber dpyveeawemsion 24 updpiueins. thivpase)fte aparlydidisci rcui t 17

amplifies, filpedpsyeddaesed oodhrweiihstediDobplatioffiet bZzOmriiduar sitgli’l from an ant enna
so that it is sgmiltaablie Jseﬁaatedt%@%Iﬂbgs@s@alﬁscﬂ%&fréf@zjen&% gngfor 18 and such

that the si 9 aninv}n% tﬂéoé g!%l&%l‘ d’{'heg <) I%E@P$ E%?Rq qwegrcﬁgeggegﬁé ﬁ]ﬁ%&&%%—ar e mnim zed

subj ect to economg an he front-end
out put 19 of tHeXe -%H‘“&Hh&%blt]“‘taé)blnﬂl’méel&%@mé@deﬁ@#d% centered at
tens of KHz (ichosehdo maisk thaf of@p@ticalar autellite algna aghgdhereibeaeddat ar ound

Ly SN or | OfSiem 31, TASBL Bl /bl PLE B D 1 fo Mz and the
igitizati

enbodi nent an\@%%ﬁqe ; ﬁéauhcﬁ%%dom Ctoﬁe 514;%\8%{ at(ﬁ’fself}%%rg)r Mﬁﬁtﬁnﬁag% gnal

constant. & n(f“étl %Hpbeﬁéff%et&?’@ &p piapytedreystappaaillaton offses 7 February
2005 WO 01/ 86318 %ﬁ/ﬂﬂdﬂbﬁ@@tﬁmalsbgemﬁeﬁla@%&exdnﬂn&ﬁﬁcmbaigmﬁ gnals in any
case, this si Qﬂaﬂatiﬁhﬁﬁﬁﬂe&@?@dd&&ndeﬂﬂﬁo&@m@ﬂﬂlﬁB'tﬁa%cm&g%ﬂi ns a constant

representin a rocessi n
P 9 tﬁe Sown co%verteg 51gna1 22 The resulting mlxed signals 26 are then

20  separately processed by decimators 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




) ) ) 7 February 2005
5 particular satellite signal are used separately to further process the

front end output 19 under the control of the mcroprocessor 20. Wthin each
correlator 18 a further down conversion 21 (quadrature in this case) to
nearly DCis perforned based on the estinmated Doppler offset of a
particular satellite signal and the estimated offset of the crystal

oscillator éﬁ%%ignce frequency 10 driving the correl 9&5&%‘?‘.‘”{“?&2’ t he

resul ting ¥ ex down converted signal 22 is m xed mul tiplied
by) a real binary pseudorandom code signal 23 chosen to match that of a
particular satellite signal and generated by a code generator 24. The code
generator 24, controlled by the m croprocessor 20, generates the

pseudor andom code signal 23 at a seledied rate set to match the 15
estimated signal Doppler offset given the estimated crystal oscillator

ignal 25 tndrao EREEhA G0 AR APOR Ahhe ol AhTYRAT O 271 xe

! ot
signal 25 that ,i he sa IJ?se 0 st gnal™,
lag with resﬁ@g‘?oslftt%elflﬁméf‘lﬁw. ’ﬁeé’gﬂ%‘nﬁé@éﬁWQ%ﬂ?ﬁl&% signal 25 is
al so m xed wiSPHENES lapiRtered Aler tpd dthin (gnallestzade dltreentd sarlyt inddatai xed si gnal s
28 are then 20f#gepedoatind gpdpr ocessed by deci mators 28. Deci mators 28 | ow
pass anti-alias IilllSheR@fodMiaiREPhEar NS Hid 8 pRIaNal & s 0 2 reduced
sampl i ng rate'ﬂﬁ@eﬁ#ﬁeﬁ%&%ss@ PGP . aghecreglgjclggl. gr@i#@g? tre IS
approxi mately 1RHz. THi s sanprl nysPareewaye b "&BF“i 9 the | ocal code
rate such t hat™issgeciigiton ta asmate tip porkiade Beenepetpndmbassat thecode epoch.
However, thi s cegiensignabsEBent if ddta is26 b¥\hearactsd bacatne tlge sighati®deongt he processor 20
either causes ehBghGadRat, HE PRAAhR frfhedd asd Bhzb S ARLAVEAUSLMPY t he
required agpuntaho e, Shatl, oo &&@&&g&g%&sg&ﬂgﬁégl or “changes the
code frequency by"a Known: anount T or prect H@E &'6f tinme so as to
effect a rapi §*4cdpn phthisdate vl ge phagoustnene skilled inethe piitef er r ed enbodi ment
al though in an al tBefagueney sithemekthertadiznils agtienaseBo eatiatbe del | berat el y
?L f fet f vv[nh le &@@m@p;eﬁ%gf_f@@oﬁtﬂ@éarﬁéwa&mﬁgﬁéta\@cﬂlfteﬁﬁséwQ*ﬁ§ kdfm:éle' at| ;’ﬁ to

at o e i cki .S ite.signal, in this
enbodi nent t%g rlggfé"gﬂ‘%&%ﬁe %gﬁqsl}teéﬁﬁ ?seggocﬁ%lﬁ?%g %f%‘gioc?gﬁgﬂﬁ%g as j ust

described &b AV | GFFECIEH%‘@]&FH]&#M%/F’%“EWH@EM gnal 23 and late
pseudor andom code Bk gralinds of the earlytead 3 codhtgenipubdaopldd29r unni ng one ahead

( ﬁgr :j y) atnd O Répréyeit coiim4th 6t e daﬂﬁrfd"lﬂﬂsegﬁﬁo dt R shiR RN §h%rltlaé8 -63|1g ot her
I?’CT ;) AIUOrTﬁ? 035 13&??5%9% Ese]?%jagfng& ‘gfﬁsr?%t %ﬁ élﬁ&IG'F::((aotB E:ht)é ?ri{po}/lﬁgt%g at 1's ke pt running
synchronously P@\’ifcfrﬁlgigﬁesate@%%g SERFRD. 1R RRIIHEESSFLAPRIPaBE 1© R ndeed, there may
be sever al 20 itlrestiolrio deternyipaif Hiersignal Heayednnletected| If gfhasphanenl chip (smal | est
code el ement s hoisition @stddha icon@entdlie The 6@P8 ¢Ten 6P¥I6priate 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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5 The correl ator output sanples 29 are read into the processor 20 where
they are further processed by a signal processing algorithmdescribed |ater
in this specification to estimate the anplitude, frequency and phase of
the 'carrier signal. Then, if data is to be extracted because the signal is
strong enough for that, the phase and frequency are utilized by a separate
algorlthnu$$ %E operates on the raw sanples to eXtﬁé¥ﬂﬁm/Q§ data. Methods
for the P4 on of this data will be obvious to OHE & Ped in the art.
The frequency of the tracked carrier signals are then used to estimate the
Doppl er offset of the carriers and the crystal oscillator offset. ‘The
former Doppler offset values are subsequently used to estimate the
velocity of the i5 receiver (and the vehicle in which it may be
travelling). The anplitude of the early and | ate correlator out put sanpl es

29 represent 1‘3&%1‘3{1&5 oﬁfto ﬁ‘{@%e)&a%éaﬁ onltlgnglgcﬁﬁer %glglf%r%%e l}g%%t g:c | ![ LS

si gnal since thg 'S, mal n alne

no
front-end. WheR #O(ff“ﬂ’tcﬁ elf rendomy eregse T, ?%&?rseea BOHEHpl i t udes are
conpared to a @ecﬁbﬁdbéﬂﬁeﬂl’dnﬁ@cmrérm ne if the signal has been detected. |f

it has, then an aafitissveidl edtofdsQE SfsbiEng, $ive QEITRACIAMhe ﬁhuerr&i eps of an
appropriates a%&ﬂoﬁiﬂéﬂﬂnthe Qe{rﬂéi% BQeﬂJdlegl?%e %%4119&&93&5% fidgl €d in t he

t. Wen t g |
or dor | 0 koo G RERGCCARY PE aed Pt e e HPGE SR  sanpl co 20

equal to 25 é&%ﬁp%?\‘??éﬁ"er ?3\1 @ﬁm&ﬂdV@WWnﬁhﬁeﬂmﬁbﬂ@@k@ﬂl@@pﬁ t hm can be
applied if 3 aqredmrseteilitr yositiat dita and thelbprea@nmbte Sord@mkaiRieseithe The nature

of these cont ra@dm .ﬁ:'ug:.@r'I‘Efgmcmﬁdn1p§esﬁ@éﬂ%ﬁoﬁ(aeﬁﬁ?at§:$ﬁmlfd inthe art. At
the end of , eg&,ﬁtl on, peri qd or. each correlator

18 are simi taneousﬁ R R A F%f‘%l‘r?m@P g)fafx'/ﬂntsﬂ}"ﬁlgt he 30 hardware
correl ator. THEBOFEUR %ﬁ %ﬁ%ﬁﬁ#Y¢%H@@§%ﬁ@% the code phase neasurenent 32.
These code phase neasurenents 32 are then made available to the processor
20. The procegso8atadlfietshs alﬁgakkﬁéA@m@ﬁggthlng algorithmto the code phase
measurements 32 t oge rrieg e Stl tes Thi s
algorithmis used é?fﬁrg% Ottﬁ%l SPF%%P(%?HG%S?%&;E}B%EFE%%%@ &50% Yphase

nmeasur ement’y WY ﬁﬁ”g?mﬁwﬁﬁﬁf phagg diffpranges &g putpesesph the carrier
frequency est icrgtleng P psadatiantirorhihernh@o tesenidnthe dventpdnagidizésraam one 7
February 2005;Mﬁhﬂﬁﬁﬁﬁﬁ%&uEEEbﬁﬁﬁihgﬁﬁﬁﬁu%ﬁph&k%gﬂégmanmgﬁhmpd to the next.
The al gorit hmﬂT‘?‘IRfeLﬁAI}a%oa gﬁ'e% 2% Btlhﬁlr (ﬂjirjee_l%%e co%s iéma‘t €s to reduce their

random errors rrier -snoot mis 84%¥ibed later in this
document . Af t SPeASERIRRLT anddhecrgder ‘l‘é‘ﬂﬁﬁbﬁsﬁmﬁtﬁ tozeduse r@é@@ﬁﬁf@ﬂ. n the
preferred 20 occurring 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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s enbodi nent), the carrier snoothed code phase neasurenents and the

filtered carrier frequency estinates are passed to the | ocation solver
which estimates the SPS Receiver's 1 |location and velocity. The al gorithm
makes use of precise satellite position data and the approxi nate | ocation
received fromthe aiding source. This calculation is described in nore
detail |atgpodddskhis 1o document. The signal processpggamgmdsis € snoot hi ng
and | ocation solving algorithnms are all executed by the processor 20. D.
Satellite Signal Processing Algorithms As previously noted, special
processing of the weak satellite signal is is required in order to
determne its code phase differences for purposes of calculating a PV
solution fromthem To this end, the itAvention utilizes an algorithmto
measure anplitude, frequency and phase of the satellite signal. The

invention al so appWi@str fshﬂ1§‘ﬁosQiBEQ@gé{§cQa%@n&l%mﬁgﬂiﬁdﬁﬂase
measur enent s a&gmfa{bg ﬁt%u{l erleg Egﬁqt{g &%geareh;% ﬁ’%’&’e{%ﬁg’ uce random errors 20

occurring over P the code
phase differée E@’g gl b%‘%tP‘i‘té?FnBlﬁﬁZWPﬂtiKtiv%lﬂiﬂl on. Each
algorithmis %@dhestsieﬂmgmsl‘wblemon(my néisd et tegodeipior utplet, Fr equency and
Phase of V‘éak sSﬁ:Ithéﬂaier Sitgadly low k. g’keﬂz%’r% CﬁdW&ﬁrBr b RbRRYi ng a hardware
corr el ator hﬁléhél@g@ﬁﬂéﬂn IDEML?@S]H&Q QMa O'W‘ISS r}? UI red to est I mat e

t he arrplltude na’lsmthe

presence of th B Pier‘i’ieﬂue&“:%mﬁf?ﬁ SCﬂ‘r‘t%'dgfsﬁ’FéfYo ]EﬁY&?é’el ocked | oop or a
frequency | ocKegwhiom laftrmﬂcactdéighwrdcmﬂne@ccdrmgymiughwbortdlaeoﬂ requency of the
final down corvneft edmpihg adteindeletotRa@aidsl 4RARKHAEHE al sPegliledel y. In the

weak signal, cag @stﬂﬁh‘ﬁﬁl’l@ﬁ glinﬂge tgél]%gl&ua@‘%ﬁnells%%aﬂ’?@ thde pipt lock-in

wi t hout the use SO ? Ing rrom auxiI'ra y algorithm The
si gnal processrfl a%? hnms of the present invention could be used as
auxiliary algorit I"ﬁ’¥§ 4 daviciraflavscherider apralgotityn veeg to bessusethplindependent |y of

any phase- Iocl&m{umCyﬁm:bpﬂnh@mmd@@iaBﬁlodl@&hofﬂfee dhd 18e n€equi si tion and
tracking. 7 FelinbRhy of80eoddiitis 303 b notil e 3 s ¥ehllo2! T 0N s gnal s

it is p035|lpl out put

b £, S'%ﬂ% OGP 1 3 TR,

sanmpl es 29 W|t nﬁ'?’gf At P 8 Lﬁ“ﬂn{’ VESDEF M T TR Ph. In the weak

si gnal case, tHensfsm3aeaplise toyblotk of samplbsfeom tegpde ghasnoi sy that the signal
i s indistinguisdabbeerfty sdwfttheconelate 181 MiesHedt b thendfeitah Bto out put 5 sanpl i ng

g’é :9 n;its O(r9>s<t rzgrEB rebOife (‘&Bdg?l éﬂ#?xéﬁﬁ i w @Y%‘FI%;F%FT'[SOU@Y 94, do;[Nhga lin
rate, the D0|c;If Ei’fe’feg e tGﬁI @n%ﬁ%u%ﬁ%gfi%g]{e WHER T PRgTRyS fff“?aéet vvom) d hgve
to be across all of th e 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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known to an inpractical high precision. Accordingly, a higher correlator

out put sanpling rate needs to be retained and a suitable algorithmis
required 10 to estimate the anplitude of the residual carrier signals in

t he code phase neasurenents 32. FIG 4 depicts a flow chart for an

al gorithmused to neasure anplitude, frequency and phase of the signal
from each wholddgagearly and late m xed signals 29 of p¢Pgucsaisie! ator 18
according to one enbodi nent of this invention. 15 Referring to FIG 4, the
procedure involves the use of a Fast Fourier Transform 33 applied to a

bl ock, of sanples fromthe code phase neasurements 32 of the correlator 18.
The effect of this algorithmis to coppr ess the residual carrier signal
into a few bins of the FFT output 34. = Thus, whereas the satellite signal

i s undetectable when its energy is spread_20 across all of the time donain
sanpl es cont ai ned tesnltihe setafddémphasan simpsdwieiEpiificadfy inifroved det ect abl e in
the bins of the FR] ﬁ%%@t'dfse?&ﬂomm%ﬂa%rthenﬁetp%&'@\]iE&c‘ﬂ?to‘eﬁe&m readily

estimated because n%ﬂﬁhﬁ?ﬂﬂmﬁlo %%%gﬁ%“q‘g satell1te signal between
P

several adjacent b| ns.in sem - éndi ng on where the
transition falls. |2nAPé‘P‘§fﬁeé‘ﬁmtf‘§mdBﬂﬂbeteﬁé@FWéjﬁF dbepovemndibe i od and t he
-phase of the resi dired dazair sagipleatnay batquardttantnodettedelaetkss, havi ng detected

the probable pres&imugifeoathgagsajhhgglgmlgblg@g{enrbgegt;‘ma% ible to reject much
out put 34 cent or og ohoRREnd oW, ﬁg&g@ﬂﬁ%ﬁ%ﬂlﬁ %18%% b%ﬁo S8 he i scar ded
conpletely. This i'§ gf Wf fl‘?‘?ﬁ\ﬁf’éﬁﬂ?&s W%S"PdlYm gnificantly

i nproves the si gnaestimey @Ethmamteblgfqremmamngm-amwnﬂaancbroceSS| ng 36 of
the wi ndowad i | t er &thqEérgal a kol @udbddet Nah@sd HaG:ddtiBe vAlledBSi ti ONs. The
remeal ning w ndom%a@rﬂm@mtshﬁ1 %gﬁﬂﬁfk& an{tg[htgﬂonileﬁgﬁ%oii éa&n nql){be processed

in one of several S .0 or t he presence
of the noise and & éﬁn%h’ﬁ@ (?%&Eth%’ffﬁeqfemﬂ’? ﬂ’alr%“@égﬁ"éﬁ“ebﬁﬁ%alnay be zero

filled and the corﬂﬁﬂe@e’t%@ﬁybﬁdb&aﬂéﬁytbesﬂample@nTheannbugetjsmllmahsfor med back
to the tinme donai robdiesavadoited déteimaiBing die/frelflayVWO 01/ 86318 PCT/ AUO1/ 00519

18 result i a sets ofe fdoftp ﬂ@zmbﬁﬁm%abmsm Bk 8bdduapid iy | T Oved

signal to noise ratio @ rocesse 0 effect

| ock-in of a phasé® IP%"(? 'ﬂgﬁtaolé‘ XB}M‘&‘E’I"S})}I’J BHEIRERS ?%o’ﬁ““?eq% Phver se
transform may be é@?‘é@ﬂ@&ﬂnébe@é%@ﬁ%bﬂtaﬁdlﬂ@umbdrqflbmsnswmdm domei n sanpl es
may be squared t o fillersd\eignill3e iskatail colp@ed arth sitdtdehedFTisBatheegul ti ng si gnal

could then be est 'aﬂﬁt:@ﬂimmﬁon Efo@e@?gé)ﬁaﬁ} E@lﬂ%ﬁpﬁﬂﬁ&ahpgosﬁfr gayency domain
using a DFJ(_} to Obtt@e 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;




few bins centered on the previous FFT peak and appl ;iFr?gmaaWyzoogsti mat i on

algorithmsuitable for estimating the anplitude and 10 frequency of a

ci ssoid enbedded in noi se based on the values of several FFT bins. It is
inmportant to note that one effect of squaring the signal will be to double
the frequency of the residual carrier signal such that it may be aliased

by the sanphesesuidNi s anbiguity will need to be resopvegeied determ ning
the frequency. 15 3, The vector of remaining wi ndowed bins may be

aut oconvolved to renove the data in an autoconvol ution process 36. This is
equivalent to squaring in the time domain but, if the nunber of bins in

wi ndow filtered signal 37 is small conpared to the size of the FFT 33,
then the autoconvol ution process 36 ﬁ%y be | ess conputationally costly
than 20 the process described in option 2 above. The autoconvol ved sanpl es

38 can then be process@d ibthe fbyneas) shHRLOD tid) @i dohvarsdéh isuhd abl e for
estimating the amlitide and frequency of a cissoid enmbedded in noise

based on the values of_ several FFT bins. Again it _is inpportant to realize
that the frequency corl}[pe‘lslf)gﬁ‘?g’%’b‘“f‘l?f’rébéweﬁgﬁ)zﬁﬁgh%émg’E%N‘ed 25 by the
aut oconvol ution process 38IEFT chthe peak initet I THwbich fibe eradan binedff ect i vel y

hal ved for 1 he purposes dfosé exeaued ey patdrinifithodqutocbhtliaaf;er red enbodi ment
of the invention enpl oy ;PP L@ ndnleP bt 8BS héatBid Qe QfodblirAIRLst ude and
residual carrier frequencgl. t‘lp: E&F carri %hﬁe ency .| s %stlrrated as
follows: 30 Fc = Fdl + FA2°% ETE‘CQIS?F{??“-T SITOLSNFRERFS PEDi n -

TFxo* Fnoml Fxo Where: Festigatingdhaymeplitpdy aud fegesgadncy; Fdi is the total
frequency shift due t &roheis thedin renbbrddi nodmamak bindhdre; 7 February 2005

WO 01/8631% PCT/ AUO1/ Ooah%cé%oﬁféabin;cmﬁu@mg%ﬂ osdthd fo e to the down
conversion in the corrqlq%}:or; Npl is the bin nunber (between -N 2 and

(N2+1)) for an N poi nt “¥FT) of the peak in the FFT (which is the center
bin of 5 those extradte¥ thefeqyangysdinshrgnt febiastidmetionssf PBR) . Np2 is the
bi n nunber of the peak belativeto Npe) etimeed by adalyeid db baveral aigarpatt ed (which is
the center bin of those wnldiat@thch@olved dink BB MLt he anplitude and
frequency) s 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
3 measuremenis 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




Nnomis the bin nunber of the nom nal peak bin in theFe%’larayu%oconvol ved bins
conputed (i.e. corresponding to zero lag); NCI' is the frequency
adjustnment (in bins and fractions of bins relative to Np2) estinated by
anal ysis of several adjacent bins of the autoconvolved bins conputed; 15
Fbin is the bin width of the original FFT, '"I'"Fxo is the crystal oscillator
of fset frogbtsgsipom nal frequency; Fnomis the nom pegaldogar ri er
frequency of the signal; and Fxo is the nomi nal crystal oscillator
frequency. Wiile the signal is being tracked it is possible to reduce the
20 conputational |oad of the signal processing, if this is desirable, by
utilizing the precise value of the residual carrier frequency as estinated
in the previous integration period. Edr exanpl e, only those bins used in
the previous integration period need be conputed. (2) Signal Snoothing 25
Wi | e the si gnaidthausthe naeie thlk AecotMde tHRIAGRnNskiE! FErEBRKnESt | Mates may be
refined by a cRkkws snoot hing process prior to being passed to the

| ocation sol ver. A@Qg % icts.the flow of such a process. The al gorithm
illustrated i s a blockK ¢ ?Qé'tql CLSP BTHmsies B CPTFRaP dR%esti mat es from
several i nt eqiesHclhsqrllite swaal RErsimply avdrdgpd iredienl 49d The overagetaoritd) to conpute a
singl e set ®f fﬁqumydﬂfemmmﬁﬂs ﬂﬁpmeﬁl&apteﬂgtfoﬁfzdrﬂlﬁibrﬁﬁaﬁdﬁrs%@imlS for the

final int egratTHiHbredi&fdn%@le daths 108 1R R bR R te%@%ﬁ@@&ffer%ﬁl%fﬂ gorithm

processes diff e estinmate one, s ite and those
fromall the g? e&ggt?lg% Rhmq?tﬁ%ﬁneﬁ?‘ﬂ%%f“ﬁﬁ“’il??éor%fb"gfﬁg’%@w&b’ﬁ mat es for

i ndi vi dual satS#P%p¢ £he PFW@“‘P% 3¢ questimatpdDoppler pEtet piithe ¢ndepr ef err ed
enmbodi ment of 47leteimived from step k& ehichdi Habelngos e diffasdve betivh@nthabsol ut e

gi} gggtl gspg /e % £ 1868 YERe géﬁéﬁeﬁﬂ&ﬁ? (P%WcﬁevﬁthE@s%ﬁﬁﬂtez tFeb][ U?L y 2005 WO
- count o e
S ?l%?%t fr%%fcg‘ﬁlée%ggtep Erléluf'%e‘f’ BFEQIC@F‘“@ o4£8dg equency

frequency off
di fference est ger%@esc"&r S intsmitiag petipda usipgine foblgwing faraxala | i te signal are
sinply averaged i rW}ﬂt-é{pMFmﬁ[ﬁmja‘Fmtzaglﬁ*'ﬁpifFe{*@nomHPfcn-Eca))ency di fference 43

is then used to prvﬁﬁkg;t forvvard in predi ction step 44. This prediction step

44 is used,for all buty d fere ces 41 . for that
satellite tlj](c) the | at est és%trt% h af%% asﬁg'f or ey eeﬁ‘afjfﬁff& [ hemin step
45. The prediction stetE ayigaction of ae{-"t‘? %%HOP]Fmt ed Doppl er offset of the code
e 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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47 determ ned fromstep 46 which is based upon the difference between the

10 Doppler offsets of the carrier frequency (Fcl-Fc2). Wth the estinmated
Doppl er of fset of the code 47, step 44 is used to predict forward the code
phase differences 41 by N i ntegration periods using the follow ng formnul a:
"Ppl- ip2 = Frac('nl-'1'nm2 + N*Tip/(Te* Fnom/( Fcl- FCZ)) where: 1s
'FplfY‘p2-$§0ﬂ£ﬁ8pred|cted code phase difference 48 ﬁ ReeRH as a
fraction o code epoch; the Frac function yields the fractional conponent
of the real argunent; I'nml-"I'nR2 is the neasured code phase (41) to be
predicted 20 forward; Tip is the nominal integration period; Te is the
code epoch period as deternlned fromthe tracking algorithm and All other
quantities are as previously defined. 225 The predicted code phase
differences are then averaged in step 45 to produce an average code phase

di fference 49. (S)EB@Isbl@prom@Lte\/ﬁh@%iyoa’ﬁcafuiels%m%wmm&ew ng Code

Ph Diff ted b
Phase Differahges s%%Ffﬁmee% anHt%dySth:‘a 1SS sa%a?Pfe @031{;’ anvg%ggyes'ﬁg i iegggg“bi o

af or enent i oned” }Hg 15@Wﬁmsmmlsan‘f@‘f¢5|thch’roa@€f§ fitke sol ut i on
process used Usartgsigy @b@nnﬂéﬁd Of the aatpllite weiivmrand Tieephositatolocgiohver , whi ch

conput es the |sap@hichfasdlsh s bl(ilﬁlbfyyh@ﬁidﬂ@ Sbiee Eefh@@dtoﬁﬁﬁgzﬁﬁﬁescar rier 35
frequency di f f@henCRsSiof differds &S?%ﬁgﬁﬁ%%a e di fferences 49, the

precise satellit p05| te receiv | ocation 54 as
foll ows. 7 Febr ua}‘f é%ﬁ? igutipsag rﬂfﬂé afim$erF°§? ep 50,
approxi mate r

iffprences 49 dre epmverted mtamduﬁomw dﬁ@rennm #h Alhdre are
measur ement s aheappaixphdte thogdsisn e subacsditRhd the epR@SnkieQitie 282 are supplied

by the Al ding 5o e8aRnid Bl 31k @or%bg%{l ngtﬂev.sudx Bash a&feyeggés‘g di fference of

t he Carte5|an coor di.nat es oﬂiﬂesa It e tlo e approxi mat e
| ocation 5 548 REPER<REL Tahes Jemnsrs: Sﬁy?mtsﬁ‘ée ,&P’&Fﬁb“%&ﬁf"’é 2 The vector
magni t udes ofbeinAased ipmselwing diefeperhermdianitins eccapbirpivithefoBowiagges 51. I n step
55, the epoch famhixgui ti es are resol ved and the aver age code phase

di fferences 49 ar eq@nvek gﬂtﬁ@g%?pé nﬁg) fer_ences 56. All of the
appr oxi mat . rangesm§1 are subtracted ffom I’OXI mat e range of a

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




10 reference satellite (as selected for conputing tt?e egg'lélgyp%ase
differences) to give approximate range differences. These are saved for

| ater use as well as being used in resolving the epoch anbiguities
according to the followwng formula: P1-P2 = int((RLl-R2)/c*Te-(01-02) +0. 5]
+ (01-02) is Wiere: Cis the speed of light; Te is the nom nal epoch
period; Plyghfkdd are the pseudoranges 56 of satellipggadnath 2, RL and R2
are the approxi mate range estimates for the sane two 20 satellltes 01-02
is the code phase difference between the same two satellites. In step 58,
the range rate differences 57 are calculated fromthe Doppler affected
average carrier frequency differences 43. The range rate differences 25 57
are conputed according to the fornul a:# d(R1- R2)/dt = -c*(Fcl-Fc2)/Fnorn
where: c is the speed of light and d(R1-R2)/dt is range rate difference 57
bet ween sat el | Afiig Bo@@sl2.) 3PheS@iR dalPmévix| 10 iORRnAN HEI PALLNGnemDodi ment  of
the invention,gfthe ( Current | ocation estimate 60 and current velocity
estimate 61 aré1 co step 59 by a nethod simlar to that for a

si ngl e updat e of K 1?‘ﬁ{a'bﬁ‘gatl on filter in a fraditional SPS receiver.
In fact, if tine allownd a true navigation filter can be 35 run for several
‘updates to iurtherxheinlupemey imated PV solution. (However, in this case
the satellite posi t bruary 2005 WO
the sate PCT/AUOU%%&@ L&%ﬁﬁ% 9@%&5&%@@@ sa%‘%cnﬁmnx v
gi ven by the wel | -FREWHEE i‘thBr?n lﬁWWRHHR) 1 and 5 X=XI NTT+K( Y- Y)
where Y is th@%&bhﬁﬁ@l@nmtb@!@ﬁ@lstande%rliémi.hﬁese’siolthﬁappmxsmme vect or

cont ai ni ng thdodaﬁﬁxairbxﬁlﬁaeaﬁkﬂng/@]uﬁﬁlvmhz@ﬁix}em{tﬁsrhelﬂﬁét%adldﬂbﬁ equation, the

nitial staeweglof ,seetim 5 a&ef?ﬁ%grag qgiﬁgyéd%o%menfromthe

ai di ng source w t h ro ve %)CI J?f
pproxun e ranges ofor e range rate ditfferences 57.

The state covariance matrix, P, is initialized to a diagonal matrix with
the entries representing the estimated variances of the approximate location
and velocity estimates. The location variance estimates may be obtained from

15 the Aiding Source 2 or & fixed value could be used. The initial velocity
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 satellite positions (52) can be used to determine the

~ direction cosines and the direction cosine differences form the rows of the
measurement matrix, M.




10 vector, Y.., is set to the approximte range dif ferBREES2%r i ved from
the approximte ranges 51 and zero for the range rate differences 57. The
state covariance matrix, P, is initialized to a diagonal matrix with the
entries representing the estinmated variances of the approxi mate | ocation
and velocity estimates. The | ocation variance estimates may be obtai ned
from 15 t hgo fNsdifg Source 2 or a fixed value coul d bg-pgReaskhe initia
velocity estimate is zero and its variance depends on the application. The
measur enent variances can be estimated as in a conventional receiver except
that the measurenent variance matrix, R is no longer diagonal. The fact
that differences with a reference sa%ellite were conputed neans that the
20 covariance ternms between the satellltes are half of the value of the
variance - estinmates rather than zero as in a conventional receiver. The
approxi mate |G@aB$on (54) and the satellite positions (52) can be used to

det ermi ne the 1 di rﬁpsflsqg}st@ﬁ%r@@e%nﬁwg Ea@ﬁcﬂoﬁ%?&ie@&v&(?ﬁ'tﬂé%ggﬁé erences form
t he rows of t i@@%ﬁg& hsJ:\aA 7 February 2005 Fg6318

PCT/ AUO1/ 0051 5§ €tem for identifyi ng the location of
a receiver in the ‘gglétﬁé’éorbﬁﬁlS%*%]tlléqu‘?f{d@8§Wﬂ‘7&@teé‘Fﬂ§a@ #igrtlconpri sing: a

plurality of enrbicemier Eeguehdyivhessissntiktnagled sipotis bniezegbatedepathsl si gnals 5 on
a carrier freguehigihgieheiniatad diegncoded signal s have repeated epochs

cont ai ni ng SynChr% L%R:HBP ﬁ ai %;ﬁﬁg?'tr&%gngaqs&ig%ée e(f{[c egs%ﬁe qUI ring,

tracking a set lg eeno ermnlngthe
code phases of* g %GIF’é%‘ cpdp phases gt h‘é“ %EPCT(? an ai di ng
source to traﬁ@;ﬁrﬁrochn&a@prom mate | ocati on of the receiver and the

position amd vel oanm:gfsomatdﬁa@hmitm@ﬁpr@@h&bhmﬁ% ofthe&iiRrt he receiver
determ nes a pLegh Ssull ;yéf’&gyﬁrgl oPRRuAX. mate |ocation, the

satellite position é an carrl ef fre&uency d| fferences. 15

2. The systemof & TBH’I e\?\?‘f@t" tepipes i Besissdoralien ighities det er mi ned usi ng
the of fsets bépmedmaishecateon thephalite pisitiany, dicgodnplessiagdatriand each of the
code phases freounedliféenseal signals. 3. The systemof claim 1 wherein the

recei ver tgangmt %h@sgs@ewwmm i3S BbYicRd, BANGS, AldhfhaBRRONSE the
ai di ng source,t rgg%ﬂiittw T{E g % ? r@iﬁ%d"l Orfat@ ceiver. 4.
The system of T Yerat {Of Raesp 8 ae‘ief?éetnc?iﬁﬁ ey o %]EﬁdFes the set
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.




of encoded signals using a search nmethod in which tlfeFebamey 265 first
detects and acquires stronger encoded signals, if and when avail able, and
then detects and acquires weaker encoded signals. .25 5. The system of
claiml1 wherein the receiver conducts concurrent searches for nmultiple
satellites signals. 6. The systemof claim1l wherein the receiver restricts
its searcRybyssfist i mating code phase differences forpaddipidognal satellites
after acquiring at |east one satellite. 30 7. The systemof claim38
wherein the receiver broadens its restricted search if any additional
satellités are not detected and acquired. 8. The systemof claim1l wherein
the receiver, after acquisition of a lurality of satellites, transmts a
request that includes the identities of a plurality of satellites and in
response, the aiding source transmts each 35 satellite's |ocation and
velocity. 7 Fé&br udihy spaes ofBin 1/ v36a:0s the Gl J04/co Q&dSniAet a9d The syst em of

claim 1 wher eitanitits thé fosthnSal vE iRt £ RIS of3RNEitd: ERRSBhteto hhe Posi tion

and velocity of u@stpgﬁﬂlriﬂ!ai:etc&vé}f satellites i'n response to a request from
the receiver. .10, .1he Syst of ¢laim9 wherein the aiding source

f : W ) .
det ernines | odAti grie ¥ Sarheeinthe piging sonce detesminss losaliest | i tes usi ng
epheneri des® danévelediiwiof 8¢ plralgyof shiellidestusing epleserititsaiata raeived r ecei pt of the
recei ver's redwesthe sitdllited) ghe T $6tbEbQRe Joadi@IE Yoqulst Lkehe equest . 11. The
syst em of C|a&£mﬁnwﬁEHﬁﬁH?hﬂ§mr glyver transmts to the aiding source
receiver inforgatbﬁp sgleg%& fr m a ggoup_of receiver information 1o
i ncludi ng: 1 oéati on® Y& mﬂiﬁlﬁf% & MeaiveHrans s WAl AYBH npde; satellite
i dentities uséerrearegpives idormatioreelorion o agruprof regeiter ivfortentiohase di f f er ences.
'12. The syst emncbfdiggaim 1 further conprising a call taker for using or
processing recei vggeahiggati on information. 20 13. The system of claim 12
wherein the aiding éﬁyrce further transmts the approximte |ocation of
the receiver to tHA® ~al | taker. 14. The systemof claim 12 wherein the
ai di ng source fur®B¥%ransnits the
' 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
satallites; :
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preci se location of the receiver to the call taker. 15. The systemof claim
1 wherein the aiding source determnes a precise 25 location for the

recei ver based upon information that was transnmitted from the receiver,

16. The systemof claim1l wherein theZPecei ver perfornms a snoot hi ng

operation on the CO&%”Q‘EC}@%E%?‘&%%%Q&%E%& hgg‘fs%ﬁﬂtﬁg%% Og%g‘“& net hod for

determ.ning a precise loca aTecerver 1nt sence of
attenuat ed sataid|thendetirginanesancdisetfphepch pedetnbese wigh feemeclata  conpri si ng:
recei ving and gfpdrcBeoRigiRRac data for regional satellites by a receiver;
sendi ng an approxi mate l'ocatiaon of the receiver from ﬁ” i ding source in
response to a reque%efl‘ﬁ?g%ﬁﬂ‘ﬂqﬁtén‘fl e fdenttigs ofch seqfisag! te%.g i ng and
‘tracking a setreofivegit@thalailifersottca amd tetahihg the@hbsitisitaal Meloeisies of7 February 2005
25 det erm ni ng, sf1r[3ulmt3 eso%ﬁlé{ t he code phases fromthe set of signals and
then determ ni r?(f; SUeFSaF S each code phase with respect to a reference
code phase; sendi ngleterméumngspositivolsoldiiogusiigethe demroximakdowmfiom set of
satellites frop.Lhe dafaCGEk bfkse i dEe i QIS @g@.‘ eturning the
positions and ve%oci tal{a’es 0}5 Sgac reeuestsglg_s(g#tfesﬁﬁlt ; c,’g'et ermning a

posi tion sol uthi®n ubteripethasolginin dyiforcs comprsingsnding reseiveidaiddp a, code phase
di fferences ande sdinglsbirt& positions period. 18. The nethod of claim 17
further conprigsing .sendi receiver .data t .the ai.ding.source. 19. The
met hod of cl ai R 18 TdPehel fsfam I8 sdetar suieeired SpRusIaP B2 o7 oup of data
i ncl udi ng: reggowyesf datadadtuding: recei ver speed; receiver heading; receiver
hei ght; receiver sgl uti mde; satellite identities used by the receiver
in determ nation ofrg%e%e%gd;?%h solution; and receiver determ ned code
phase differences. ®@iverpgeedet hod of claim 17 further conprising sending
receiver data fromeidRrfédifag source to a call taker.

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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21. The method of claim 20 wherein said receiver data is data froma gr oup

of data including: receiver location; receiver speed; receiver heading;
recei ver height; receiver solution node; satellite identities used by
receiver in determnation of a |location solution; and receiver determ ned
code phase differences. 22. The nethod of claim 17 wherein said detecting,
acqui ri ng @agdesiacki ng step includes a frequency angegimhpdsude signa
search in which a search anplitude threshold value starts at a sone | eve
and is successively reduced to allow stronger signals to be acquired
before nore attenuated signals. 7 February 2005 WD 01/ 86318 PCT/ AU01/ 00519
26 23. The nethod of claim22 wherein ? frequency range sweep i s perforned
prior to each successive reduction of the search anplitude threshold val ue,
24, The nethod of claim 17 wherein the step of determning a position

sol uti on i ncl Fdes Bheaestieadrfl Alaioh dhwbéreipsdwdumangege teepaghriomied! | i te usi ng
said 5 code phias® edtt}:fs‘ued.‘eedimsducﬁ5n offfae seaRhhemplitie tradhfl2dupher ei n said

determ nation 2@f pgg atel |te g%”ﬁff?h‘*’ﬂ% ﬂ%*%%fﬁﬁéﬁﬁggﬁﬂ QI oxi mat e ranges

to each tracke h erein_said

appr oxi mat e raOll % 5*? desad Z:eﬁ"lnﬁ’tagﬁn%sﬁﬁlqal‘}ﬁesé?ﬁi’r%ﬂtﬂmeéw’ln&éa&@l on and the
satellite p’bS|Cf’ differemzes. A devi ce for use in an SPS system f or
determning a2pr ecflfbsmeltlmdaﬂf tlaim 24whdrbia sgt dsengaadh obpdetduiaigesissatel lite

signal s corrprlr@a!d@gmn@cawumra ?dxfbﬁ‘atéri%ﬁ i Qh BE0EA MeigOuest s for its
appr oxi mat e I%gatﬁ%enm ﬁ ?q_ %5 %ltles to an external aiding
source; a recéption.nsans f or %?ﬁém ﬁ@”&ﬂﬁ?@i?ﬁ@ﬁ%@locatlon and
satel lite 15<podried Btius Baaprrerizetetlpeator ansithe satellin pesifinal. ai di ng source; an
antenna t olr e@@i veA davivadoriusd imchnSSPE @Y dtdrh for dbtgmdhing a froiss odtonte filter and

sanpl e the si gRAlSseh@CRkivadaidd sétéiﬁte%@hﬁslaﬁm nsfh plurality of signal
correll ators each f dete trackin nal; and 20 a

n
control circuit %¥ g mﬁroce§§qﬁ ﬁgﬁgﬁﬁf§ﬂpﬂﬂﬁFﬁéﬁm§gﬁ contr ol
circuit deter ﬁ“P‘?’n%aé tﬁéie El@t?)%%eféﬂfaﬁlﬂ&soﬂ@?. a plurality of detected,
acquired and tr acleeeteptdnahéant éor sdcgivhigshd apptdaing locadon byd efellite

15  positions and velocities from the external aiding source;
 anantenna to Teceive transmitted satellite signals;
a circuit to filter and sample the signals 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 & 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 1o 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




signal correllators and using said code phase of f seffdebruagy #¥¥5er m nati on 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 | ocation and stored al nanggr data. 29. The device of claim27
wherein control circuit effects signal detection in which stronger encoded
~.signal s are aogingsededehane damy the appreximatedtn3hdshaarpraxibgte successi vel y

i ncreasing a corr.el atar. .o { signal _integration period and successively
reduci ng an aﬁ%‘faﬁn?rﬁ e tﬁ‘r:tgi';s"ﬁ% %‘e{}%lr%%g.e' 30. The device of claim 29 wherein
~the control ci¥cui tThefdteict of @aifor ouilemeiy thercanigd ceweegnmuitasr t 0 each
successi ve reductd on of t [ . e. 35 31. The
devi ce of claiffiy rainﬁgsvitﬁie%% at%ﬁ‘gjfe?graﬁ%frhg%ﬁsgzll}érdsgﬁll(%oﬁézﬁﬁ%g%g%e\%l&ui mat ed Doppl er
of fsets of t heakaltedapprarishatociegdsdegvedfzinethe ofceivhe agrapainaiet e signals 7

February 2005 iggatiﬁﬁiaﬁ'@ alg ?sif% ranac data, the approximate tine and the
approxi mate |oCation Yo resStrict the frequency range. 32. The device of

cl ai m 27 wher éi3n t He acamiventhaticcaves sigodmfumestelljsesdnduleafigéls own each
acquir .ed sat ellLéaEiSnP Stl)enc%m%ﬁ#eg sy %nﬁ)tg %iss?angé %&rﬁtd?e 181'39/11 of @J)Iﬁ 1 e.d
approxi mate ranges derived Tromthe recelved approxi mate 1ocation and
satellite posilbdatings ofise kaieltites enbwvineh inchipbrates ediasdysreeagreddter, 4 r om

satellites in r Lk i : Hased on its
di stance from %‘go%kf?ff %Cegsﬁctggn%%}aiesgﬁﬁ% (E)%gétlaltt%r?gﬁgtfqﬁt ofs@%gat ellites and
whi ch i ncor porth¢ sspliudesand igeency pf bk avoelatedsigmab eivbie detset the ocessi ng t he

signals at the_correl 0 -in order to estimate the anplitude and
frequency of tﬂ%eesg%%rorfglts%g%ld&%ﬁ%%g{ "and to detect the presence of a signal,

conpri sing: pr oces giravgssingriecdiomainsigpalgampleseannd feedontegrationfpesied i nt egr at i on
period; transform.j l. or 0 . 15 AL [akegration
period to the fre&ruagsr@&ma%ﬁ%?ﬁ%]e ({frﬂ](iaegsgﬂé{iu’%gw 6@%18%91%%%1%%1%%&%8 a peak
frequency bi n todrtfegnéney domeinliafrggsncylonpl ex nmagnitude; applying a filter

process invol ving t.he.. | i f o a: W ency bins with
t he wi ndow center edd%ﬁlﬁﬁﬁ%a%%g(lﬁ lrl%ﬁﬂglrrll\g? ?#gttﬂglsat&%rgrta{#ﬁ)g&t he anplitude
and frequency mdgnithde; si gnal fromthe w ndowed bins; detecting the presence

of a signal with the eaLl e frol& MBig A0 Hop! MR drddfindow 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.




34. The method of claim33 wherein said transforni ng Ebegry a0 ves the use
of a transform nethod froma group of transform nethods including a

Di screte Fourier Transform Fast Fourier Transform and Fourier Transform
35. The nethod of claim 33 wherein the step of applying a filter process

i ncl udes the autoconvolution of the vector of wi ndowed bins to elimnate
the effecwsopdfssdata transitions. 36. The nethod of etBAdsigioherein said
step of detecting the presence of a signal includes a conparison of a
number of frequency estimates to see if they are consistent. 37. The

met had of claim 33 wherein said step of detecting the presence of a signal
i ncl udes a conparison of the estinat e? anplitude with a threshold value. 7
February 2005 WD 01/86318 28 PCT/ AU01 b0519 38. The nethod of claim 37
wherein said step of detecting the presence of a signal further includes a
conpari son of 3. nuftisenctibdd df clebm @NolereintshitBlep 8f dddectif e ipfesé Oy ar e

consi stent. 39 sighASufBéRGudRS a béhnsekiddn B33 unBer ifﬂa?&eﬁyés&: 3 @ € repeated

with the 5 fi : rati. peri'od set to a short time frane and the
t hreshol d val )L%g gg{%g%&%%%h&h val ue to detect stronger signals and

progressi vel y Sdsi nged™q i cldm 38 pherpin he atepo are pavetediwith thea | ower
t hreshol d val died intagettion penvelaskis a shahifths frameléhd thhehrashélhoaluofetcl ai m 39

wher ei n t heI t b @RfghhvaluY & dect o sxéﬁdlsﬂﬁltd%éogfréé%él' %hi%i E;%lgb%TmaS U{ ﬁdd f
carrier anpli - ; i e i gnal . - e nethod o
cl ai m 40 \r/\rhp er tef#%tgggj%{:afh%% Cg%"?"\gr?g gg c?s('m ﬁé}esﬁ ﬁ@é’%ﬁ%l %‘%ﬂ}eﬂ W%akersﬁﬁﬁ'”f""rsti ently high
to reduce the *&ff “E#h o5 sl 35 Wharelp thsrthiphold vahee ippetbUsiBRR | y  det ect ed
signal . 42. ThecHes pidle okasuiedicamridSamplitndeifor & previbuskedbtdcrtl @ignalt i on period is
- set  usingia fawnctlihemeBiodas Ehxedh Witk s Hatthation e ad tus@didwlkhe detection
of a 15 previ QhiciSh@bh to reduce the affect 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.






